
An I n v e s t i g a t i o n o f 
THE RECOVERY OF COPPER 

f r o m s a m p l e s 
s u b m i t t e d b y 

CORDILLERAN ENGINEERING LIMITED 
P r o g r e s s R e p o r t No. 1 

6 8 0 3 1 9 



An Investigation of 
THE RECOVERY OF COPPER 

from samples 
submitted by 

CORDILLERAN ENGINEERING LIMITED 
Progress Report No.l 



An I n v e s t i g a t i o n of 

THE RECOVERY .03? COPPER 

from samples 

submitted by 

CORDILLERAS ENCIPHERING . LIMITED 

Progress Report No.l 

P r o j e c t No, L oR 0 1174 

NOTE: 
This report r e f e r s t o the samples as r e c e i v e d . 
The p r a c t i c e of t h i s Company i n i s s u i n g r e p o r t s of t h i s nature 

i s t o r e q u i r e the r e c i p i e n t not to p u b l i s h the r e p o r t or any part thereof 
u i t h o u t the w r i t t e n consent of L a k e f i e l d Research of Canada L i m i t e d . 

LAKEFIELD RESEARCH OF CANADA LIMITED 
L a k e f i e I d j Ontario 

A p r i l 4, I96S 



1E1 & Q. Q Q £ 11Q E 

This r e p o r t describes the r e s u l t s of m i n e r a l o g i c a l 

examinations and p r e l i m i n a r y f l o t a t i o n t e s t s on two samples 

of copper ore which were r e c e i v e d from C o r d i l l e r a n Engineering-

L i m i t e d , 

In h i s l e t t e r of January 8, 1968, Mr. J.W. S t o l l e r y 

a u t h o r i z e d us t o proceed w i t h a p r e l i m i n a r y t e s t i n g program 

on these samples, as o u t l i n e d i n our proposal of November 24, 

1967. 



S U M M A R Y 

1. Head Analyses 

Sample 
No, Type D i r e c t Assays, % 

T o t a l Cu Oxide Cu s 
. C a l c . 
% T o t a l 

£ 
Cu 

1 
2. 

Sulphide Ore 
Oxide Ore 

0,42 0.01 
0*48 0.28 

1.51 
0,90 

0.39 
0.44 

ix C a l c u l a t e d from average f l o t a t i o n t e s t heads. 

b. Sen i -• Qua u t i fcative Spcctrographj.g, A?:e*;y„sis 

Sample Sample Sample Sample 
1 ]. 2 

Antimony ND ND Phosphorus m ND 
A r s e n i c HD ND Platinum m ND 
Barium ,05 % .05 % Rhenium X X 
B e r y l l i u m (BeO) ND ND Rhodium ND ND 
Bismuth ND ND Rubid?Limi X X 
Borosi ND ND Ruthenium ND ND 
Cadmium ND ND S i l v e r .1 oz/t .1 os/t 
Cerium (Ce0 2) ND ND Strontium ND ND 
Caes ium ; X X Tantalum (Ta.*^} ND ND 
Chromium .01 % .01 % T e l l u r i u m ND ND 
Cobalt .005 % .005 % Th a l l i u m ND ND 
Columbian ( C b 2 0 5 ) ND KD Thorium (ThO;,) ND ND 
Copper 1 % 1 % T i n ND ND 
Gallium .001 % .001 % Titanium 1 % 1 % 
Germanium ND. ND Tungsten ND ND 
Gold ND ND Uranium ( U 3 0 c ) ND ND 
Hafnium ND ND Vanadium .02 % .02 % 
Indium ND KD Y t t r i u m ( Y 2 0 3 ) ND ND 
I r i d i u m ND ' ND Zinc KD ND 
Lanthanum ( L a 2 0 3 ) ND ND Zirconium (ZrQj) .01 % .01 % 
Lead .1 % .05 % ROCK FOILING METALS 
Lit h i u m ( L i 2 0 ) m KD Aluminum ( A 1 2 0 3 ) 30 % • 30 % 
Manganese • .05 % .05 % Calcium (Cao) 5 % 1% 

Mercury ND ND Iron (Fe) 5% 5 % 
Molybdenum . 002 % .001 % Magnesium (MgO) 5% 5 % 
Keodymium {Sd2O3) NO ND S i l i c a ( 3 i 0 2 ) H H 
N i c k e l .005 % .005 % Sodium (Ka ?0) 2 % 11% 
palladium ND ND Potassium ~(K20) 2 % Z% 



Summary - Continued 

Figures are approximate: 

Code 

H - High 
X - Not Looked For 
ND **• Elements looked f o r but not found 

2. Mineralogy 

C h a l c o p y r i t e was the only copper m i n e r a l i d e n t i f i e d i n the 

s u l p h i d e ore* G r a i n s i z e v a r i e d frcia l e s s than 5 t o g r e a t e r than 60 

microns. Free g r a i n s were smaller than 35 microns {400 mesh). In 

mixed g r a i n s , the c h a l c o p y r i t e was mostly a s s o c i a t e d w i t h n o n - m e t a l l i c 

gangue r a t h e r than w i t h p y r i t e . 

The oxide sample contained malachite as w e l l as c h s l e o p y r i t e . 

Approximately 40 percent of the c h a l c o p y r i t e and much c f the p y r i t e was 

rimmed w i t h i r o n o x i d e . 

Fine v e i n l e t s , b e l i e v e d to c o n t a i n galena and s i l v e r , were seen 

i n both samples. 

3. F l o t a t i o n 

A h i g h r a t i o of c o n c e n t r a t i o n was a t t a i n e d w i t h the No. 1 

( s u l p h i d e ) ore. Best r e s u l t s were achieved i n t e s t 10 i n which the ore 

was ground t o approximately 78 percent minus 200 mesh, and rougher and 

scavenger concentrates were recovered. The rougher concentrate was 

cleaned f i v e times; c l e a n e r t a i l i n g s were combined w i t h the scavenger 



Summary - Continued 

concentrate and rewound to e s s e n t i a l l y 100 percent minus 270 mesh. The 

reground product was cleaned three times. 

P r e d i c t e d r e c o v e r i e s f o r v a r i o u s grades of concentrate were as 

f o l l o w s : 

Grade of Concentrate % Recovery 
% Cu Cu 

20 88.0 
24 84,5 
28 79=5 
30 . 65,0 

Sane s i l v e r was.recovered w i t h the copper« For example, i n 

t e s t 8 the rougher (primary) cleaner concentrate contained 2.30 ounces 

of s i l v e r per ton. 

The major problem i n f l o t a t i o n was i n s e p a r a t i n g the c h a l c o ­

p y r i t e from s i l i c e o u s gangue, which appeared to be r e a d i l y a c t i v a t e d by 

xanthate. The problem was p a r t i a l l y overcome by u s i n g a minimum amount 

of e t h y l xanthatej by the use of lime and sodium s i l i c a t e - and by 

repeated c l e a n i n g s , Nevertheless, c l o s e t o 15 percent of the copper 

re p o r t e d i n the c l e a n e r t a i l i n g s ( t e s t 10) - Further test: work.should be 

c a r r i e d cut to determine whether a s i g n i f i c a n t p o r t i o n of the copper i n m 

the cleaner t a i l i n g s c o u l d be recovered without d i l u t i n g the concentrate a 
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Summary - Continued 

Only two t e s t s were done on the oxide ore due to the l i m i t e d 

q u a n t i t y a v a i l a b l e . Poor r e s u l t s were obtained. In t e s t 1, 33=1 percent 

of the t o t a l copper was recovered i n a concentrate which assayed 8.40 

percent copper. Undoubtedly the grade of concentrate c o u l d be improved 

by f u r t h e r t e s t i n g i f more m a t e r i a l had been a v a i l a b l e . S i g n i f i c a n t 

improvement i n recovery by f l o t a t i o n may not be p o s s i b l e due t o the l a r g e 

percentage of oxide copper i n t h i s ore. 

4» Reagents 

Reagents used i n t e s t 10 were as follows.: 

Amount 

Lime - Ca(0H) 2 1,35 

E t h y l Xanthate (2-4) 0.14 

Metso Granular - Na 2S10 3 . 5 % 0 0.50 

Methyl I s o b u t y l C a r b i n o l (MIBC) 0.06 

(reagents used f o r second scavenger concentrate not included) 



Summary - Continued 

5. Power Consumption 

The c a l c u l a t e d net power expended i n g r i n d i n g the minus 10 

mesh r o l l - c r u s h e d s u l p h i d e ore t o 78 percent minus 200 mesh was 6.2 

ki l o w a t t - h o u r s per ton ( t e s t 10}» The power expended i n r e g r i n d i n g 

the scavenger concentrate was not determined; however, t h i s was very 

s m a l l because l e s s than 5 percent of the rougher f l o t a t i o n feed was 

reground, 

LAKEPEELD RESEARCH 0? CANADA LIMITED 

A„G 0 Scobie, P. Esig. 

Manager • 
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MINERALOGY • 

Introduc t i o n 

Two samples l a b e l l e d "Sulphide Head Sample" and "Oxide Head 
Sample" r e s p e c t i v e l y were r e c e i v e d f o r micro s c o p i c examination, The 
samples c o n s i s t e d of minus 10 mesh m a t e r i a l * 

P o l i s h e d g r a i n mounts r e p r e s e n t a t i v e of each sample were pre­
pared f o r m i c r o s c o p i c examination. The purpose of the examination was 

1. I d e n t i f i c a t i o n of the copper m i n e r a l s . 
2. Determination of the ore m i n e r a l g r a i n s i z e , 
3o Determination of ore m i n e r a l a s s o c i a t i o n w i t h respect to 

g r a i n s i z e . 

Copper M i n e r a l i z a t i o n 

The only copper minerals i d e n t i f i e d were c h a l c o p y r i t e and 
ma l a c h i t e . Fine v e i n l e t s and s t r i n g e r s of a m i n e r a l galena were a l s o 
present. The c h a l c o p y r i t e e x h i b i t e d two d i s t i n c t l y d i f f e r e n t c o l o u r s , 
a d i f f e r e n c e which showed up d i s t i n c t l y i n adjourning g r a i n s of the 
copper s u l p h i d e . P y r i t e was a l s o present i n both samples. 

Sulphide Ore 

C h a l c o p y r i t e was Che only copper mineral i d e n t i f i e d w i t h 
c e r t a i n t y i n t h i s sample* I t was present as g r a i n s ranging i n s i z e from 
s m a l l e r than 5 microns t o more than 60 microns. The average g r a i n s i z e 
was estimated t o be between 25 and 35 microns., Approximately 30 percent 
o f the c h a l c o p y r i t e appeared to be f r e e , and such g r a i n s were smaller 
than 35 microns. C h a l c o p y r i t e coarser than 35 microns was a s s o c i a t e d 
w i t h e i t h e r n o n - m e t a l l i c gangue or p y r i t e i n mixed g r a i n s . D i s t r i b u t i o n 
of copper s u l p h i d e i n t h i s a s s o c i a t i o n was approximately 80 percent or 
more w i t h n o n - m e t a l l i c gangue and 20 percent or l e s s w i t h p y r i t e . 
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Mineralogy - Continued 

V e i n l e t s or seams of a mineral resembling galena were present. 
These v e i n s were too narrow f o r any p h y s i c a l t e s t s under the microscope. 
S i l v e r was b e l i e v e d t o be present i n these v e i n l e t s . 

Oxide jDre 

C h a l c o p y r i t e and malachite were the only two copper minerals 
i d e n t i f i e d , , C u p r i t e may have been present. The r a t i o of c h a l c o p y r i t e 
to malachite was estimated to be 4:1. The m a l a c h i t e g r a i n s i z e s ranged 
from s m a l l e r than 5 to 40 microns and the c h a l c o p y r i t e g r a i n s i z e s ranged 
from s m a l l e r than 5 t o .greater than 100 microns. The average g r a i n s i z e 
f o r 60 percent of the c h a l c o p y r i t e was estimated t o be 30 t o 35 microns. 
Approximately 40 percent of the copper s u l p h i d e and much of the p y r i t e 
was rimmed w i t h i r o n oxide. The oxide 'rims v a r i e d i n t h i c k n e s s from 
submicron t o 10 microns. 

V e i n l e t s of galena or galena plus s i l v e r , were present i n the 
coarser g r a i n s . 
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S^gLE_^EPARATIOH 

Seventy pounds o£ sample No. 1 and f i f t e e n pounds of 

sample No. 2 were r e c e i v e d on January 18, 1968, These were 

assigned L a k e f i e l d reference No» 6818389. 

The samples had been o r i g i n a l l y crushed to approximately 

1/8 i n c h . F i f t y pounds of the No. 1 sample and a l l the Ko« 2 

sample was reduced by r o l l c r ushing to pass a 10 mesh screen. 

It then was mixed and r i f f l e d i n t o 1000 gram charges f o r t e s t i n g 

and a n a l y s i s . 

Approximately eighteen pounds of the No. 1 sample r e ­

mained a f t e r these t e s t s . A l l the No. 2 sample was used, 
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DETAILS OF TESTS 

Test Nos. 1 and 2 

Purpose: 

Procedure: 

Feed: 

Grinds: 

G o n d i t i o n s : 

Stage 

P r e l i m i n a r y t e s t s on the No. 1 sample to determine the 
l i b e r a t i o n s i z e . 

G rind and f l o a t a s e r i e s of copper rougher concentrates. 

Two 1000-gram charges of minus 10 mesh sample No. 1. 

10 and 20 minutes at 50 percent s o l i d s i n the b a l l m i l l 
(28 pounds s t e e l ) f o r t e s t s 1 and 2 r e s p e c t i v e l y . 

C o n d i t i o n i n g 
Cu Concentrate 1 
Cu Concentrate 2 
Cu Concentrate 3 

Reagents Added, pounds per ton 
Na 2G0 3 Z-6 ii 

0.05 
0.05 
0.05 

MIBC isk 

0.05 
0,02 
0.02 

Time, minutes 
Cond. F r o t h 

8.2 

£ Potassium amyl xanthate 
ink Methyl i s o b u t y l c a r b i n o l 

Stage 
F l o t a t i o n C e l l 
Speed: r.p.m. 
% S o l i d s 

Rougher F l o t a t i o n 
1000 gram D-l 
1700 
16 

MetallurgisaX Results - Test No. 1 

Products Weight Assays, 
% Cu 

% D i s t r i b u t i o n 
Cu 

Cu Concentrate 1 5.47 6.30 87.08 
Cu Concentrate 2 2.51 0.70 4.45 
Cu Concentrate. 3 2,66 0.25 1.69 
F l o t a t i o n T a i l i n g 89.36 0 e03 6,78 

Head ( c a l c u l a t e d ) 100,00 0.40 100,00 

C a l c u l a t e d Grades and Recoveries 

Concentrates 1 + 2 
Concentrates 1 to 3 

7.98 
10.64 

4 054 
3.47 

91.53 
93.22 
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Test Nos. 1 and 2 - Continued 

M e t a l l u r g i c a l R e s u l t s - Test No. 2 

Products Weight 
% 

Assays, 
% Cu 

1 
% D i s t r i b u t i o n 

, Cu 

Cu Concentrate 1 
Cu Concentrate 2 
Cu Concentrate 3 
F l o t a t i o n T a i l i n g 

5.90 
4.77 
4.35 
84.98 

5.78 
0.71 
0.21 
0„03 

83.27 
8.28 
2.2? 
6.23 

Head ( c a l c u l a t e d ) 100,CO 0,41 100.00 

C a l c u l a t e d Grades and Recoveries 

Concentrates 1 + 2 
Concentrates 1 t o 3 

10c 17 
14,52 

3.69 
2.64 

91.55 
93-77 

Comments: Rougher r e c o v e r i e s were about equal i n t e s t s No. 1 and Zt 

i n d i c a t i n g that a primary g r i n d to approximately 78 percent 
may be s a t i s f a c t o r y - . Rougher concentrates were very low i n 
grade. 

Screen Analyses of F l o t a t i o n Feed 

Test No. 1 Test No. 2 

Mesh S i z e 
( T y l e r ) 

% Ret£ 
Ind. 

i n ed 
Cum, 

% Passing 
Cum, 

% Ret; 
Ind. 

l i n e d 
Cum. 

% Passing 
Cum. 

* 48 0.4 0.4 99.6 _ « „ 

65 1.4 1.8 0.1 0.1 99,9 
100 4.0 5.8 94.2 0.6 0.7 99.3 
150 6.8 12.6 87.4 2.4 96.9 
200 8.9 21.5 78.5 4.8 7,9 92,1 
270 8.9 30.4 69.6 6.5 14.4 85.6 
325 10.3 40.7 59.3 10.3 24.7 75.3 

- 325 59.3 100,0 - 75.3 100,0 

T o t a l 100.0 100.0 - 1 -

C a l c . Net Power Expended i n Grinding Test No. 1 • 6.2 kwh/ton 
Test No. 2 ~ 12.4 kwh/ton 
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Test No. 3 

Purpose: 

Procedure: 

Feed: 

Grind: 

C o n d i t i o n s : 

To i n v e s t i g a t e the e f f e c t of c l e a n i n g the combined rougher 
concentrates. 

Grind, f l o a t a rougher concentrate and c l e a n the concentrate 
three times. 

2000 grams of minus 10 mesh sample No. 1, 

20 minutes at-60 percent s o l i d s i n the b a l l m i l l . 

Stage 

Grind 
Rougher F l o a t (1) 
Rougher F l o a t (2) 
Rougher F l o a t (3) 

1st Cleaning (1) 
(2) 

2nd Cleaning 
3rd Cleaning 

Reagents Added, l b s / t o n 
Na^COs ! Z~6 MIBC 

1.0 
0,05 
0,05 
0.05 

0.C5 

0,01 

0.01 
0.01 
0.01 

Time 
Grind 

, minutes 
Cond. F r o t h 

:o 

Stage 
F l o t a t i o n C e l l 
Spaed: r.p.m. 
% S o l i d s 

F l o t a t i o n 
1000 gram D-l 
1700 
33 

Cleaning 
250 gram D-l 
1000 



Test Ho. 3 - Continued 

M e t a l l u r g i c a l R e s u l t s 

Products Weight 
% 

Assays, 
% Cu 

% D i s t r i b u t i o n 
Cu 

Cu Cleaner Concentrate 2,55 12.58 80.00 
3rd Cleaner T a i l i n g 0.50 3.68 4.59 
2nd Cleaner T a i l i n g 0.02 2 = 54 5.19 
1st Cleaner T a i l i n g 2.98 0.50 3.71 
Rougher T a i l i n g 93.15 0.028 6,51 

Head ( c a l c u l a t e d ) 100.00 0.40 100,00 

C a l c u l a t e d Grades and Recoveries 

Cone, a f t e r 2 Cleanings 3.05 11.12 84.59 
Cone, a f t e r 1 Cleaning 3.87 9,30 89.78 
Rougher Concentrate 6 = 85 5.47 93.49 

Comments: Grade of concentrate was improved c o n s i d e r a b l y by c l e a n i n g , 
but was s t i l l w e l l below normal commercial grade. • 
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Tost No. 4 

Purpose: 

Procedure: 

Feed: 

Grind: 

C o n d i t i o n s : 

To repeat t e s t No. 3, but r e g r i n d the rougher concentrate 
before c l e a n i n g . 

Grind, f l o a t a rougher concentrate, r e g r i n d the concentrate 
and c l e a n three times. 

2000 grants of minus 10 mesh sample No. 1. 

20 minutes at 60 percent s o l i d s i n the b a l l m i l l . 

Stage Reagents Added, l b s / t o n Time, minutes —u Stage Na 2C0 3 1 2-6 MIBC Grind Cond. Fro t h ptl 

Grind 1.0 . 20 
Rougher F l o a t (1) •- 0.05 0.05 - 2 3 8.3 
Rougher F l o a t (2) - 0.05 0.01 - 1 3 -Rougher F l o a t (3) - 0.05 0.01 I 3 i 

Ro. Cone, Regrind •= 10 <* m 

1st Cleaning (1) - 0.01 0.02 - 1 2 \ 
: 

(2) 0.01 „, - 1 2 ! 

2nd Cleaning - 0.01 1 
3rd Cleaning 0.01 - 1 2 

Stage 
Equipment 
Speed: r 
% S o l i d s 

p.IQ 

Roughing 
1000 gram D-l 
1700 
33 

Concentrate Regrind 
Pebble H i l l 
(10 l b s . pebbles) 

Stage 
F l o t a t i o n C e l l 
Speed: r.p.m. 

1st Cleaning 
500 gram D-l 
1300 

2nd and 3rd Cleanings 
250 gram D-l 
1000 
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Test Ho. 4 - Conf.ir.vied 

M e t a l l u r g i c a l R e s u l t s 

Froducts Weight 
% 

Assays, 
% Cu 

% D i s t r i b u t i o n 
Cu 

Cu Cleaner Concentrate 
3rd Cleaner T a i l i n g 
2nd Cleaner T a i l i n g 
1st Cleaner T a i l i n g 
Rougher T a i l i n g 

2 . 4 6 

0 . 2 4 

0 . 5 2 

4 . 1 8 

9 2 . 6 0 

13.46 
3.84 
1 . 6 5 

0 . 2 9 

0 . 0 4 

83.19 
2.31 
2 . 1 6 

3 . 0 4 

9 . 3 0 

Head ( c a l c u l a t e d ) 1 0 0 . 0 0 0 , 4 0 l O O o O O 

C a l c u l a t e d Grades and Recoveries 

Cone, a f t e r 2 Cleanings 2 . 7 0 
Cone, a f t e r 1 Cleaning 1 3 . 2 2 
Rougher Concentrate | 7 . 4 0 

1 2 , 6 0 

1 0 , 8 4 

4 o 8 8 

8 5 . 5 0 

8 7 . 6 6 

9 0 . 7 0 

Comments: A modest improvement i/as a t t a i n e d by r e g r i n d i n g . Binocular 
examination of f l o t a t i o n products r e v e a l e d that the concen­
t r a t e s contained a c o n s i d e r a b l e amount of s i l i c e o u s m a t e r i a l 
which uas mostly f r e e , or almost f r e e , of s u l p h i d e s . 

http://Conf.ir.vied
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Test No. 5 

Purpose: 

Procedure: 

Feed : 
Gr i n d : 

C o n d i t i o n s : 

To i n v e s t i g a t e the e f f e c t of u s i n g a more s e l e c t i v e 
c o l l e c t o r and of s p l i t t i n g the f l o a t i n t o a rougher and 
scavenger c i r c u i t , c l e a n i n g each s e p a r a t e l y . Lime was 
s u b s t i t u t e d f o r soda ash and the pH was r a i s e d . 
Grind, f l o a t a rougher and a scavenger concentrate. Clean 
the rougher concentrate three times, combine the c l e a n e r 
t a i l i n g s w i t h the scavenger concentrate and c l e a n three times 
Two 2000-gram samples of minus 10 mesh sample No. 1. 
Each 2000 grams ground f o r 40 minutes at 60 percent s o l i d s 
i n the b a l l m i l l . 

Reagents Added, l b s / t o n Time, minutes 
Stage Ca(OH) 2 Z-4n Mine Grind Cond. Fro t h 

Grind 1.0 80 - • 
Rougher F l o a t (1) - 0.02 0.05 - 2 2 9.7 

w <> 0,02 - 1 2 .... 

Scavenger F l e e t (1) - 0.05 0.01 1 3 -
(2) - 0.05 0.01 1 3 « 

1st Ro. Cleaning 0.05 _ 2 2 10.5 
2nd. Ro. Cleaning 0.05 • - 2 Ik 10 ;? 
3rd Ro. Cleaning • - - 0.005 1 1 " 

1st Scav. Cleaning (1) 0.10 * „ 2 2 10.7 
(2) - 0.01 0„005 - 1 2 -

2nd Scav. Cleaning 0 S 05 • - - *> & 2 11,0 
3rd Scav. Cleaning - - - 1 Ik 

Stage 
F l o t a t i o n C e l l 
Speed: r.p.m. 
% S o l i d s 

Roughing 
2000 gram D-2 
1100 
30 

Rougher Cleaning 
250 gram D-l 
950 

Stage 1st Scav. Cleaning 2nd -f- 3rd Scav. CI. 
F l o t a t i o n C e l l 500 gram D-l 250 gram D-l 
Spaed: r.p.m. 1200 950 

& Sodium E t h y l Xanthate 
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Test No. 5 - Continued 

Metallurgical Results 

Products Weight 
% 

Assays, 
% Cu 

% D i s t r i b u t i o n 
Cu 

1. Rougher Cleaner Cone. 
2. Scavenger Cleaner Cone. 
3. 3rd Scav. Cleaner T a i l . 
4. 2nd Scav. Cleaner T a i l . 
5. 1st Scav. Cleaner T a i l . 
6. Rougher T a i l i n g 

1.16 
1.02 
0.26 
0.52 
3 , 6 6 

93.38 

26.00 
2,77 
2.98 
2.38 
0.43 
0.023 

77.90 
7.31 
1.99 
3.20 
4.05 
5.55 

Head {cal c u l a t e d } 100.00 0.39 100.00 

C a l c u l a t e d Grades and Recoveries 

Products 1 + 2 
Products 1 to 3 
Products 1 to 4 
Products 1 to 5 

2,13 
2.44 
2.96 
6.62 

15.13 
13.84 
11.82 
5.52 

85.21 
87.20 
90.40 
94,45 

Comments: A marked improvement i n s e l e c t i v i t y was achieved when 
the rougher concentrate was cleaned. Cleaning was 
r e l a t i v e l y i n a i r f a c t i v e on the scavenger products a f t e r 
the f i r s t stage. 
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Test No, 6 

Purpose: To repeat t e s t No. 5, except combine the rougher and 
scavenger concentrates and r e g r i n d before c l e a n i n g . 
A s l i m e depi-essant a l s o to be used. 

Procedure: Grind, f l o a t a rougher concentrate, r e g r i n d the concen­
t r a t e and c l e a n three times. 

Feed:- Two 2000-gram samples of minus 10 mesh sample No. 1. 

Gr i n d : Two 40-minute g r i n d s at 60 percent s o l i d s i n the b a l l m i l l 

C o n d i t i o n s : 

Stage Reagent 
Ca(0H) 2 

s Added, 
R-620 t, 

Lbs/tor 
Z-4 | MIBC 

Tim( 
Grind 

i , mini 
Cond. 
• 1 • 1 • 

ites 
F r o t h pH 

Grind 1,0 „ 40 
Rougher F l o a t (1) - 0,20 0.02 0.03 2 2 Q A 

/ o f 

(2) - « 0.02 - 1 2 
(3) 0,05 i 3 -
(4) - - 0.05 0.01 - ... 

6onc. Regrind m • ~= 15 « « 

1st Cleaning (1) 0.1 - 3 2 9.9 
(2) - 0.005 0.005 - 1 2 , , 

2nd Cleaning - - - 1 9 = 5 
3rd Cleaning 0.05 - - 2 2^ 9.6 
4 t h Cleaning - 0.05 

j ̂  __, 
» 5 2 9.0 

6 Cyanamld Reagent 620 
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Test No. 6 - Continued 

Metallurgical Results 

Products Weight 
% 

Assays, 
% Cu 

% D i s t r i b u t i o n 
Cu 

Cleaner Concentrate 0.88 26,19 60,69 
4 t h Cleaner T a i l i n g 0,36 11.27 10.69 
3rd Cleaner T a i l i n g 0,55 5,33 7=72 
2nd Cleaner T a i l i n g 0.76 2.96 5-92 
1st Cleaner T a i l i n g 3.97 0,73 7.61 
Rougher T a i l i n g 93.48 0.03 7,37 

Head ( c a l c u l a t e d ) 100.00 0.38 100.00 

C a l c u l a t e d Grades and Recoveries 

Cone, a f t e r 3 Cleanings 1.24 21.86 71,38 
• 5 

Cone, a f t e r 2 Cleanings 1,79 16.78 79,10 
Cone, a f t e r 1 Cleaning 2.55 12,66 85.02 
Rougher Concentrate 6.52 

,„., 
5.40 92.63 

Comments: Regrinding of the t o t a l concentrate appeared to be 
d e t r i m e n t a l . Reagent 620 did. not appear to depress 
the gangue to any extent . 
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Test Ho, 7 

Purpose: 

Procedure: 

Feed: 

Grind: 

To i n v e s t i g a t e the p o s s i b l e grade and recovery of copper 
from the oxide ore sample. 

Grind and f l o a t the sulphide copper i n a rougher concentrate, 
c l e a n the concentrate t w i c e , Combine the rougher and cl e a n e r 
t a i l i n g s and attempt t o f l o a t the oxide copper i n a scavenger 
concentrate by s u l p h i d i z i n g . Clean the scavenger concentrate 
three times. 

Two 2000-gram charges of minus 10 mesh sample No. 2. 

Each 2000 gram charge ground f o r 40 minutes at 60 percent 
s o l i d s i n the b a l l m i l l . 

C o nditions 

Stage Reagents Added, lbs / t o a Timi i , minutes Stage Ca(GH) z Z-4 MIBC MaHS 2-6 Grind Cond, Froth pa 

Roughing (1) - 0,02 0.03 - 2 2 7,6 
Roughing (2) - 0,02 - - 1 2 
1st Ro* Cleaning 0 . 1 0 , - - 3 2 1 0 , 1 

2nd Ro. Cleaning 0 , 0 5 - 3 ik 1 0 , 2 

Scav, C o n d i t i o n i n g 0.2 - 4 m 8,2, 
Scav, Cone. 1 - - 0 . 0 2 0 , 0 2 5 1 3 
Scav. Cone, 2 - - 0 . 0 1 - 0 o 0 2 5 - 1 3 -
Scav, Cone. 3 - ... T 0.2 0 , 0 5 - 4 4 -
1st Scav, Cleaning 0 . 0 1 0 , 0 1 0.1 - 4 5 9.0 
2nd Scav. Cleaning 0.05 - - • 3 3 9.5 
3rd Scav. Cleaning 0.05 - • 3 2 9 , 9 

Stage 
F l o t a t i o n C e l l 
Spaed: r.p.m. 
% S o l i d s 

Roughing + Scav 
2000 gram D-2 
1100 
30 

Cleanings 
250 gram n - l 
950 
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Test Ho* 7 - Continued 

Mata1lurg i c a X R e s u i t s 

Products Weight 
% 

Assays, % 
Cu Oxide Cu . 

% D i s t r i b u t i o n 
Cu Oxide Cu-

L Rougher Cleaner Cone, 0*84 7.29 14.12 . ~ 
2 o Scav. Cleaner Cone. 0.78 9 56 - 17.21 
3. 3rd Scav. CI. T a i l i n g 0.09 8.69 1.80 
4. 2nd Scav. C l . T a i l i n g 0.35 3,67 2.95 
5. 1st Scav. C l . T a i l i n g 3.96 1.30 11,88 
6. F i n a l T a i l i n g 93,93 0.24 0.17 52.04 57,1 

Head ( c a l c u l a t e d ) 100.00 0,43 0,28 100 o00 •= ; 

C a l c u l a t e d Grades and Recoveries 

Products 1 +• 2 1,62 8,38 31.33 
Products 1 to 3 1,71 8 ^ 4 0 - • 3 3 t 13 
Products 1 to 4 2,06 7 , 5 9 3 6 . 0 8 
Products 1 t o 5 6,02 3 o 4 5 47.96 

Consents: Recovery and s e l e c t i v i t y were poor. Much malachite was 
observed i n the t a i l i n g . Attempts t o s u l p h i d i s e and f l o a t 
i t were not success£ul. Much i r o n oxide was evident. 

Screen Analysis on Flotation Tailing 

Mesh S i z e % Retained % Passing 
( T y l e r ) I n d i v i d u a l Cumulative Cumulative 

4- 100 0 = 2 0.2 99,8 
150 1.3 1.5 98.5 
200 4.3 5.8 94.2 
270 5.8 11.6 88.4 
325 5.0 ' 16.6 83.4 

- 325 83.4 100 D0 

T o t a l 100,0 -
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Tes'c No, 8 

Purpose: To repeat t e s t No. 5, but r e g r i n d the scavenger products 
before c l e a n i n g , reduce the amount of xanthate used i n 
the rougher f l o t a t i o n and to t e s t sodium s i l i c a t e as a 
gangue depressant. 

procedure: Grind, f l o a t a rougher concentrate and a scavenger concen­
t r a t e . Clean the rougher concentrate three times. Combine 
the c l e a n e r t a i l i n g s w i t h t h i s scavenger concentrate, r e g r i n d 
and c l e a n three times. 

Feed: 

Grin d : 

Two 2000"gram charges of minus 10 mesh sample No. 1. 

Bach 2000 gram charge ground f o r 40 minutes at 60 percent 
s o l i d s i n the b a l l m i l l . 

Conditions 

Re a gents Added, 1bs/1 on Time, minutes 

Stage Ca(0H) 2 Z-4 MIBC Met so 
Gran. & Grind 

i 
Cond. F r o t h pH 

Grind 
Rougher F l o a t (1) 

{2} 
Scavenger F l o a t (1) 

<2) 

1.0 
0.02 
0.02 
0.04 
0.04 

0,03 
0.01 
0.005 
0,005 

* 

80 
2 
1 
1 
1 

2 
2 
3 
3 

1st Ro. Cleaning 
2nd Ro. Cleaning 
3rd Ro. Cleaning 
Scavenger Regrind 
1st Scav. C l . (1) 

(2) 
2nd Scav. Gleaning 
3rd Scav. Cleaning 

0.05 
0.05 

0.25 

0.05 

0.01 

0.01 

0.005 

0.005 
0.005 

0.03 

0,05 

15 

2 
7 
tj 
1 
1 
1 
3 
2 

2 
Ik 

I 

2 
7 
z 
1 

10.4 
10.7 

10o9 

10.4 
10.7 

& Metso Granular - Na 2Si0 3.5H^0 

Stage Ro 0 and Scav. Ro. Cleaning. Scav. Regrind 
Equipment 2000 g D-2 250 g D-l Pebble M i l l 
Speed: r.p.m, 1100 950 (10 l b s . pebbles) 
% S o l i d s 30 

Stage 
F l o t a t i o n C e l l 
Speed: r.p.m. 

1st Scav. C l . 
500 g D-l 
1250 

2nd & 3rd Scav. C l . 
250 g D-l 
950 
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Test No. 8 - Continued 

Me t a 1 l u r s i a a 1 Re suit, s 

Products Weight 
% Cu 

Assays, 
Mo 

% 
Vh Ag& 

% D i s t . 
Cu 

1, Rougher C l * Cone. 1.15 26,12 oas 0.02 2.30 78,11 
2, Scav. Cleaner Cone, 0,14 7,18 2.63 
3. 3rd Scav. C l . T a i l . • 0.24 4.69 - 2.94 
4. 2nd Scav. C l . T a i l . 0.78 2.51 - 5.10 
5* 1st Scav. C l , T a i l . 4.35 0.35 3.95 
6. F l o t a t i o n T a i l i n g ! 93.34 0,03 - 7.27 

i 

Head ( c a l c u l a t e d ) 100.00 0.39 - 100.00 

— — — — — — — — •—' — — • — — — — — - • — — — - 1 J 

Products 1 I- 2 1=29 24.07 - 80=74 
Products 1 to 3 1.53 21.03 - 83.68 
Products 1 to 4 2.31 14.78 - 83.78 
Products 1 t o 5 6 = 66 5.35 - 9 2 - 7 3 i 

Comments: Scuie improvement was evident i n the scavenger f l o t a t i o n 
although the grade of scavenger concentrate was s t i l l low. 
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T e s t Mo. 9 

Purpose: 

Procedure: 

Feed; 

Grind : 

C o n d i t i o n s 

To i n v e s t i g a t e the e f f e c t of d o s l i m i n g p r i o r t o f l o t a t i o n 
on the oxide ore sample No. 2. 

Grind, d i l u t e t o 8 l i t r e s , c o n d i t i o n w i t h d i s p e r s a n t , a l l o w 
t o s e t t l e f o r 10 minutes and siphon o f f s l i m e s . T r a n s f e r 
sands t o f l o t a t i o n c e l l and f l o a t a rougher concentrate, 
and c l e a n the concentrate once. 

2170 grams of minus 10 mesh sample No. 2. 

43% minutes at 60 percent s o l i d s i n the b a l l m i l l . 

Reagents Added, pounds per ton 

Stage Ca(0II) 2 

Mat so 
Gran. 2-6 NaUS MIBC 

Grind 0.5 0.5 to 

De3li.me - - „ 
Ro. F l o a t (1) •• 0.C4 0.05 

(2) - - 0.04 0:5 0,02 
(3) - - 0,04 0.3 0.01 

1st Cleaning 
1st Cleaning (1) 

(2) 
(3) 

2nd Cleaning (1) 

0,1 

0.25 

0,1 
0.1 
0.1 
0.1 
o a 

,005 
.005 
0 o01 

STrn 

3.0 

Z-4 

Time, minutes 

Grind 

43% 

Cond. Froth pH 

8,4 
8.2 

0.02 
0.02 

9.8 

9.4 
11.3 

Note: No concentrate was taken from the second c l e a n i n g . 
Excess hydrosulphide appeared t o depress a l l m i n e r a l s . 

Stage 
F l o t a t i o n C e l l 
Speed: r.p.m. 

Roughing 
1000 gram 0-1 
1800 

Cleaning 
250 gram D-l 
1000 

& Sodium t r i p o l y p h o s p h a t e 
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'Test Ho. 9 - Continued 

Products Weight 
% 

Assays, 
% Cu 

% D i s t r i b u t i o n 
Cu 

Cleaner Concentrate 1.03 3.97 9.14 
Cleaner T a i l i n g 2.25 4.12 20.72 
Slimes 22.72 0„73 37.03 
Rougher T a i l i n g 74.00 0.20 33.06 

He a d ( c a l c u l a t e d ) 100.00 0.45 100.00 

C a l c u l a t e d Grades and Recoveries 

Rougher Concentrate 3.23 4.07 
T a i l i n g + Slimes 96.72 0.32 

Comments: Heavy l o s s e s of copper occurred i n the slimes and i n the 
f l o t a t i o n . The copper was e v i d e n t l y overground. Extensive 
t e s t i n g would probably be r e q u i r e d t o make a s a t i s f a c t o r y 
concentrate w i t h reasonable recovery. 
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Test No, 10 

Purpose: To repeat t e s t Eo* 3 on sample No. 1, but w i t h a coarser 
primary g r i n d ; more c l e a n i n g stages and w i t h more sodium 
s i l i c a t e , 

Procedure; 

Feed: 

Grind: 

Grind; f l o a t a rougher concentrate and two scavenger 
c o n c e n t r a t e s c Clean the rougher concentrates f i v e times, 
combine the cleaner t a i l i n g s w i t h scavenger concentrate 1, 
r e g r i n d and clear, three times. Reserve scavenger concentrate 
2 f o r assay only. 

Two 2000-gram charges of minus 10 mesh sample No. 1, 

Each 2000 gram charge ground f o r 20 minutes at 60 percent 
s o l i d s i n the b a l l m i l l . 

C o n d i t i o n s : 

Stage 

Grind 
Ro, F l o a t (1) 

(2) 

Scav. Cone 1 

Scav, Cone, 2 

Reagentn Added, l b s / t o n 

Ca(0H): 

1st Ro. Cleaning 
2nd Ro, Cleaning 
3rd Ro, Cleaning 
4 t h Ro. Cleaning 
5th Ro. Cleaning 
Scav. Regrind 
1st Scav. C l . (1) 

(2) 
2nd Scav. C l . 
3rd Scav. C l . 

1,0 

0,05 
0.C5 

0 o25 

2-4 

0.02 
0.02 
0.04 
0.04 

MIBC 

0.03 

0,01 
0,01 
0. 01 

. j -
0,005 

0,01 !0,005 

3/ton Time, minutes 

z-6 Met so Grind Ccnd. Fro t h pH 
Gran. 

pH 

40 - 2 2 10.0 
- - - 1 2 -- 1 3 - 1 3 « l 

0,04 - 1 3 

• { 
*•> •A 2 2 10,5 - - 2 Ik 10.7 - 0.10 - Z 1 9.8 
- 0.10 z 1 — 
- .-- 1 1 7.0 
m 0.20 15 
- 1 2 10,6 - 1 2 -
> 0.10 i m - 2 10.0 - \ " - » 9.6 

Note: 

Stags 
F l o t a t i o n C e l l 
Speed: r.p.m, 
% S o l i d s 

3rd Ro. C l . Cone, contained much s i l i c a w i t h minor gsngue 
attachments, T a i l i n g very high i n gangue. 

Ro. + Scavenger 
2000 gram D~2 
1100 
30 

Cleanings 
250 grai-j D-l 
950 
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L A K E E I E L D R E S E A R C H O P C A N A D A L I M I T E D 
L A K E F I E L D , O N T A R I O 

C A N A D A 

(flerttttraf? n f Atta lgsta 

From: Cordilleran Engineering Ltd. 
400 - 837 West Hastings Street 
Vancouver 1, B.C. 

Samples submitted to us show results as follows: 

Date: December 9, 1968 
Received: : 

Our Reference No. L.R. No.1174-10 

Invoice No.. 804̂  

• \ 

Test No.10 Products 1-4' % MoSg ' Au ,02/ton As 02/ton 

Rougher Cleaner Concentrate 0.012 

Scavenger Cleaner Cone. 0.058 

Scavenger Cleaner Tail (3) 0.15 

Scavenger Cleaner Tail (2) 0.09 

0.020 

0.050 

0.05 

0.060 

2.48 

3.90 

2.04 

0.90 

T o : Mr. A.F. Reeve (2) SIGNED. 

^fnatyiU. end crf-naylng - <zA/[ine.iaf ^^toaciilng tzf^zi-zaxak 

A.G. Scobie/"PTEfeng. 
CPltok CP fa nt Unvzitigatiom 
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Test Mo. 1 0 - Continued 

Products Weight 
% 

Assays, 
% Cu ; 1 ft 

& 

! 
fit 
; 

% D i s t r i b u t i o n 
Cu 

1 . Rougher Cleaner Cone, 
2. Scav. Cleaner Cone. 
3. 3rd Scav. C l . T a i l i n g 
4. 2nd Scav. C l f l T a i l i n g 
5. 1st Scav. C l . T a i l i n g 
6. Scav. Concentrate. 2 
7. F l o t a t i o n T a i l i n g 

0 . 7 9 

0 . 2 3 

0.14 
0 . 5 5 

3 . 4 5 

1 , 2 7 

9 3 . 5 7 

29-85' 
22.30^ 

^4Vi4' / 

'0.51 '* 
0,21 
0.02 

* 

A 

i 

ft 

& 

! 
fit 
; 

65.26 
14=20 

3 . 4 3 

6 o 3 1 

4 . 8 7 

0.75 
5.18 

Head ( c a l c u l a t e d ) 100.00 0 , 3 6 100.00 

C a l c u l a t e d Grades and Recoveries 

X Products 1 + 2 1 . 0 2 79 ,45 . 
products 1 t o 3 1.16 2 5 . 8 2 8 2 . 8 9 

Products 1 to 4 1 . 7 1 1 3 . 8 5 8 9 . 2 0 

Products 1 t o 5 5 , 16 6 , 5 9 9 4 . 0 7 

Products 1 to 6 6 , 4 3 5 , 3 3 9 4 , 8 2 

Comments: Recovery i n the rougher (primary) c l e a n e r concentrate was 
qu i t e h i g h , d e s p i t e the coarser primary g r i n d . An even 
coarser primary g r i n d may be f e a s i b l e . Sodium s i l i c a t e 
appeared t o be h e l p f u l i n depressing gangue. 

Screen A n a l y s i s - 1st Scav. C l . T a i l a 

Mash S i z e 
( T y l e r ) 

% R i t a 
I n d i v i d u a l 

ined 
Cumulative 

% Passing 
Cumulative 

+ 150 
2 0 0 

2 7 0 

325 
- 325 

0=1 
0 a 3 

0,5 
2,1 

9 7 . 0 

0 o l 

0 . 4 

0 . 9 

3.0 
100,0 

9 9 . 9 

9 9 . 6 

9 9 . 1 
9 7 - 0 

T o t a l 100*0 . 
1 

-

I n v e s t i g a t i o n by: I.e. Edwards^ P. Bag. 
R0W, Deane 
c.w. Payne 

L a k e f i e l d Research of Canada L i m i t e d 
L a k e f i e I d , O n t ario 
A p r i l 4, 1963 / tag 



L A K E F I E L D R E S E A R C H O P C A N A D A L I M I T E D 
L A K E F I E L D , O N T A R I O 

P.O. BOX 430 . CANADA PHONE 053-3341 

A p r i l 4, 1968. 

Mr. J.W. S t o l l e r y , P. Eng., 
Vi c e - P r e s i d e n t , 
C o r d i l l e r a n Engineering L i m i t e d , 
400-837 West Hastings S t r e e t , 
VANCOUVER 1, B r i t i s h Columbia. 

Dear Mr. S t o l l e r y : 

We are pleased to enclose s i x copies of our Progress Report 
No. 1 on an I n v e s t i g a t i o n of the Recovery of Copper from samples of 
Sulphide and of Oxide Ore, submitted by you on behalf of C o r d i l l e r a n 
Engineering L i m i t e d , A d d i t i o n a l copies of the report w i l l be s u p p l i e d 
i f needed. 

These p r e l i m i n a r y t e s t s i n d i c a t e that the sulphide ore i s 
qu i t e ainmenable to co n c e n t r a t i o n , and that a concentrate assaying 25.82 
percent Cu w i t h a recovery of 83 percent of the copper may be obtained 
w i t h a reasonably simple flowsheet and w i t h a r a t i o of c o n c e n t r a t i o n of 
86:1. Further work may show that a p p r e c i a b l e a d d i t i o n a l recovery could 
be r e a l i z e d from the cleaner t a i l i n g . The oxide copper ore d i d not 
respond w e l l t o f l o t a t i o n and f u r t h e r t e s t i n g would be r e q u i r e d to 
improve grade and recovery i n d i c a t i o n s . 

We would be i n t e r e s t e d i n your comments on these t e s t s , and 
we w i l l r e t a i n a l l t e s t batches and products and w i l l not proceed w i t h 
f u r t h e r t e s t s u n t i l we hear whether you wish t o continue w i t h a d d i t i o n a l 
work at t h i s time. 

Yours very t r u l y , 
LAKEFIELD RESEARCH OF CANADA LIMITED 

AGS:tmg 
E n d . 

A.G. Scobie, P. Eng., 
Manager. 



A p r i l 10, X96S 

l9T..^^^P.^o^^A^a.^Rrn^cal Tent 

Cxmalicd assay rejects were sampled* Xiio rejects arc 
stored i n 15# bans each representing 10 foot of d r i l l core or 
cur face channel aa^-loa* 

TliO netnllur^ical samples vrero taken by ecoopini" an 
equal measure of rock Croci oach ba#. 

fiaanle..i"l - 75 pounds of d r i l l core. 
i l l hole #1 13.0 < to 250' 

H ii £1 280 * to 356* 

H it £5 to yo* 
n tl #6 to 170» 

li II #3 140* to 2S0* 

g^mplQ Hp* - Surface toatorial channel ©axajjlca 
Sourco - Cut #S~3 « 0* to 110* 


