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A MICROSCOPIC EXAMINATION OF QBE PROM TATLAYCKO LAKE DISTRICT. 

The ore examined f o r t h i s r e p ort i s from the Tatlayoko Lake 

Gold Mines L t d , which i s "better known as the M o r r i s Mine, The ore 

d e p o s i t , 5900 f e e t i n e l e v a t i o n , i s s i t u a t e d three miles south-east 

of the south end of Tatlayoko Lake, This d i s t r i c t was formerly i n 

the Nanairao Mining D i v i s i o n hut as a r e s u l t of "boundary changes i t 

i s now included i n the C l i n t o n Mining D i v i s i o n , 

The mine i s a c c e s s i b l e by means of 160 miles of motor roa&j 

from W i l l i a m s Lake on the P a c i f i c Great Eastern Railway to the n o r t h 

end of Tatlayoko Lake. The d i s t a n c e from t h i s point to the south end 

of the lake i s best t r a v e l l e d by boat. I f t h i s d i s t r i c t proves to 

be of s u f f i c i e n t importance, a shorter route 60 miles long to t i d e 

water at.Butte I n l e t could be developed, although at considerable 

expense. 

General Geology, 

The M o r r i s deposit c o n s i s t s of three quartz v e i n s c u t t i n g 

T r i a s s i c sediments, c h i e f l y a r g i l l i t e s and f i n e sandstones. A 

stock of quartz d i o r i t e , probably r e l a t e d to the Coast Range bath-

o l i t h , i s s i t u a t e d a short d i s t a n c e northeast of the v e i n s . Many 

dykes cut the v e i n s and are consequently younger. They are c h i e f l y 

b a s a l t i c but vary to d i o r i t e . One b a s a l t dyke f o l l o w s the main v e i n 

throughout i t s l e n g t h , c r o s s i n g i t and r e c r o s s i n g i t . The veins 

have quartz as the gangue mineral w i t h s t i b n i t e , a rsenopyrite and 

p y r i t e as the predominant sulphides. S t i b n i t e tends to occur i n the 

c e n t r a l p o r t i o n of the v e i n while arsenopyrite Is more p l e n t i f u l 



along the margins. The main v e i n has "been d r i f t e d on f o r 400 f e e t 

and v a r i e s i n width from 8 inches to 5 f e e t w i t h an average width 

of two f e e t . The seceond v e i n has "been t r a c e d f o r 250 f e e t and has 

an average width of 8 inches. The t h i r d v e i n has "been developed 

s l i g h t l y and appears to be s i m i l a r i n character to the others. 

P r e p a r a t i o n and Megascopic Examination of J5p_eoimens. 

Specimens examined were taken from a .250 pound sample of the 

.ore. This sample assayed c o n s i d e r a b l y i n excess of average assays 

obtained by government engineers who have examined the property. 

Due to the small number of specimens examined,a r e p r e s e n t a t i v e r e p o r t 

on theore i s made d i f f i c u l t . Chemical a n a l y s i s , obtained by accurate 

sampling of the shipment, i s given below. 

Cold 1.42 0 2 . per ton. 

S i l v e r 22.30 0 2 . per ton. 

Arsenic 3.40 

Antimony • 7.40 °h 

Sulphur 6.40 % 

Copper 0.12 £ 

Iron 6.0 at 

Specimen I ":'"•' ": - p 

This specimen was chosen as a t y p i c a l sample of the s t i b n i t e . 

T h i s was the only mineral that could be seen by "the naked eye and i t 

presented the c h a r a c t e r i s t i c cleavage s t r i a t i o n s . 

Specimen 2 

This sample contained about 50 $ quarts and 50 % arsenopyrite 

w i t h no v i s i b l e s t i b n i t e . ' I n choosing specimens i t was noted that 

those c o n t a i n i n g high s t i b n i t e were poor i n arsenopyrite and v i c e -

•« • * 



v e r s a . This suggests a handed v e i n . 

Specimen 5. 

A b a k e l l i t e "briquet made w i t h a hi g h grade antimony concentrate 

from a f l o t a t i o n t e s t . 

Specimen 4. 

A "briquet u s i n g the t a i l s from thd t e s t that specimen 3 was 

made from. 

Specimen 5. 

For t h i s b r i q u e t , a concentrate s i m i l a r to th a t used i n specimen 

three but w i t h f i n e r g r i n d i n g was used. 

M c r o s c o p i c Examination. 

Quartz i s the predominant gangue mineral w i t h minute amounts 

of a carbonate mineral, probably c a l c i t e . In approximate order of 

abundance the sulphide minerals represented are s t i b n i t e , a r s e n o p y r i t e , 

p y r i t e , t e t r a h e d r i t e , s p h a l e r i t e , galena, mineral A, and c h a l c o p y r i t e . 

Roughly c a l c u l a t e d mineral percentages are given i n the f o l l o w i n g t a b l e . 

S t i b n i t e 10 % T e t r a h e d r i t e 0.5 % 

Arsenopyrite I I % Others 1.0 % 

P y r i t e I % Quartz 70.0 % 

S t i b n i t e . S t i b n i t e i s the most prominent sulphide mineral i n 

the ote and occurs massively and i n w e l l c r y s t a l i a e d f a n - l i k e r a d i a t i n g 

forms. I t Is one of the younger minerals i n the ore and t h e r e f o r e often 

found f i l l i n g t i n y f r a c t u r e s i n the older m i n e r a l s . In some places s t i b n i t e 

i s found i n l i t t l e v eins i n the quartz while i n others i t occurs along 

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

A r s e n o p y r i t e . This mineral presents a h i g h l y shattered appearence 

but i t i s v i s i b l e i n both massive and c r y s t a l l i n e form. F r a c t u r e s are 



healed w i t h quartz, s t i b n i t e and t e t r a h e d r i t e . The f i n e s t f r a c t u r e s seem 

to he f i l l e d w i t h the sulphide minerals w h i l e the l a r g e r gaps are f i l l e d 

w i t h quartz. O c c a s i o n a l l y , small c r y s t a l s of ars e n o p y r i t e which had 

not been shattered were n o t i c e d i n the s t i b n i t e v e i n l e t s . They suggest 

a seceond generation of ars e n o p y r i t e although they aretoo small and 
A 

i n f r e q u e n t to y i e l d any p o s i t i v e i n f o r m a t i o n . 

P y r i t e . Small euhedral and subhedral c r y s t a l s of p y r i t e were 

observed adjacent to some s t i b n i t e and appearing i n quartz. Where 

p y r i t e occured w i t h arsenopyrite i t was shattered and healed i n the 

same way, 

T e t r a h e d r i t e . This mineral i s not very prominent but where 

observed was present w i t h the v e i n l e t s of s t i b n i t e and an unknown 

mineral A. The close r e l a t i o n between s t i b n i t e and t e t r a h e d r i t e makes 

i t d i f f i c u l t to determine which mineral the s i l v e r i s as s o c i a t e d w i t h . 

S p h a l e r i t e . No r e l a t i o n s could be determined from the small 

amount of t h i s mineral that was observed, ether r e p o r t s i n d i c a t e t h a t 

there i s a considerable amount of s p h a l e r i t e i n the ore, probably I %. 

Galena. The small amounts of galena observed were r e l a t e d 

to s t i b n i t e and appear to have come i n at the same time. 

M i n e r a l A. Microchemical t e s t s show th a t t h i s mineral contains 

l e a d and antimony. I t i s negative to a l l reagents used and i s a n i s o t r o p 

i c . Due to i t s a s s o c i a t i o n w i t h and i t s s i m i l a r i t y to s t i b n i t e and 

t e t r a h e d r i t e i t was very d i f f i c u l t to observe. 

C h a l c p p y r i t e . Extremely minute specks of c h a l c o p y r i t e were 

observed i n the unknown mineral A. 

Gold. One p a r t i c l e of nativ e gold was observed i n specimen 

two, a s s o c i a t e d w i t h a r s e n o p y r i t e . This p a r t i c l e was 130 x 40 microns 



and i t i s i n t e r e s t i n g to determine what e f f e c t t h i s one piece of 

g o l d would have on the assay of the specimen c n n t a i n i n g the g o l d . 

The area of the p o l i s h e d surface i s 2 x 3 cms, and we assume that 

the volumes are p r o p o r t i o n a l to the r e s p e c t i v e areas. 

Area of specimen 2 x 3 cms. — 6 so., cms. 

Area of gold 130 x 40 microns — .004 x .013 

.000052 sq. cms. 
Because gold i s approximately 5 times as heavy as the ore the 

equivalent area of the gold i s 5 x .000052 - — .0003 sq. cms. 
Therefore the number of ounces of gold per ton represented by the 

p a r t i c l e og gold i n the specimen i s (.0005)(29100? — 1.2 oz. /ton. 
( 6 ) 

Examination of F l o t a t i o n Products. 

The concentrate f o r specimen 3 was obtained from a f l o t a t i o n 

t e s t made i n the U n i v e r s i t y ore d r e s s i n g l a b o r a t o r y . A 1000 gram 

p o r t i o n of the ore was ground i n a rod m i l l f o r f i f t e e n minutes 

w i t h .5 pounds per ton of Potassium Cyanide and ,5 pounds per ton 

of Sine Sulphate, The r e s u l t i n g pulp was d i l u t e d to a 4 : I r a t i o 

w i t h water and conditioned i n a f l o t a t i o n c e l l f o r two minutes w i t h 

0.1 pounds per ton of number 5 Pine O i l . The concentrate, r e p r e s e n t i n g 

6 % of the weight of the charge was removed f o r ten minutes and i t 

gave t h e f o l l o w i n g assay. 

Gold — 2,0 0 2 . per Ton Arsenic 3.9 % 

S i l v e r 144.7 0 2 . / Ton. Antimony — — 47.0 % 

The specimen i s approximately 65 % s t i b n i t e and very few f r e e 

p a r t i c l e s of arsenopyrite could be observed. F i n e r g r i n d i n g would 

be necessary to unlock the p a r t i c l e s of a r s e n o p y r i t e that are s t i l l 

connected w i t h the s t i b n i t e . F i n e r g r i n d i n g i s I m p r a c t i c a l because 



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

f i n e r g r i n d i n g decreases the grade of the antimony concentrate 

obtainable w i t h the set of reagents used. The r a t i o of the number 

of p a r t i c l e s i n v a r i o u s mesh ranges i n d i c a t e s the extreme fineness 

which would be necessary f o r complete separation of the sulphide 

m i n e r a l s . 

£ 200 Mesh - 200 f 525 Mesh. - 525 Mesh. 

No. of P a r t i c l e s . I 5 70 

Further concentrates were taken from t h i s same charge by 

means of a c t i v a t o r s and c o l l e c t o r s . The r e s u l t i n g t a i l i n g was 

75 % of the charge by weight and assayed as f o l l o w s . 

Gold 0.46 oa. per ton. Ar s e n i c 1.4 % 

S i l v e r 2.1 oz. per ton. Antimony 0.6 % 

Quarts p a r t i c l e s are much l a r g e r than the sulphide p a r t i c l e s 

subjected t o the same g r i n d . Most of the sulphide observed i n the 

t a i l s was s t i l l included i n the quarts p a r t i c l e s and t h e r e f o r e given 

no contact w i t h the f l o t a t i o n reagents. Very few p a r t i c l e s of f r e e 

sulphide minerals were observed so th a t a cleaner t a i l i n g would 

r e q u i r e f i n e r g r i n d i n g of the quartz p a r t i c l e s . By comparison w i t h 

specimen 5 , the r e l a t i v e s i z e of the gangue and sulphide p a r t i c l e s 

can be r e a d i l y noted. 

£ 200 Mesh. - 200 f 325 Mesh. - 525 Mesh. 

EFo. of P a r t i c l e s . 2 4 I 

The concentrate f o r making specimen 5 b r i q u e t was obtained 

i n a s i m i l a r manner to that f o r specimen 3 w i t h one v a r i a t i o n . The 

time of g r i n d i n g was increased from 15 to 30 minutes. The concentrate 

was removed f o r a longer time and represented 15 % of the charge by 



weight. Assays f o r t h i s concentrate are as f o l l o w s . 

Gold 3.20 oa. per ton. A r s e n i c 6.3 % 

S i l v e r 129.6 oz. per ton. Antimony 34.2 % 

I t i s i n t e r e s t i n g t6 note t h a t w i t h only one change i n the 

method the grade of antimony concentrate Is reduced from 47 to 34 %, 

The p a r t i c l e s i n t h i s concentrate are extremely f i n e and d i f f i c u l t 

to determine. Several of these minute p a r t i c l e s s t i l l contained two 

minerals and f u r t h e r i l l u s t r a t e the d i f f i c u l t y to "be encountered i n 

s e l e c t i v e f l o t a t i o n . The f o l l o w i n g t a b l e gives a rough r a t i o of 

p a r t i c l e s i z e . 

/ 200 Mesh. -200 /525. -325 £ 500. -500 Mesh, 

No. of P a r t i c l e s . I 5 25 600 

E x p l a n a t i o n of Diagrams. 

Figure I shows the occurence of a p a r t i c l e of f r e e gold w i t h 

a r s e n o p y r i t e , thereby strengthening the opinion that gold and arseno

p y r i t e are c l o s e l y r e l a t e d . Figure 2 shows quarts c r y s t a l s i n s t i b n i t e , 

suggesting that s t i b n i t e might be younger, Quarts i s a l s o shown 

f i l l i n g f r a c t u r e s i n the a r s e n o p y r i t e . F i g u r e 3 shows marked s i m i l a r 

i t y between the opposite w a l l s of a quarts f r a c t u r e that has been 

f i l l e d w i t h s t i b n i t e that i s t h e r e f o r e younger than the quartz. In a 

l e s s i l l u s t r a t i v e place on t h i s : same v e i n l e t , galena was found i n 

d i r e c t contact w i t h the s t i b n i t e . Figure 4 shows s t i b n i t e and quartz 

that appear to be of the same age, f i l l i n g f r a c t u r e s , i n ' a r s e n o p y r i t e . 

Paragenesis. 

I n d i c a t i o n s are that there were se v e r a l periods of m i n e r a l i z 

a t i o n but s u f f i c i e n t evidence to d i v i d e the d e p o s i t i o n i n t o more than 

two generations was not found. Quartz, a r s e n o p y r i t e and p y r i t e belong 



to the f i r s t generation^and are c l e a r l y the oldest minerals present. 

S t i b n i t e , galena, S p h a l e r i t e , T e t r a h e d r i t e , M i n e r a l A, c h a l c o p y r i t e 

and a second generation of quartz are a l l younger than the f i r s t 

g e n e ration group. I n d i c a t i o n s of a seceond generation of arsenopyrite 

are a l s o present although q u i t e weak. 

M e t a l l u r g i c a l Treatment. 

Cyanide t e s t s r e s u l t i n an excessive cyanide consumption due 

to the presence of s t i b n i t e , and a low e x t r a c t i o n of g o l d and s i l v e r . 

S e l e c t i v e f l o t a t i o n r e s u l t e d i n a commercial antimony concentrate 

but t h i s method i s l i m i t e d by the fineness of the mi n e r a l s . Leaching 

of the s t i b n i t e by a c a u s t i c s o l u t i o n was s u c c e s s f u l up to 60 % 

e x t r a c t i o n but f u r t h e r l e a c h i n g w i t h f r e s h s o l u t i o n brought l i t t l e 

b e t t e r e x t r a c t i o n . E l e c t r o l y s i n g t h i s s o l u t i o n i s a p o s s i b l e means 

of r e c o v e r i n g antimony and i t met w i t h a f a i r degree of success i n 

the l a b o r a t o r y . A f l o t a t i o n concentrate w i t h a r a t i o of co n c e n t r a t i o n 

of 4 : I , c a r r y i n g 80 % of thegold and 94 fo of the s i l v e r can be made. 

The f o l l o w i n g t a b l e i s the r e s u l t of f l o t a t i o n t e s t s and 

shows the values of gold and s i l v e r as a r s e n i c and antimony increase. 

% A r s e n i c . Oz. gold/ton. % Antimony. Oz. S i l v e r / t o n 

2.4 2.48 1.7 2.8 
3,3 1.84 3.3 9.1 
5.9 2.40 7.4 16.1 
7.6 2.96 8.9 17.7 
8.2 3.28 10.2 16.0 
9.6 5.04 15.8 43.5 

II . 9 4.08 16.0 94.8 
II.9 5.44 22.0 65.0 
12.7 4.32 22,8 113.5 
12.9 6.08 28.8 108.0 
14.0 5.99 39.2 122.9 
15.7 6.00 47.0 144.7 

This group of r e s u l t s was chosen at random from over f i f t y 

f l o t a t i o n t e s t s and t h e r e f o r e show the general r e l a t i o n as i n d i c a t e d . 



Conclusions. 

A general r e l a t i o n between arsenopyrite and gold e x i s t s 

but d i s c r e p a n c i e s show that i t i s not d i r e c t . 

The r e l a t i o n between s t i b n i t e and s i l v e r seems evident but 

i t cannot be proven or disproven u n t i l the r e l a t i o n of s i l v e r to 

t e t r a h e d r i t e and p o s s i b l e l e a d minerals i s shown. 

The presence of such a l a r g e amount of antimony i n t h i s ore 

prevents any p r o f i t a b l e use of cyanide treatment. 

The extremely f i n e f r a c t u r e s and v e i n l e t s i n t h i s ore 

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

i n t e r f e r e g r e a t l y i n o b t a i n i n g a c l e a n t a i l i n g . 
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