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This report describes the results of mineralogical
of copper ore which wers received from Cordilieram Engineering
Limited,

Tn his letter of January 8, 1968, lr. J.W. Stellexry

auvthorized us to proceed with a preliminsry testing
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a, Chemical Analysas
o } Divect Assays, 9% Galc. %
Lype ; Total Cu  Gxide Cu S %% Total Cu
1 Sulphide Orve I 0.42 0.0% 1.51 0.39
2 Oxide Ora l 0.48 0.28 0.90 0,44
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Summary = Ccnbinued

Figures are approximate:

H - High
¥ = Not lLooked
NG - Rlewmeuts looked for but not found

¥ineraleo
Z. Mineralcg

s
L e

Chaleopyrite was the only copper mineral identified im the

sulphide ore. Grain size varied frem less than § to greater than 60
microns. Yree grains were smaller then 35 microns (400 mesh). In
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mixed grains, the chalcopyrite was mostly associated with non-m

gangee rather than with pyrite.

The oxide sample contained 7
Approximately 40 perceni of ithe chalcopyrite and muc

rirmmed with irecn oxide.
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Fine veinlets, believed to contain galena and sil

in both samples.

3. Flotation

A high ratio of councentraticon was attained wit

L3

(sulphide) cra. Best results were achieved in test 10 in which the core

was ground to approximately 78 percent minus 200 mesh, and rougher and

scavenger concentrates waere recovered., The rough

cleaned five times; cleaner tailings were combined with the scaven




Summary = Continued

concentrate

zground to essentially 100 parcent minus 270 mesh. The
reground product wes cleaned three times,

Predicted recoveries for varicus grades of comncentrate were as

7]

£follow
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Grade of Concentrate % Recovery
% Cu Cu
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pper. For example, in

Saine silvey was. recovered with the co

4
4

vate contained 2.39 ounces

the chalcoe

pyrite from s:

xanthate. The problem was pavtially overcome by using 2 minimwun amount

0f ethyl xmanthate, by the use of lime and sodium silicate, and by

repeated cleanings.
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the conceatrate.
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the cleaner tailings could be recovered without
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Summary = Ccniéinued

Only two tests were done on the onide ore due to the limited
quantity available. Foor results were obtained. 1In test 7, 33.1 percent

of the total copper was recovered in a concentrate which assayed 8.40

percent copper. Uadoubtedly the grade of concentrate could be improved
by further testing if more material had been available. Significant

“ 3

improvament in recovery by flotation may not be possible due to the large

excentage of cxide copper in this oxe.
i 4

- Reagents used in test 10 were as follgws:

Reaagent
Lime ~ Ca(Cil}, 136
thate (Z-4} C.l4
ietso Granular - ¥a; Si0, . BH;O 0.50

included)
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Summary - Continued
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5, Power Consumpt!

The calculated net power expended in grinding the minus 10

mash roll-czushed sulphids ore to 78 percent minus 200 mesh was 6.2

kilowatt=hours per ton (test 1C}. The power expended in regrinding

the scavenger concentrate was not determined; however,
swmall because less than 5 percent of the rougher flotation feed was

reground,
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NERALOGY

Antroduction

Sample'" respsc

samples concis
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2+ Determination of the ore mineral gxaln size.

3. Determination of ore mineral association with respact Lo

tified were chalcopyrite and

a mineral galena were also

prasent. ‘9he chalcopyrite exhibited two distiﬁmtly different colours,

ourning grains of the

a difference which chowad up

copper sulphide, Pyrite was also present in both sampl

Sulphide Cre

Chaleopyrite was tha only copper mineral ideutified with

certainty in this sample. It was present as grains ranging in size fyom

smaller than 5 microns to move than 60 microns. The average grain size
35 microns. Approximately 30 percent

and such grains were smzlley

than 3% microns. Chalcopyrite cocaxeer than 35 mi

with eithex

of copper sulphide in this cssccisation was approximately 80 percent or

more with non-metallic gangue and 20 percent or less with pyrite.



Mineralogy - Continuasd

Veinlats or seams of a mineral resewbling galerna vere present.
These veinsg were too narvew for any physical tests uwader the microscepe.

.

L8,

Silver was balieved to be present in these veinle

Ozide Cre

Chalcopyrite and malachite were the only two copper minerals

identified. Cuprite may bave beep present., The ratio of chalcepyrite
to malachite was estimated to ba 4:1. The malachite grain sizes vanged

M

from smallexr than 5 to 40 microas and the chalcopyrite grain sizes ranged

from smaller than 5 to_greater than 100 microns. The average gvain size
for 50 percent of the chaleepyrite was estimated to be 30 to 35 microns.

o
Approximately 40 percent of the copper sulphide and much of the pyrite

was rimmed with iron oxide. The oxide rims varied jin thickness f£rom

in the

Veinlets cf ga

coarser grains.



SAMPLE PREPARATICN

Seventy pounds of sample Fo. 1 and fiftecen pounds of

sample No. 2 were received on January 18, 1948. These weve

The samples had been originally crushed to approximately
1/8 inch, ¥ifty pounds of the . 1 sample and all the Mo, 2
hing to pass a 10 mesh Scryeen.

semple was reduced by roll crus

It then was mixed and riffled into 1000 gram charges fox testiag

mained after these tests. ALl the Ho. 2 sample was used,



Test Nes. 1 and 2
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DETATLS OF TESTS

Purpose: Preliminary tests on the No. 1 sample to d
liberatica size,

Procedure Grind and £loat a series of copper rougher

Feed: Two 1000-gram chavges of minus L0 mesh sam

Grinds: 10

Conditions:

anl 20 minut fe
(28 pounds steel) for tests 1

solids in

tas at B0 parcen 1
1t 2 respec

o

concentrates

ple No. 1.
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Reagenks Added
hT v
¥a, Co.

Time, mined
Cond., ;bz

N

ro an
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e

8.2
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ik Methyl isobutyl

Stage
Tlotatdicn Cell
Speed: C.p.m.

°% Solids

carbinol

Rougher Flotation
1000 gram D-1
17690

16

al Resulis - Test No, 1

L Weight Assays, % Distribution
Products o o Cu Cu
Cu Oouncentrate 1 5.4% 6.30 &7.08
Cu Concentrate 2 Z.51 0.70 4.45
Cu Gongcentrate 3 2.66 G.25 1.69
Flotation Tailing 89.36 0.03 6.78
Head (calculated) 100.00 0.4 100,00

.98 4,54 91.53
10,64 3.47 93.22
1 S oL Rt S S T A PR
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Test Nos. 1 and 2 - Continued

Metallurgical Results - Test No. 2

2y Weight Assays % Distribution
Products e = ‘-'; ays, % t !
L]
> V) ;
% Cu Cu

(ae]
O™ IV 0O W

°

Cu Concentrate 1
Cu Concentrate 2 4,77
3

Cu Concentrate
Flotation Taili

[ A I o I OV
o B =l

ed 84.98

He ad (caleulated) 100.00 0.41 100.00

e A P S g A 5 TR TS - = EE—— g

Caleulated Crades and Recoveries

Concentrates 1 + 2 1617 3.69 91.55

Concentrates 1 to 3 : 14.52 2.64 93.77

" Comments: Rougher veccveries were about FCd“1 in tests No. 1 and 2,
indicating that a primary grind to approximately 78 percent
may be satisfactory. Rougher Oo::epL?aLﬂ“ were very low ina
E,a.h(.:.ee

Screen Analvses of Flotation Feed

Test No. 1 Test No. 2
Mesh Size % Retained % Passing ined % Passing
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Test Ho. 3

Purposge: - To investigate the effect of cleaning the cembined rougher
concenty

i

T
[
€ay i
o

3

Procedure: Grind, flost a rvougher concentvate and clean the concentrate

Feed: 2000 grams of minus 10 mesh sample No. 1.
Grind: 20 mipnutes at. 60 percent solids in thes ball mill.

Conditions:

Reagents Added, 1bs/ten

stage : ;e i ol
B N3,00, | Z-6 | MIIC -
R e e e s g L B B 8 AN B A -I
Grind e w - 20 - - -
Rougher Float = = 0.C5 - 2 3 8.3

{
Rovgher Fleoat (
Rougher Fleat (

1
P

lst Cleaning {
{

= s U G, L ~

ED £33 2 3 B B 00 B8 €3 0T 4 BT OF 43 Gal o £ 0% @6 SPGB O8 €8 Ay S TRem G0 M0 S5O0 O A uw D G e €3 G0 0 GF s T AD O E3 L3 00 Them I A €5 0D AT 40 S e 60 6
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on Cleaning
sam D=1 250 gram D-l
1060

Stage” Flotati
Flotation Cell 100C gz
Speed: r.p.m. 1700
% Solids 33
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Test No.

Metallurgical Results

Products =

Assays,

9 Distribution

Cu

caner Concentrate
r Taildng
Tailing

i 2 3 =%
Tailing

0.0z8

Head (calcuiated)

0.40

&G.00
4.59
5,19
3.71
6051

100.00

B Sy vy 3

Calculated Grades and Racoveries

after 2

after 1

Conec.
Conc.,
Rougher Concentrate 6.85

Comuents :

improved con
normal con




Test No. 4

Purpose:

=015 -

To repeat test
before cleaning

No. 3, but regrind the rougher concantrate
<

Procedure: Grind, flezt a rougher concentrate, regrind the concentrate
and clean three times.
Feed: 2000 grams of minus 1O mesh Srmple No. 1.
Grind: 20 minutes at 60 percent solids in the ball mill.
Conditions:
Reagents Added, 1bs/ton Time, minutes :
Stage iy o, - A RS PH
Ha, CO; l Z-b HMIRC GrindiCond. | Froth
: ol S EOETIC = -
Grind 1.0 - - 20 - - -
Rougher Float (1) - 0.05 0.05 - 2 3 8.3
RO”SLGT Fleoat (2) - 0.05 0.0 - i 3 =
Roughex Flest (3} - 0.05 0.0 - 1 3 -

10

Ro. Couc. Regrzud - = - - w -
1st Cleaning (1} - 6.01 .02 - % Z =
(2) - 0.01 - - 1 2 -
2nd Cleaning - - 0.901 - 1 3 -
3rd Cleaning - = 0.01 - 1 Z -
Stage Roughing Concentyrate Regrind
Equipment 1060 gram 5-1 Pebble Mill
Speed: r.p.m. 1700 (10 1bs. pebbles)

’

% Solids

Stage
Flotation Cell
Speed: r.p.m.

33

2nd and 3xd
250 grem p=-1
1000

lst Cleaning Cleanings
5006 gram D-1

1300
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Test No. 4 - Continued

¥etallurgical Results

Froducts

Weight Assays, % Distribution
% Cu Cu

=

~f
5+

Cu Cleaner Concentrate 2.4h 13.46 83.19
3rd Cleaner Tailing 0,24 3.84 2:51
2nd Cleancy Tailing 0.52 1.65 2.16
1st Cleaner Tailing 4,18 0.2¢9 3.04
Rougher Tailing 92.50 0.04 2.30

Head (calculated)

et
o
o
=]
O
o
v
[
(]
]
<
'
3
[
o

ke

Caleulated Grades and

Cone, after
n

Comments:

e e e ; : i__m_}
Cleanings .70 12.60 35,50
canino 5

22 b 10.84 87.66
.40 i 4.88 90.70

A modest improves
examination
trates contains sil ;

which was mostly fvce, or almosi free, of sulphides,
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Test No. B

S Gy

Proceduve:

To investigate the effect of using a more seleciive

collecter and of splitting the fleat inte a rougher and
scavengar circuit, cleaning each separately. Lime was

SLbstltuted for soda ash a2nd the pH was raised,

Grind, fleat a rougher and a scavenger concentrate, Clear
the zougher concentrate three times, ccmbipe the clesaner
td1311'3 with the scavenger coucentrate and clean three

Two 2000-gram 1.

Each 2000 grams ground for 40 minutes at 60 percent solids
in the ball mill.

times,

samples of minus 10 mesh sample Ho.

o Reagents Added, 1LJ/*0u ?ime, minutes ol
3 Ca(OH), | Z-4x ] HMIBC Grind|Cond. | Froth ¥

Grind

Rougher Fleoat

B T R T e R e e

lst Rp.
2nd Ro.
3rd RBo.

gt Geav,

(1) -
() *

Scavenser Fleat

Cleaning
Cleaning
2 LBt L
Cleaning - - -
e s s i g D S

Cleaning (1)

1.9 - - &0 =
0. 02 0.05 - &
i
1

0.02 - -

(1) - 0.05

(2) - 0. 05

0.05 - - - 2

0.05 - - - 2
0.005 - 1

o o % € TP DS S P 0D AR S5 e

G.01 - 1
0.01 = i)

= e0 £ €3 e B

]
]

bt Sl R LGS SR C I o I A

P L L o &z

=

CoaGmeeTeALNESNROOCWoERDEE S e S U S T D3 ST 63 6D OB £ D

G.10 = = = &

2 2
(2) - 0.01 0,005 - 1 z -
2 2
1

2nd Scavu Glea.ing 0. 05 = - - 11.0
3xd Scav. Cleaning - - - - 1% -

Stage
Flotation Cell
Speed: x.p.m.
% Solids

Stage
Flotation Cell
Spasd: r.p.u.

b

Roushing Rougher Cleaning
2000 gram D-2 250 gram D-1

ist Scav. Cleaning 2nd + 3»d Scav. Cl.
500 gram D-1 250 gram Del

1200 050

Sodiuvm Ethyl Xanthate
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Test No, 5 - Continued
Metaliurzical Result
J Jeig 8yS %o Distributi
Seadiets II:ﬁht éis S, % Distribution
/2 % Cu Cu
I. Rougher Cleanar Conc. 1.16 26.00 77.90
2. Scavenger Cleaner Cone, 1.02 2.7% 7.3t
3. 3rd Scav, Clesner Tail, 0.2% 2.98 1.99
4. 2nd Scav. Cleaner Tail. 0.52 2.38 3,20
5. lst Scav. Cleaner Tail. 3.56 0.43 4.05
6. Rougher Tailing 93.38 0.023 .55
Head (calculated) 105,00 0.39 100.60
Calculated Grades and Recoveries
- A § v .,——ni

Products 1 4 2 .18 1513 8521
Products 1 o 3 Z.Ad 13.84 87.20
Products 1 to 4 2.96 11.82 90.40
Products 1 to 5 6.62 552 Q4.45 i
Comments s A marked improvenent in ivity was achieved when

the rouzher concentrate Leanad, lesning was

relatively insffective on the scavenger productes aftey

the first stage.




Test No. b

Purpese:

Procedure:

Feed:.
Grind:

Conditions:

- 19 .

To repeat test No. 5, except combine the rougher and
scavenger concentrates and regrind before cleaning.
A slime depressant alse to be used.

Grind, f£loat a zoughser concentrate, regrind the councen-
trate and claan threz times.

Tuc 2000-gram samples of minus 10 mesh sample No., 1.

(r7]

Two 40-minute grinds at 60 percent solids in the ball mill.

Stase Reagents Added, lbs/ton Time, minutes o
.4 Harki A [ 'S 3" Taae o aon & oy ] tea i £
& Ca(CH), R-620 & I L=< I MIBC | GrindlCond, |Troth

6 B 43 e A S5 AT ST T D o) G3 LD €3 €3 €5 70 = ED P O &0 & 00 e W 8D 3% ool e

Conc. Regrin
ist Cleaning

2nd Cleaning
3rvd Cleaning

4th Cieaning

g, S P e A e A5 T e A A\ T A g T Sl S e TR

o
"
]

=

Letn ]

¢.02 | 0.03 = 2 & 08
2) - ~ 002 1} = - Lz -
3) - - 0.03 & * 1 3 =
43 - - 0.05 | 0.01 - & -

]
0.1 - - - -

CI‘ L] 01:-‘ = Lol & =

.
e 0.05 i = %

2
8
¢
-
&

L0 2 B A L )
2

3 9.5
2% 9.6
8.0

s o - a—— o R b




Test No. & - Continued

Metallurgical Results

a2

25 e Weight Assave, | % Distribution
Products % % e ta
Cleaner Comcentrate 0088 26.19 60.59
4th Cleaner Tailing 0.3 11,21 10.69
3xd Cleaner Tailing Oa;: 5.:33 T
2nd Cleaner Tailing 0.76 2.96 5.92
lst Cleaner Tailing 3.97 Q.73 Vbl
Rougher T 1]iﬂg 93.48 0.03 T ot
Head (ca7c ilated 100.00 0.38 160.00

‘-\.71_‘.-'

Cﬂiﬁuiade Grades and Reco

i B S 5 e TP o R 4180 R T

Conc. after 3 C 1.24
Cone. after 2 Cle 1.79
Conc., alter 1 ¢l Z2.:55
Roughexr Concenira 6.52

egrinding
datrim
the gangue to

Commenis

‘.
L

of the total co
tal., Pwughuh 60
sny extent

-

16.78 {
12.66

.85 i 7
5.40 i

o T T R A SR R R

entrate appeared to be
not appear to dzpress

2
92,

1.38
0,10
3002

! 30 e s w2

e e b e



Test No, 7

Yurpose:

Procedure:

Feed:

Crind

Conditions:

To investigat
from the oxid

Grind and flo:
clean the co
tailings
concentrat

three tine

ﬁr‘

Stage

&l

g
® o

ot
{53

331

oS
=]

o

da
-

o

P

aagents Add

ad,

5
LS

i

o

per cent

Lime, minuvtes

Ca{OH}Bi Z=4 | MIRC | Ne Z-6 | Grind uoaa,g'roth
S i it s - - et et ‘..._
o (1) - 0.02 0,03 . - z z
eh {2) - 0.02| - - - 1 2
lat Eo Cie*ﬂirﬂ 0.10 - - - - - 3 £
2nd Ro. Cleaning 0.05 | - ~ ~ - - 3 1%
cav, . - - 0.2 - - 4 -
Scav, - 0,02 - i 3
Scav, ~ = 0,01 - - 1 3 {
Scav. o - - - G.2 - 4 4
st Scav. Cl s : g0t o0 Jaur | - - 4 Bbi ]
2nd Scav, Cleaning | 0.05 |} « - - - - 3 3 i
31d s Scavs €l A (015 ALTRIE - - = 3 Z ;
Stage Roughing + Scav,
Flctation Cell 2000 gram D-2 -1
Spead: r.p.m. 1160
% 3olids 30 >




Test No. 7 - Continued

Metallurgical Results

Products Hef;ght Assays,_ % % Distr iba.u_:ioa
% Cu Czide Cu Cu Ozide Cu

1. BRougher Cleaver Conc, 0.84 7:e9 2 4.12 =

2., Scavy. Cleaner Conc. 0.78 9.56 - 17.21 -

3. 3vd Scaw. L. Tailing 0.09 8.69 - 1.80 -

4-; 2‘1\-!- uct Ve C]..s Tai] iﬁg Oc35 3&6? e 2&95 -

$. 1st Scc-v Gl. Tailing 3.96 1.30 - 11.88 -

6. Final Tailing ©3.98 0.24 0. 17 £E2.04 57l

Head (calculated) 160.00 G.43 0.28 -100,00 =

Lalculated Grades and Recoverie

Products 1 + 2 1.62 8.38 - 3133 -

Products 1 to 3 1.7% §.40 - 33:13 -

Products 1 teo 4 2,06 I 787 - 36.08 - '

Products 1 to 5 6.02 3.45 - 47,96 -

Coments:

Screen Analys

T

= Tadl
. Tajling

Mesh Size % Retained < Passing
(Tyler) dividaal Cumulative G letive

+ 100
150
PALH
270

o

ol o W s SUR AL IS

@

(EURG L L5 5 R S e

OO O

el " &

O OOy 00 U1 B

i
325 . 16. 3.
= 325 8‘ s 10 o =
Tetal 100.0 = o
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Tes"c No, 8

Purpose:

procedure:

Feed:

Grind:

Conditions

Reagents Added, 1bs/1 on Time, minutes
Met so .
Stage Ca(0H), Z-4 MIBC Gran. & Grind Cond. Froth pH
Grind 1.0 80
Rougher Float (1) 0.02 0,03 2 2
{2} 0.02 0.01 * 1 2
Scavenger Float (1) 0.04 0.005 1 3
<2) 0.04 0,005 1 3
1st Ro. Cleaning 0.05 2 2 10.4
2nd Ro. Cleaning 0.05 7 Ik 10.7
3rd Ro. Cleaning 0.005 ? |
Scavenger Regrind 0.01 0.03 15
Ist Scav. CI. (1) 0.25 0.005 1 2 1009
(2) ) 0.01 0.005 1 7
2nd Scav. Gleaning 0,05 3 z 10.4
3rd Scav. Cleaning 2 1 10.7
0.05
& Metso Granular - Na,Si10,.5H"0
Stage Ro, and Scav. Ro. Cleaning. Scav. Regrind
Equipment 2000 g D-2 250 g D-1 Pebble Mill
Speed: r.p.m, 1100 950 (10 Ibs. pebbles)
% Solids 30
Stage I1st Scav. Cl. 2nd & 3rd Scav. Cl.
Flotation Cell 500 g D-1 250 g D-1
Speed: r.p.m. 1250 950
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To repeat test No. 5, but regrind the scavenger products
before cleaning, reduce the amount of xanthate used in
the rougher flotation and to test sodium silicate as a
gangue depressant.

Grind, float a rougher concentrate and a scavenger concen-
trate. Clean the rougher concentrate three times. Combine
the cleaner tailings with this scavenger concentrate, regrind
and clean three times.

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

Bach 2000 gram charge ground for 40 minutes at 60 percent
solids 1in the ball mill.



