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A STUDY OF THE HEDLEY MASCOT 

MILL TAILINGS 

A. INTRODUCTION 

The problem which most concerned the w r i t e r when 

under tak ing a s tudy of the Hedley Mascot M i l l T a i l s was 

the r e l a t i v e quan t i ty of g o l d which occurs i n the p y r r h 

o t i t e and a r s e n o p y r i t e . Previous workers had shown d e f i n i t e l y 

that the n o n - m e t a l l i c gangue minera l s c o n t a i n approx imate ly 

15% o f the g o l d . Fur the r , i t was p r e v i o u s l y b e l i e v e d , but 

not proven, that the p y r r h o t i t e held a sma l l e r -proport ion 

of th© remaining g o l d than the a r senopyr i t e • To throve the 

above hypothes is i t was necessary to make a c l e a n s e p a r a t i o n 

between the p y r r h o t i t e a id a r s e n o p y r i t e and assay each* 

Dr* H*V. Warren poin ted out that the p y r r h o t i t e could be 

separated by a magnetic f o r c e . D r . Smith o f the U n i v e r s i t y 

Phys i c s Department s u p p l i e d the w r i t e r w i t h seve ra l types 

of e l e c t r o - and permanent magnets, and a f t e r some e x p e r i 

menting, the s m a l l horseshoe A l n i c o peimanent magnet was 

found to be the rtgemrt of the c o l l e c t i o n * Four such magnets 

were par chased by the Department of Geology, and the w r i t e r 

designed the apparatus to be descr ibed i n t h i s r epo r t* 

A 2000 gram sample of the Heaiey Mascot M i l l T a i l was 

screened, i n f r a - s i z e d , m a g n e t i c a l l y t r e a t e d , and super-

panned f The va r ious products were assayed for go ld* 



B . SCREENING. 

The 2000 gram sample was screened by the wet method 

through a T y l e r 200 mesh s c r e e n . Gaudin p o i n t s out i n 

h i s l a t e s t hook that when dry-screened , e l e c t r o s tat i c charges 

and s m a l l q u a n t i t i e s of moisture tend to make the f i n e l y 

ground m a t e r i a l dBhere, and s e v e r a l s m a l l p a r t i c l e s s t i c k i n g 

together w i l l not pass through a sc reen wh i l e the i n d i v i d u a l 

p a r t i c l e s would pass through £he s c r e e n . Compared w i t h a 

p rev ious d ry - sc reen a n a l y s i s made on t h i s m a t e r i a l , the d r y -

sc reen ing produced 15% -200 s i z e , and the we t - sc reen ing p r o 

duced 81^ -200 s i z e . Gaud in f s i n f o r m a t i o n , t he r e fo re , i s 

advantageous i n t h i s p a r t i c u l a r study* The + 200 s i z e was 

d r i e d and screened w i t h the mechanical T y l e r sc reens . The 

weights of the screened products and P e r c e n t o f t o t a l 

weight are shown on Table I . 

(1) Gaud i n , A . M . , P r i n c i p l e s of M i n e r a l Dre s s ing , F i r s t 
E d i t i o n , 1939* pp.6l-62. 



0. INFRASIZING 

The -200 mesh product was i n f r a - s i z e d i n t o seven 

p roduc t s . The average diameters of the p a r t i c l e s fo r each 

product were as f o l l o w s : 

1. -72 microns 

2. + j>4 mic rons . 

J>. + 40 m i c r o n s . 

4* + 28 microns . 

j>. +20 m ic rons . 

6. +14 microns 

7. +10 m ic rons , 

iiiach product was assayed f o r g o l d . 

D. MAGNET 10 SEPARATION, 

(a) I n t r o d u c t i o n . 

P y r r h o t i t e , "being magnet ic , may be separa ted from 

other non-magnetic or l e s s magnetic m a t e r i a l by magnetism. 

Simple experiments w i t h dry and wet m a t e r i a l were t r i e d by 

the w r i t e r and the wet s e p a r a t i o n was found to be the s imp le s t 

and b e s t . I t was found t h a t more p y r r h o t i t e could be removed 

when the wet mixture was a g i t a t e d , hence the H a u l t a i n Super-

Panner was used . The apparatus i s shown i n the accompanying 

photographs* 



\ 

An Oblique End View Of 

The H a u l t a i n Super-Panner 

With Center Board Attatchment 

Con ta in ing Magnets In lOOcc. beakers . 

A Side View Of The 

H a u l t a i n Super-Panner 

With The Center Board At ta tchment , 

P h o n o g r a p h s B H M . S . L o u q h e e o l Geo). ' ^ O Uftp . 



(b) Appara tus» 

1. H a u l t a i n Super-Panner* 

2« Center -board w i t h f i v e two- inoh holes* 

J>. Four 100 oo . pyrex b e a k e r s « 

4. Four an fill horseshoe A l n i c o magnets. 

(o) Procedure. 

The center -board was screwed f i i m l y to the Super-Panner 

t a b l e , us ing the screws whi&h o r d i n a r i l y f a s t en the water feed 

and s u c t i o n a t the head and f o o t . The A l n i c o magnets f i t t e d 

i n t o the 100 c o . beakers and were wedged on each s i d e w i th 

fo lded paper t o w e l s . The beakers were p l a c e d i n the c e n t e r -

board h o l e s . The tab le was set i n a h o r i z o n t a l p o s i t i o n , or 

a s l i g h t t i l t t o the f o o t , and water added to cove r the bottoms 

of the beakers* The product was fed at the foot o f the t ab le 

i n 100 gram l o t s or l e s s . The t ab l e was se t i n mot ion w i t h a 

moderate end bump and very slow s i d e m o t i o n . T he m a t e r i a l 

moved to the head of the t a b l e , passing under each magnet, and 

the p y r r h o t i t e c o l l e c t e d on the bottom of each beaker . The 

m a t e r i a l was removed from the head and r e - f e d at the foot 

p e r i o d i c a l l y . At var ious i n t e r v a l s the beakers were removed 

from the center -board and the p y r r h o t i t e c o l l e c t e d . This was 

accomplished by immersing the bottom of the beaker i n c l e a n 

water i n a 700 cc* beaker , l i f t i m the magnet from the s n a i l 
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beaker u n t i l the magnetic force was not s t r o n g enough to h o l d 

the p y r r h o t i t e , a l l o w i i ^ : i t to s e t t l e to the bottom* T he 

water was then decanted, and the p y r r h o t i t e d r i e d , weighed, 

and assayed* 

(d) Results*. 

A minimum recovery of 90*4 p y r r h o t i t e from the Hedley 

Mascot M i l l T a i l i n g s was m i i c k l y and e a s i l y accomplished by 

the magnetic method* As a cheeky a 500 gram batch was t rea ted 

and 6*0 grams.of p y r r h o t i t e , or 1.2% by weight , removed. The 

t o t a l p y r r h o t i t e separated from the s i z e d -oroducts amounted to 

1.08% by weight* The recovery was, t he re fo re , 90%. 

(e) Notes on the Magnetic Separa t ion* 

( i ) The Time r e q u i r e d f o r 90i Recovery* 

About 8of* of the p y r r h o t i t e was removed i n 20 minutes , 

us ing as a maximum a 200 gram charge on the tab le* The r e 

maining 20^ was recovered i n an a d d i t i o n a l one hour* 

( i i ) Main Requirements for P y r r h o t i t e Recovery . 

Freedom of movement i n the magnetic f i e l d i s e s s e n t i a l * 

Uf ing d i y sepa ra t ion methods, f o r e i g n non-magnetic m a t e r i a l 

was inc luded i n the l o o s e l y c o n s o l i d a t e d p y r r h o t i t e mass. 

'Some of t h i s may have been c a r r i e d by the general movement of 

the p y r r h o t i t e p a r t i c l e s through the powdered m a t e r i a l ; aga in , 



The p y r r h o t i t e , when r e l e a s e d , 

s e t t l e s q u i c k l y to the bottom 

of the 700cc. beaker . 

Enlargement of view Uo5. 
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i t may have "been caused by p a r t i c l e s of magnetic and non-

magne t i c . p a ^ t i o l o ^ adher ing , b ec aus e of s t a t i o elec t r io 

charges ^as suggested by Gaudin ( l ) ; or i t may have been 

caused by p a r t i c l e s adher ing because o f some mois ture on 

t h e i r s u r f a c e s . When a g i t a t e d i n a water s o l u t i o n , the s t a t i c 

charges a re d i scha rged , the p a r t i c l e s adhering by mois ture are 

f r eed , and there is l e s s o b s t r u c t i o n to the m i g r a t i o n of the 

magnetic p a r t i c l e s towards the magnet. 

A s t rong magnetic f i e l d i s necessary , because p y r r h o t i t e 

i s u s u a l l y not s t r o n g l y magnet ic . The s m a l l ^ horseshoe A l n i o o 

magnet i s powerful enough f o r t h i s requi rement . Tested r o u g h l y 

on a balance i t was found t o l i f t approx imate ly t h i r t y - * f i v e 

t imes i t s own w e i g h t . 

A s imple means fo r the quick and complete removal o f the 

p y r r h o t i t e from the permanent magnetic f i e l d i s best accomplished 

by hav ing a non-magnetic c o v e r i n g over the m e t a l . I f not 

covered, the magnetic m a t e r i a l adheres f i i m l y to the su r face 

of the magnet and must be scraped o f f . Such a -process i s slow 

and l o s s e s are l i k e l y to be h i g h . The g l a s s beakers were 

s imple and p r a c t i c a l for t h i s pur-cose, and the m a t e r i a l was 

f reed from the magne t i c f i e l d w i t h a minimum of time and e f f o r t . 

j l ) See footnote on page 2. 
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&. SUP&R -PAIJNIHTx . 

Panning was s low and s e p a r a t i o n none too good because 

o f the s m a l l a r s enopyr i t e gangue r a t i o . The a r s enopyr i t e 

t i p s were not c l e a n , but were observed under the u l t r o p a o k 

microscope and the amount of i m p u r i t y e s t i m a t e d . I n some 

t i p s the i m p u r i t y amounted to J?0fo* 

P . ASSAYING* 

The head-assays and the gsngue-assays were o r d i n a r y 

enough and the n a i l charge was u s e d . The p y r r h o t i t e and the 

a r s e n o p y r i t e assays , on the c o n t r a r y , were more d i f f i c u l t 

because of the s m a l l amounts of m a t e r i a l s . The a rgo l s charge 

was used f o r each of these* The go ld l eads from the 

p y r r h o t i t e assays were a l l ve ry s m a l l . The two l a r g e s t were 

weighed as c l o s e l y as p o s s i b l e . A l l were then weighed, t h e i r 

s i z e s were compared w i t h the two k n o m ones, and t h e i r weights 

es t imated , so that the su# of them a l l amounted to the t o t a l 

weight* The weights were a l l ve ry low, and th i s method i s 

b e l i e v e d by the w r i t e r to come w i t h i n the l i m i t s of accuracy 

o f t h i s work* Only two gold beads from the a r s enopyr i t e 

assays were la rge enough to weigh* These were from products 

3 and 4* The remaining assays are es t ima ted , and p robab ly 

somewhat h igh* 
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<*• DISCUSSION OF RESULTS* 

The m i l l t a i l i n g s assayed 0*04 ounces of gold per t o n . 

for a 2000 gram ba tch t h i s amounts to 2.741 m i l l i g r a m s of g o l d . 

The t o t a l amount o f g o l d from the head assays of the s i z e d 

products mounted to 3*442 m i l l i g r a m s , 25% h igher than the 

s i n g l e assayed amount. S i m i l a r l y the t o t a l ( p a r t l y es t imated) 

gold content from the panned products amounted to 3.334 m i l l i 

grams, 21^ h ighe r than the s i n g l e assayed amount. 

The g o l d t o t a l d i s t r i b u t i on £ir c a l c u l a t e d on the 

assumption that the l a r g e s t amount, 3.442 m i l l i g r a m s , °iS^the 

d i g e s t te c o r r e c t amount. Such a c a l c u l a t i o n l e f t a d iscrepancy 

o f 3*2% i n the t o t a l of go ld percentages , and t h i s was spread 

between the a r s e n o p y r i t e and p y r r h o t i t e i n p r o p o r t i o n t o t h e i r 

we i g h t s • 

The f i n a l c o r r e c t e d percent weights and gold percentages 

are shown i n the t ab l e below* 

P roduc t . Weight as % 
of t o t a l 

Sold 4r % of 
t o t a l g o l d . 

Gangue 9 8 . 8 7 7 8 . 6 2 

Arsenopyr i t e 0.05 20.04 

P y r r h o t i te 1 . 0 8 1.33 

1 0 0 . 0 0 100.00 



T A B L E I 

S i z e Oor. Wt. 
(grams) 

% Wt. Oz Au/ 
t o n 

Mg.Au % A u . D i s t . 
Content . 

+ 6 5 1 3 . 5 0 . 6 7 0 . 0 8 0 . 0 3 7 1 . 0 7 

+ 100 7 . 5 0 . 3 7 0 . 1 1 0 . 0 2 8 0 . 8 2 

-t- 1 5 0 6 9 . O 3 . 4 5 0 . 1 2 0 , 2 8 4 8 . 2 5 

-t- 200 2 9 4 . 0 14.70 0.08 0 » 8 0 7 2 3 . 4 4 

1 1 2 8 . 0 6 . 4 0 0 . 0 6 0 . 2 6 4 7 . 6 7 

2 270 . 5 13.52 0 . 0 6 0 . 558 1 6 . 2 9 

3 . 2 3 8 . 0 1 1 . 9 2 0 . 0 4 ( 5 ) 0 . 3 6 6 ID. 64 

4 2 0 3 . 0 1 0 . 1 5 0 . 0 5 0 . 3 4 8 1 6 . 5 8 

5 1 6 5 . 0 8 . 2 5 0 . 0 4 0.226 6.58 

6 1 5 1 . 5 7 . 5 7 0 . 0 4 0 . 2 0 8 6 . 0 4 

7 4 6 0 . 0 2 3 . 0 0 0 . 0 2 0 . 3 1 6 9 . 1 8 

2000.0 1 0 0 . 0 0 3 . 4 4 2 1 0 0 . 0 0 



S i z e Pr oduo t . Weight. 

3 

Oor.Wt. 
Grates. 

' A B I E 

Oz .Au/ ton 

I I 

Content 
Mg. Au . 

D i s t r i b u t i o n of 
P roduc t s . 

T o t a l D i s t r i b u t i o n 
S i z e Pr oduo t . Weight. 

3 

Oor.Wt. 
Grates. 

' A B I E 

Oz .Au/ ton 

I I 

Content 
Mg. Au . Wt. % Au % Wt.% Au % 

+ 65 

Ar *te 

Gangue 

-
™* + 65 

Ar *te 

Gangue 

13-5 1 5 . 5 0 . 0 8 0 . 0 3 7 0 . 6 7 5 1 . 0 7 5 

+ 100 

P y r i t B 

Ar *te 

-
-+ 100 

P y r i t B 

Ar *te 

7 .5 7.5 0 . 1 1 0 . 0 2 8 0 . 3 7 5 0 . 8 1 3 

+ 150 
F y r i t e 
Ar » t e 
Gangue 

1.50 

4 9 . 5 0 

1 .50 

67 .50 

0 . 0 4 

0 . 0 8 

0 . 0 0 2 

0 . 1 8 5 

2 .170 

97 .830 

0 , 7 0 

65.30 

0 . 0 7 5 

3 . 3 7 5 

0.058^ 

5 . 3 7 5 
+ 150 

F y r i t e 
Ar » t e 
Gangue 

5 1 . 0 0 6 9 . 0 0 0 . 1 8 7 1 0 0 . 0 0 0 6 6 . 0 5 . 4 3 3 

+ 200 
P^T j t V ̂  ̂  
Ar *te 
Gangue 

5 . 7 2 
0 . 0 7 

211 .00 

5 . 7 2 
0 . 0 7 

2 8 8 . 2 1 

0 . 0 3 

0 . 06 

0 . 0 0 6 

0 . 5 9 4 

1 . 9 5 0 
<W0Q;.2 

9 8 . 0 4 8 

0 . 7 5 

7 3 . 6 5 

0 . 2 8 6 
0.004 

14.410 

0 .174 

17.240 
+ 200 

P^T j t V ̂  ̂  
Ar *te 
Gangue 

216 .79 294.00 O.bOO 1 0 0 . 0 0 0 74.40 17 .414 

( C o n t ' d , o v e r l e a f ) 

http://Oz.Au/
http://Oz.Au/
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f A B & g I I ( C o n t ' d . ) 

S ize Product We i g h t C o r . Wt. 
Grans 

Ox.Au/ to n Conten' 
Mg. Au. 

D i s t r i b u t i o n of 
Produo t s • 

T o t a l D i s t r i b u t i o n 
S ize Product We i g h t C o r . Wt. 

Grans 
Ox.Au/ to n Conten' 

Mg. Au. i wt. 7. Au % Au % 

1 
- P y r i t 9 
A r ' t e 
Ganffue 9 5 . 5 0 

7 .95 

126.05 

0.06 

0 . 0 4 

0 .004 

0 .173 

1.530 
•* 

9 8 . 4 7 0 

1 .51 

6 5 . 5 9 

0 . 0 9 8 

6 .302 

0 .116 

5 .020 
1 

- P y r i t 9 
A r ' t e 
Ganffue 

96.45 128.00 0 . 1 7 7 1 0 0 . 0 0 0 67.10 5 .136 

2 

Puvtbo-K+e. 
r y r i t e 1 

A r ' t e 
Gangue 

2 . 8 0 
0 .16 

221.30 

2.80 
0 . 1 7 

2 $ 7 . 5 3 

0 .05 
16 .50 

0 .05 

0 .005 
0 . 0 9 6 
0 .457 

1 . 0 3 5 
0 . 0 6 3 

9 8 . 9 0 2 

0 .9C 
17 .20 
81.90 

0 .140 
0 . 0 0 8 

13.377 

0 .145 
2.785 

13 .270 
2 

224.26 270.50 0 . 5 5 8 1 0 0 . 0 0 0 100 .00 16.200 

3 - A r ' t e 
Gangue 

2.55 
0 .20 

167 .00 

2.55 
0 . 21 

2 3 5 . 24 

0 . 0 6 
8 . 7 5 
0 .047 

0.005 
0 . 0 6 3 
O . 3 8 I 

1 .065 
0 . 0 8 8 

9 8 . 8 4 7 

1 . 3 7 
1 7 . 2 0 

104 ,00 

0 . 1 2 7 
0 .010 

1 1 . 7 6 2 

0 .145 
1 .830 

11 .070 
3 - A r ' t e 

Gangue 

169 .75 238 .00 0 . 4 4 9 100 .000 122.57 13 .045 

4 
Pfrrite-
A r ' t e 
Gangue 

1 .85 
0.10 

8 5 . 0 0 

1 .85 
0 . 2 3 

200.92 

0 . 0 ? 
1 5 . 0 0 
0 .047 

0 . 0 0 5 
0.118 
0 .324 

0.911 
0 .113 

£ 8 . 9 7 6 

1 .43 
33 .90 
93.10 

0 . 0 9 3 
0.012 

10.046 

0 .145 
3 .415 
9 .405 

4 
Pfrrite-
A r ' t e 
Gangue 

8 6 . 9 5 203.00 0 .447 1 0 0 . 0 0 0 128.43 12,965 

5 . 
•gyr i te 
A r ' t e 
Gangue 

1 .49 
0.13 

137 .00 

1 .49 
0 .16 

163.35 

0 . 0 9 
23.90 

0 . 02 

0.005 
0.109 
0 .112 

0 . 9 0 3 
0 . 0 9 7 

9 9 . 0 0 0 

2 .20 
48.20 
49.60 

0 , 0 7 4 
0 . 0 0 8 
8 .168 

0 .145 
3 .165 
3 . 2 8 0 

5 . 
•gyr i te 
A r ' t e 
Gangue 

137 . 62 165 .00 0.226 1 0 0 . 0 0 0 100 .00 6 . 5 9 0 

( C o n t ' d , o v e r l e a f ) 



Size Product Waight 

T A B 

Oor.Wt. 
Grams 

1 fi I I ( 

Ox. Au/101 

O o n t ' d . ; 

i Oontenl 
Kg, Au 

D i s t r i b u 
Produe 

Wt.fo • 

t i o n of 
t s . 

Aa % 

r o t a l Dis 
Wt.fo 

i t r i b u t i o n 

6 
•gyr i to -
A r ' t e 
Gangue 

1 . 2 2 
0 . 0 8 

9 2 . 0 0 

1 . 2 2 
0 . 1 3 

1 5 0 . 1 5 

0 . 0 6 
23-10 

0 . 0 2 

0 . 0 0 2 
0.103 
0.103 

0 . 8 0 6 
0 . 0 8 6 

9 9 . 1 0 8 

1.20 
49.40 
49.40 

0 . 0 6 1 
0 .00b 
7 .508 

0 . 0 5 8 
2,£90 
2.£90 

6 
•gyr i to -
A r ' t e 
Gangue 

9 3 . 3 0 1 5 1 . 5 0 0 . 2 0 8 100.000 1 0 0 . 0 0 6 . 0 3 8 

7 

T . . ——1 1 

-gyrUse 
A r ' t e 
Gangue 

2.50 
0 . 0 5 

400.00 

2.50 
0 . 0 6 

4 5 7 . 4 4 

0.08 
4 8 . 2 0 

0 . 0 2 

0 . 0 0 7 
0 . 0 9 7 
0 . 3 1 3 

0 . 5 4 4 
0 . 0 1 3 

9 9 . 4 4 3 

2.29 
3 0 . 7 0 
9 9 . 0 1 

0 . 1 2 5 
0 . 0 0 3 

2 2 . 8 7 2 

0 . 2 0 3 
2.818 
9 . 0 9 0 

7 

T . . ——1 1 

-gyrUse 
A r ' t e 
Gangue 

408.55 .460.00 P.457 1 0 0 . 0 0 0 1 3 2 . 0 0 12 .111 

1 4 9 9 . 6 7 2 0 0 0 . 0 0 3 . 3 3 4 9 6 . 8 2 0 






