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(i)

INTRODUCTION

‘

'

'.

On November 6th 1974, six drums of DD core samples were received

from the Vangorda Creek area. As previously indicated (ILIn Colamufls

memo dated September 18th), the samples were already divided as'four

different composites: low grade, average grade, medium grade and‘

high grade. The aim of the testwork was to develop flotation techni—

ques to recover the lead, zinc and silver values of the composites.

Suggestions were made ( R.L. Coleman's memo dated September 18th) to

develop and optimize ore dressing techniques on the average grade ore

and to apply them to
the other composites. Consideration was to be ,

-

given also to the possibilities of obtainingsaleable products in the

various forms: a lead conCentrate, a‘zinc concentrate and'a bulk

concentrate, or two separate products as attempted in the present

testwork.

The purpose of this testwork was to investigate the feasibility

of making lead and zinc concentrates as separate products. This

report presents the results of nine batch tests and a quintuple locke:

test. Iron deportment was not studied in depth.



/

(ii)

The following parameters were investigated in the testwork-

— fineneSs of grind

— the effect of sodium cyanide on the pyrite depression

— the influence of sodium sulphite (zinc depressant) as a

potential activator of pyrite

- the use of sodium silicate as slime dispersant

- the use of a selective combination of lead collectors

- the flotation of lead in a lime circuit

~ the use of sodium cyanide; sulphur dioxide and lime in

combination to depress pyrite and sphalerite

-rthe levels of copper sulphate and xanthate to recover the

zinc minerals.
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SUMMARY
M

. Ik¢724 fimép'
As indicated by the mineralogical examination of the composite

and the results of flotation tests, the mineralization of the values

is relatively coarse (about 200 mesh), 93.6 per cent of lead and

92.5 per cent of zinc was sufficiently liberated to be floated, either

-\

with the lead or the zinc concentrate.

Results of a quintuple locked test did indicate the need

to regrind the middlings products to reduce the losses in the tailings

to maintain marketable grade concentrates and to avoid an excessive

contamination of zinc concentrate by the rejected'lead.' The results

of the fifth cycle were as follows:

_ ‘

ASSAY (%) DISTRIBUTION (

PRODUCT
‘

Wt . (ng) %Wt . Pb Zn Pb Zn

2nd Pb c1. Conc. 103
. 5.16 53:6 7.4 ;11;9' '9.2

2nd Zn c1. Conc. 123 6.17 3.5 '/51.8 6.1 23;},
Zn Tails "l;769 88.67 0.64 0.63 16.0. 13.5

HEAD
'

'

'

1,995 .

100.0 3.55 4.14 100.0 100.0
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'Unfortunately, the silver assays were not available at this

time, but indications (batch tests) were thatthe final lead concen—

trate would assay about 17 ounces per ton of silver and the zinc con-

centrate 1.6 ounces per ton of silver. Seventy—five per cent of the

silver would report in the lead concentrate and 6 to 7 per cent with

the zinc.

As previously established from other samples from the same

location (19767Testwork), the depression of pyrite and sphalerite

while floating the lead was a major problem with this composite.

The usual pyrite and sphalerite depressants such as sodium

cyanide, sodium sulphite (Bresent Testwork) and zinc sulphate (1970

Testwork) failed-to inhibit their floatability. However some success

was ohtained when sodium cyanide, sulphUr dioxide and lime were used

in combination. The need for sodium cyanide in this combination was

not established. An excess of this reagent in the cleaning stage of

a test did not prevent the flotation of prefloated pyrite, but the
.

use of lime with the same concentrate did depress the pyrite.

Lime is believed to be the most effective pyrite depressant for

this ore, and a certain amount of this reagent has to be added to be

effective, whatever the pH.



;3;

Resulfs of tests in whiCh some sodium silicate was used to

limit slimes coalescence were not promising. n “
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TESTWORK AND PROCEDURE

IESI NO. v-sg

A first exploratory test (V—33), using a standard approach

for this type of ore, was used. A fineness of grind of 78 per cent

minus 200 mesh was obtained with twelve minutes-offlgrinding.ti;;i y.

Substantial amounts of pyrite and zinc_(25.6 per cent of the

total zinc) were reported in the lead concentrate( 20 per cent lead

assay) when usual depressants such as sbdium cyanide (NaCNU and

sodium sulphite (Na2803) were used. The depression of pyrite and

sphalerite while floating the lead appeared to be a major problem

which was also encountered in the previous testwork carried out at

Noranda in 1970.

A lead recovery of 88 per cent compared with the figure of

previous testwork (90 per cent) obtained with a sample of similar

gradesfl

Some thirteen per cent of the total zinc was rejected in the

final tailings, which was higher than previous results (7 — 8 per cer

However a much better overall zinc grade concentrate (39 per cent Zn)

was made“
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It is remarked that a fineness of.grind of 98 per cent minus

200 mesh was previously used.
_

\

'

/

HES] N0. V—BM

In test V—34, the collector addition to the lead flotation stage

was out to 0.035 pounds per ton from 0.05, and the copper sulphate

addition to the zinc conditioning was reduced to 0.4 pounds per ton

from 0.6, since a tight froth was experienced in the previous test.

V.The results of the test showed that the grade of the lead con-

centrate was improved to some extent (24 per cent Pb) at the expense

of recovery (84.4 per cent). The contamination of lead concentrate

by the zinc was slightly reduced to 22.4 per cent of the zinc. ImproVe-

ment in the froth characteristics of the zinc flotation was noted, but

the zinc losses in the tailings increased.

3 "N0.'V—35

Increasing the addition of sodium cyanide (NaCN) to the grinding

stage (0.20 pounds per’ton), did not prevent the flotation of readily

floatable pyrite and zinc while floating the lead;



TEST N0. v-35 (CONTINUED)

Soda ash and lime were used as pH regulator in the first

and the second lead cleaning stage respectively. Indications were

that the lime was more effective than soda ash for depression of

pyrite when cleaning the lead in a high alkaline circuit. It is

noted that some sodium cyanide was used in combination with the soda

ash in the first Cleaning stage, but did not inhibit the pyrite flo—

tation.

The floatability of lead appeared to be good in the presence

of lime provided that extra collector was used.

The fineness of grind was increased to 91 per cent minus 200

mesh and the addition of sodium sulphite (Na2803) to the grind was

suppressed. Various sources suggest that sodium sulphite might activate

the pyrite of certain ores.

The lead recovery increased to 9l.9 from 88 per cent, the zinc

losses in the tailings were reduced to 9.5 per cent, but the hypothesi

with regard to the role of sodium sulphite as a pyrite activator was

not verified. Furthermore, in the absence of this reagent, the con—

tamination of lead concentrate by the floating of zinc did not increas

significantly.



IEST H0;'v¥353
. ‘

.

Duplicated on test V—35A, in test V~35B, the addition of

sodium sulphite was maintained and some sodium silicate (NaZSioj)
was added to the lead conditioner as a slime dispersant. Unfortunatel

the addition of 2.0 pounds per ton of this'last reagent brought up

the pH to 10.3._ It was decided not to readjust the pH with acidic

compounds for the lead flotation.

A primary effect of this was to promote the contamination of

zinc during the lead flotation (from 25.6 to 33.5 per cent).

Large amounts of pyrite were found to float while floating the

zinc. Since the addition of lime was not required to readjust the

pH after the lead floated, it is thought that the use of lime as pH

regulator might be of assistance to prevent the flotation of readily

floatable pyrite of this ore. The grade of the zinc concentrate

decreased to 18 per cent Zinc from 36 to 38 per cent.

IEST N0. v-35g_

This test exactly dUplicated the test No. V-33, except that

a finer grind (91 per cent minus 200 mesh) was used.



TEST N0} yéZsC (CONTINUED) ,

_Similar grades but better recoveries were obtained. A lead

recovery of 91.9 per cent compared with the figure of 88.0 and the

zinc losses in the tailings were reduced to 10 per cent from 13 per

‘cent.

IEST‘NOI”V¥:6” _

The aerofloats AF-242 and AF—404 in combinatiOn with the

xanthate R—3l7 as a booster were used to collect the lead minerals.

As a result of the use of a more‘selective combination of lead col—

lectors (in place of R—3l7 alone), the lead grade concentrate was

improved but at the expense of recovery (82 per cent only). It was

felt, however, that large amounts of xanthate could have been used

in the scavenger stage to promote the recovery.

A better balance of copper sulphate and xanthate to collect the

zinc minerals resulted in a reduction of the zinc losses in the tail—

ings to 7.5 per cent without increasing the grind. However this was

obtained at the expense of the grade which was reduced to 30 per cent

zinc.



1551 mag'V-37

The investigation of the flotation Of lead in a lime circuit

(pH = 9.5) to prevent flotation of excessive amounts of pyrite was

indicated by the results of previous tests.

A relative success was obtained if it is considered that the

reagent R—3l7 was used to collect the lead minerals. The grade of

lead concentrate increased from 20.2 to 23.9 per cent lead, but three

percentage points of recovery were lost. Only 0.15 pounds per ton of

lime was required to bring the pH up to 9.5.

{EST NO. V—E. 8

A combination of sodium cyanide, sulphur dioxide (80 soln) and
2

lime was used to depress both pyrite and sphalerite minerals during

the lead flotation. The pH was decreased with the sulphur dioxide to

5.5 for two minutes and readjusted with lime to pH 9.0. The xanthate

R—3l7 was used again to collect the lead.

As indicated by the results of the test, a significant improve—

ment was obtained. A lead concentrate grade of 27.4 per cent lead at

a recovery of 86.5 per cent was made and only 18.2 per cent of the
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TEST NO. 1-38 (CONTINUED)

zinc was reported in this concentrate. However it was noted that

_

the great floatability of pyrite persisted and that the success of

the separation would depend on the use of selective collectors for

the lead, a careful sequence of this addition, and the use of the

above liSted combination of depressants.

IESI-NQ Y-ZQ

A quintuple locked test, duplicated on the test No.V-38 pro—

cedure, was carried out to study the behaviour of middlings when re-

circulated. An adequate mass balance was achieved in the fifth cycle

and the results were as follows:

ASSAY (%) DISTRIBUTION (%)

Wt.(gms)
‘

"%Wt.
'

'Pb Zn Pb Zn

2nd Pb Cl. Conc. 103 5.16 53.6 7.4 77.9 9.2

2nd Zh Cl. Conc. 123 6.17 3.5 51.8 6.1 77.3

Zn Tails 1,769 88.67 0.64 0.63 16.0 13.5

HEAD 1,995 100.0
..

3.55 4.14 100.0 l00.0

The results indicated the need to regrind the middlings product

to obtain marketable grade product, to limit lead and zinc losses in'

the final tailings as well as to avoid an excessive contamination of

zinc concentrate by rejected lead from the lead circuit.



TFST NO." V~39 (CONTINUED)

The.lead rougher concentrate was Cleaned in a high lime cir—

cuit (pH F 11.0) to prevent the flotation of pyrite, but substantial

amounts of collectors were required to refloat the lead minerals.

\

The cleaning of the zinc rougher concentrate was performed

at pH 10.0 with lime, but it was felt that a higher pH would be

suitable to maintain the grade.

In both circuits a scavenger concentrate was floated and re—

circulated to the conditioner of the respective stages.
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PB (QILCEV‘TRATE 1.1111. 9'17ch1RATE [ATLS

PA55A1.1ZLL zalalauliE§121,
<8 x1. Dlfilfilfiflll%NCZl ASfiKL,J%?

[N PR PB N B R F M A R K S

20.0 7.08 .

88.0 25.6 1.12. 38.8 2.2 61.4 0.43 0.69 (78% 200_Nesh, standard flotation practice lead -

.

zinc ore)

24.6 8.04
'

,
84.4 22.4 1.47 35-5 3.1 61.9 0.50 0.77 (Cut R-317 to 0.05fi/T from 0.059/T in ICad,

'

_

Cut Cu504 to 0.4 from O. 6fi/T)
'

20.1 7.51 87.8 27.2 -
-

-
- 0.48 3.45 (Additional NaCN did not depress iron and Zn sulphides

.

more effectively)

20.6 7.28 91.9 26.9 0.82 36.2 1.7 63.6 0.27 0.49 (Same as V— 33 except finer grind 917 200 Mesh and

'

no N32803)

26.0 14.6 79.6 33.5 2.5 18.0 10.5 56.7 0.38 0.50 (Use of NaZSiOJ, pH 10. 4)

20.2 7.27 91.1 27.8 1.0 40.2 1.8 62-3 0.32 0.53 (Same as V— 33/35 except finer grind (917 200 Mesh)

26.13 7.54 82.0 17.8 2.6 30.4 8.5 74.7.

'

0.37 -o.39

'

(Lead £10: with AF~242,AF—404 and R~317)

23.9 7.06 88.2 22.9 1.3 33.6 2.9 68.7 0.41 0.44 (To float lead in a lime circuit pH 9.5)

27.4 7.05 86.5
'

18.2 1.5 41.7 3.0 69.4 0.42

'

0.61
.

(NaCN in combination with sulphur dioxide gas and lime)

53.6 7.4 77.9 9.2 3.5 r 51.8 6.1 77.3

-

0.64 0.63 (Quintuplc locked test)

CE/
I

'

'

.

'
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SAMEUSS

On November 6th 1974, six drums of DD core samples were

received from the Vangorda Creek area. The samples were

alreadycombined in four individual composites. The drums

weighed approximately 300 pounds each, labeled as follows:

&

LOW GRADE
- 2 DRUMS /

AVERAGE GRADE
‘.

— 1 DRUM
’

MEDIUM GRADE — 2 DRUMS
.

c
V.

HIGH GRADE
'

.- 1 DRUM
'

My,
(1"

SAMPLES PREEARATLON

The composites were crushed individually to‘4 mesh and

thirty bags (2000 gms) of each composite made up for testing.

Chemical analyses of composites are recorded Ofi Page 14.
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CHEMICAC’ANALYSES 0F COMPOSITES

COMPOSITE . ;,LQH;QBADE 8153465_6819t I f1um_61996_ _HlfiH_QBADE

Cu per cent 0.12

"

0.15 0.11 0.30

Pb per cent ’2.17 3.57”////4_ 4.08 5.38

Pb (as oxide) per cent 0.49 0.72 - 0.70
'

0.92

Zn per cent

'

3.12 4.12//’// 6.67
_

8.95

Zn (as oxide) per cent 0.13 0.15

V

0.23 0.28

Au oz./ton 0.024
,

0.028 0.031 . 0.035

Ag oz./ton =1.1
-

1.62 3 0.80 §)0.54

ca per cent 0.05
.

’0.006 0.09

5

0.12

As per cent

’

0.31 0.29 0.26

5

I

0.18

Pyrrhotite per cent 1:3;g3
.

é;é;;@ .

_3186> (Elég,

Pyrite per cent 25.97

'

34.9 _
41.49 47.16

8102 per cent 51.1. ; , 36.56 .
27.6 11.1

A1203 per cent 4.58 3.65 1.89 N.A.

MgO per cent 0.65 0.67. 0.99 ’N.A.

CaO per cent 0.97 1.53 . 1.59

I

N.A.

Fe per cent 14.? 19.2
.

21.3 24.0

S per cent 16.5 22.4 .
38.1 32.5

Insol per cent 57.8 N.A. 33.3 24.9

SPECIFIC GRAVITY'
V '5T2\) 3.3 > 4.0 4.0

\, /’
‘

,

/

”I
l

.

//
_

QO"



APPENDIX II

RESULTS AND CONDITIONS

OF INDIVIDUAL TESTS
/
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‘

+65 —
— f ~ .1. “L .>_,ln‘._

N010104 ORE DRESSING UXBORATORY
.

'

-6; + 100 2 1.0 .

W"
”“

"9'9'1‘5"

)JECT: VANGORDA DATE; NOVEMBER — DECEMBER

'

~100 + 150
10 5'0

-

'54i0"

"’~N"fi"*”""
”

I
—150 + 200 31 15.5 78.5”

QPLE No.3
AVERAGE GRADE

'

TEST NO.: v—33

'

—200 + 325 7

,

29 14.5 64.0

—

325
128 64.0

ARCH 6M8:
2000

FEARKS: Exploratory Test TOTAL 200 100.0

"

[
REAGENTS 1bs./con

Time Z r,

-.

‘_

Ming, 561103 pH INa2003 NaCN Na2803 R—3l7 Lime Cuso4 Mibc
»

-..
_ ]

--

‘

1.
..

.

ind‘ 12 71
— H 2.0 0.10 1.0 -

—

,

4
—

Cond.
.

8 _i '25. ~ H —

‘

—
— 0.05 — —

—

‘Float w10 25 8.5wl_ -
—

— — ~
~

—

Cond. 3 24
_

- l —
— —

— 0.4 0 6 1

Float 24 10.0 ‘1
—

—

,

—
4 ._

,
_

'1 I .....
-

__
1

.1

1‘
\

H 1

t

‘ L

_:a_1£1urgical
Balance I Assay Z or

02. Mon” ..

Units -2 ZDistribL tion 9

"aduct cms zwt. g Pb Zn Ag l ‘ i
Pb Zn Ag

>Conc.. 301 15.1E 20.0 7.08 8.61 * [K i 88.0 25.6 78.2

I?

_ {m
M” N

)_3331s .1997 84.97 0.48 2.141 0.43 _1fl_ _£ 3 12.0 74.4 21.8

{CORC- 131 6.6% 1.12 38.8 1.23 S g; [_
, g 2.2 61.4 4,9

.. - ..

~-
—~-—-—

3,

——-——-'--—
-

-- .
..

.l
w-....-

.
- . l

- _‘_"_

ngéls £§é§_12-_2§;§¥- O.43_‘O.69. 0.36 «~‘_ 1 1 9.8 13.0 16.9

: 1998 100.0% 3.43l 4.17 1.66 i } 100.0100.0 100.0

AD... ..
.

-_..,
.-.. ..

._1....._._.,..l..._._.._._..._ ‘
”—4-... .-..

.
_

..

. 2|
.

.. --...

. I: E 1': l I h
-_ -“

-

‘
, .' 1‘

1,1

.

i
4

,1. .
- _____11...--- ........ .1111- _- ._

_

. 1 .1

l d I 31 l ‘
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NCRANDA ORE DRESSING LABORATORY
.

—65 + 100 2 1 O.
-'

99 0

.

..

— ‘1:
~— .~.-v--.-4-—-—~--'

:"T-:"""~"

13001: VANGORDA
DATE: . NOVEMBER —

DECEMBER.
100 150

10
.

5.0
1.

_

19319.1

'_““'
"'

_

~

“150 +
200 34 17.0

~

77.0
~

gga NO.: AVERAGE GRADE

'

TEST NO.: v—34
. —200

+ 325 .
35 17.5

___

59,5

—

325 1.
119 59.5

000 CMS: 2000
'

-1-

'

-1-

33-3333 Exploratory_test including cleaning of zinc
TOTAL 200 100'0

’

REAGENTS lbs./ton

Time Z
‘

Ming. Solids pg ;wa2003 NaCN N02803 R—3l7 Lime Cu504 Mibc CF—98
,_

4

1nd
12 71 —

g 1.0 0.10 1.0 4 — _

.“
—

______

Cond. 3 25 — l —

‘

~ - 0.02 ~ — ~ —

Float 10 25 8.7 1 — — ~ 0.015 —

e 0.04 —

"0668. 3 24 —. i
— — - 0.02 0.4 0.4 — 4

-Ro Float 8 24 10.0 {‘
~ ~ — 0.005 — — i — 0.02

1 Zn 01.9. 5 10 11.0 11 1 — — 10.002 0.10 l —
~

__

0.01
-

-1-

§

.6 Zn 01.1“. 4 s 11.6 H — — — _ 0.05 ~

—. 0.01

...

--

'| .

M...
_.

:l 1......

,1_ ‘

-.

L h
-

l
.

:111urgical Balance ta Assay Z or 02. /ton H Units E! ZDistributi0n
L...— "

1 .‘ 1’;
.

:11".ch GMS ZWt. ’5 Pb Zn Ag ‘ l; E Pb Zn Ag
-

1:

'

'

"w
l

Conc. 224 11.22 g 25.6 8.04 10.68
_

, 1 1 2 84.7 22.4 74.6
11

a 26 01.0. 89 4.46 § 1.40 50 2 1.58 Q t § 1.8 55.7 4.4

..—....
——-

7|
......_«.1., I

r—v
-~——o~.-- .———...~_ ........~

5 26 01.1. 20 1.00 p 3.01 21.75 1.95 2 g i }1 0,9 5.4 1,2

1. .-

— g
'

'

1
"

H

’1.
'

; Zn 01.0. 109 5.46 1 1.68 45.0 1.65 i
_‘

I; 9 1 ,61.1 .1
5.6

— “——
—~M‘ "'

‘W‘N’A

|i

'
.7 —

U
—

i
(

;_201911T.
31 1.55 3 1.62 2.17 _1.01 S l 15 0.7 0.8 1.0

RO.'COHC. 140 7.01 g 1.67.35.5 1.51 ‘ fl 1 31 3.4 61.9 6.6-

.... L “h 3"

R0 1611s' 1633 §l1311fi 0.50 0 77_ 0.37 _§ 1
._ {ilgégwl15.7 18.8

:Z—Iflfifl I1nn'7 11 mm (1 H ’X .510 I n’) 1.31 ,
.

3‘; SELOO-O {LO0.0 100.0
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9 K501571516:
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"6103‘”. ,-_11’éight.._..r...fifnn 1.--.-. ..BL\S§3.'

-
.

"""1’6‘5 _
-

.- ‘. '_ __

f'iORAP-IDA ORE DRESSING LABORATORY ‘
.

-~65 + 100 2 1.0 —

.

99.0

'

~100 1 150 10

"

5.0
-

'

9.0.8

’ROJECT: VANGORDA DATE: ~ NOVEMBER—DECEMBER
_

1

-..__.---

-_--.-...-.-......--....
.

. .

‘
~150 + 200 33 16.5 - 77.51

,..
. . .

~200 + 325 . 2.8 24-0 ~ 53.5

33.11912 80.: AVERAGE GRADE
“Si"- 1‘0"

V—35

,~ 325 .
. 107 53.5

1112080118: 2000
‘

‘

.

..

if“; - . ,. ,

, TOTAL 200
-

100.0

.1.-h\&:<b: Exploratory test 1nclud1ng cleamng of lead.
.

--
-.

Lime better than soda ash (pH 10.5) and NaCN to depress -

‘ '”
'

.

Pyrlte- REAGENTS lbs./ton
_.

Time Z r

'

.

fi""""

1

Nine. Solids pH 1‘:22C 3%NaCN r\1212803 j‘R—317JLime _CuSO/i Mibc‘. CF98
‘

-
--

‘

. ‘

._.-....-.

mm 12 1 71 ~ '11 ~ [0.20 1.0
0

— —

»

~ ~ —

-

_

. --

-.-_

_
-

1
Pb Cond.

_

3 25 ~ H 0.1 1......" -

- WQ‘QL}
—— — ~ _ _

_

:Pb Ro Float 1,“ 9 25

3.3.2-“.
— ‘ ~

—

.-

~ «1..
- .1128. —

~~~~~~~
——

lst Pb CLF. 0 20_ 00.61"“ 0 9 3 0 10 ~ ——

_

— ~ — —
-—

233d Pb (31.1.2 4 ._.-12 12.0 H — ! —-
- 0‘05. 0 5 " "

—

7‘

“

7_n_ Cond. 3 24 — 1‘! — L —

..

— 1.0-03 0’4 0-6 -

f _

»

--

—-

—

Zn Float
‘

— 24 10.0 1‘ (T1313: Frotn) -.

"""

‘

.
.

~ :1. --

_
-

..--

-.

. l

- _

J 1_| _.

___.-..

- 1

fictaihmgical Balance 2 Assay Z or OZ/EOH'E Units .

3
ZDistribLtion --..

’Yod 6: (EMS I 201. E 121) Zn Ag ! E Pb Zn A?

1.

>

51.118-91.53... 1.6.5.1315 1 53 5 7-22 17:21 5‘
-

1-51.111 ,.5..8_,-21..1----.. .._.__.
--

nd Pb CLT.
_

112 5.60 {g 15 60 9.80‘ 7.18 ! \ E 26.0 13.6 -2019. -11--..
....-

d.

I

I“

.1
.

‘

I

:i
~—

3 '

.

‘

sc Pb 01.0. 177 8.85 ! 29 5 8.86 10 86 1 33. _ 5):- 77.8 19.1---61,..-/1-.-..--.._.“WM“...
-- -_'_

~
_

,:~__‘-“~—
- .._....___~.-

W‘
---~v—.-

.1
l

.

.st 135 01.1. 116 5.80 3'; 5.80 5.46 2.67 1 l? 1110-0 7 3 “3:04
-. -__.,-_...-.-. ---.-.-..-...._- ..

- .-

.3; ‘- ‘. . g

"a 80: Cone. 293 14.65 5: 20.13} 7 515 7 62 ,_ l H i ‘2 87.8 27.2 _--_7.1.1,.-8. -......

MW”?
2".”“

‘
'

:

-.

'ii i 12.2 2.8 25.2

é3115 1‘
“I 1706 8.54.35. i, 0.48 3, 45}__0~.4./L. ____________!___'_~__ i‘____

1 l ‘11;
7

~—~-~—~—M~-~M--' M“:
‘ '

:"“'.'"““"‘
”"—‘

W’"
'

'

100.0 100 0 100.0
'

1

212110
‘ ‘

1999 100.0 'i 3.36

4.05|_1.10_9 .” _

1 1: 1 _ -11
-___-.

1.-..“
11.--...

m...
2.....-

--..--

.. ._.--.--.

.: ““1 "IN"
-..-

.

l I! I
:



,
DCTCCH H'UJ. ’HL. '0. 0 '9‘

PAGF J8 4-...A11..€1.1.Y§..e...- “GM: .»,__11}e,1,ght_._ _-CL11II1._._._..,{..,9Z1SS}.1
‘

~ —

1 +65 “‘
-‘ {,‘L. ..--.-..1,.._.‘..__.-:._

1105111105. ORE DRESSING LABORATORY ~65 + 100 -
- -

'

““1 + 2 1.0

'

— 99.5

ROJECT: VANGORDA DATE: .
NOVEMBER—DECEMBER -

lOO 1'50
W-

_._.._ ... ~150 + 200 15 7-5 “

9'3.-.

.

‘

TIVST NO
.

_200 + 325 .

53 26.5 "" 65-(

:‘QiPLE N0.: AVER‘XGE GRADE
‘ ‘ ‘

V~31A
6"

-

325 .130
- 5-0

‘rmRCE GMS: 2000 .

"

"" ' TOTAL
15211.1-‘1RKS: Finer grind than V—35 and no Na7803 to prevent

200 100'0

activation of readily' floatable pyrite.

REAGENTS lbs./ton

Time 2
l

1

Mins. Solids 1311 3132(303 NaCN 11—3] 7 Lime JCUSO]; Mibc CF—98

Lind 1 16 71 ~ 1 —

.

0.20 —

W

— —- - —

1

’b Cond 1 3 25 _ 1 0'06..-
—

01.03 _
_ 1~ - _

i-

’b 510.»: 1 8 25 8.7_
.

~ — ~ — ~ ~ -

n
-

1

n Cond i 3 24 —- 1 -

fi

-

~

0.03 “0.4 ‘

0. ~ 0.02 ——~

n Float 1 6 24 10011 ~ _ _ ,_ _ ._ _

..

1,] -.

i 11 1 -

i

11.
- 1

1 11. 1 .
.

—‘

_

i

I
'

a - -

ctallurgica‘. Balance E Assay Z or oz. /ton 1 Units i ADistribx trion
f

roduc t CI~1S 1 21h . § Pb Zn .333 r

I 1‘ 1 Pb Zn Ag. —» «;
~

‘b Come. 1 296 1 14.845; 20.6 7.28] y - ‘ Mm91.9 26.9 M [1”
‘b Tails $1699 1 35 is; 0.32 3.451 1 1 1 8-1 73-1. _- “W-" w~~1~

{1 Conc. 1141 “7.0711 0. 2 36.2 1 11 11 7 63.6, 1;
'

;—
~

w”...
~ -~———— ---~—'-“ 1

"

1‘
.

n Tails £1558 78.091? 0.27 0.49 i ?
M 111 5.4

,_
9.5 -1-

K‘

.. «Em
------ ——

9'- ;-
—-

-‘-

'

1 1
.-

550 51995 1.00.0 3; 3.331 4.02! 1, 11 11100.0 100-0 2.1.-
~ .‘-

"

'2 I 1

.
a 1; 1 1 11 :1, “Mg”

“ “

‘

.1!
~

I

z
I

.

‘
1

1 11 ‘ s 1 11 ._

“‘“"“" 7"”
1' 31

"

' '

1 1‘: 11 I
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.

PAGE 19 1-...A11311.Y§..0_..-- GM 2 --—1‘1CJ-8hi;w—r~-‘Cmm~~-_—-.4225:
1

~—--—~ +65
'

- ~ 1
— 1 ,1 -

~ NOR/011110 ORE DRESSING LABORATORY -—65 + 100
~ ~ —

PROJECT
VANGORDA DATE: NOVEMBER—DECEMBER

”100 +1150 2 _M”1~.0
1

1

4‘

~

4.4:
44111.4“-.1. —150 + 200 15 7.5 — 9

“11011111101: GRADE 1135:? NO.: v--353
-200 + 325 .

53 7-6-5 - é

..

325 130 65.0

0,1103 0113:
2000

Egg-bums: Same as V—35A except Na28103 in Pb condit pH went

TOTAL 200 100.0

up to 10.3 from 8.2 _

‘

REAGENTS lbs. /ton

Time Z r

-

1

Mills. Solids pH NaCN NapSiO1 R—317 Lime CuSO/l Mibc (IF-08
.

1—-
,

.

r 1 1

1Grind 16 71 - 1 0.20 -— -— 4- —« . — 1-

1Pb Cond.
—

1

25 — 1 "W.
2.0 0.03 — - — —

4.1..”
1-

$405 Flnar _.

8 2,5 10.4 ,

— ~ 0 0.0.5
—

~._.. 0 m _

m-
_

12n.00nd. 3
1

24 —_, 4

~ —

0,081
— 0 a — —

1.,

-

12m Float 5 42!” 10.31 - — 0.005

1'
..__. 1

V 4.8le1» 0111011-; 010341;: ~1‘ r o)
-

_

1 ..

-

éi‘ifiCallurgical Balance 1 Assay Z or oz./ton 1 Units :1 @iispjbution 1

Froduct (3)18 201:. 1 Pb Zn 1 -4

11.1? Zn

‘Ipb Cone. 183 1 9.171 26.0 14.6 «1 1 33.5
.4

{Pb Tails 1812 90.831: 2.5 — 1 1 1 1 —

.__ 1

. 1 :1

~ 1-
_

2.1.4."

22211 Come. 251 12 5811 2.5 18.0 1 “1 1
_

1 5 5,1.

km Tails 1561 78.2511 0.38 0.50 1 1 . 1 9.8

_.o———~.»

>‘
-' it

~ 'I

‘

-— 4‘

41113180 1995 100. 0 11 3. 00 3. 99_ ,1 11* 1 11. 4111,91 m. 1....“
M1.

.

1
1g 1 11 1 11

,,,,,

:.
11

~’

1 1 1 .1: 1 15 _

- _.._.__ 1 1 1 11 e



OULUUH

PAGF 20 s-..._/.\,T1§1.Y.§;,e 6%” .--Uevi9hr—~~«rn~cw- “.11..
93851

7 +53
”

“

1.1-1: 1:..1. .11.:

1‘1ORA1‘1DA ORE DRESSING LABORATORY ~65 + 100
- ~ -

'

1

~ «100 + 150 2 1.0 -

’

90.50

OJECT: VANGORDA DATE; NOVEMBER—DECEMBER .1

“.111..-

.-.._ '“

)' ~150 + 200 15 7.5 311.1.-- 91.3
”

,.

'

—
.

'

— 65.0

mm: 110.: AVERAGE GRADE 11331:“
NO-= v~3sc

200 + 325 -

53 26 5

~

325 130 65.0
—

ARGE 0113: 2000
1..

:fikRKS-z Same as V~35 and V~33 except finer grind
TOTAL 200 100~0

1
RICAGEN'I‘S 1bs./ton

Time Z
1 1

"

1'
Mins- Solids pH .1Nazcg3 NaCN gagsoq 11—312,.11910139301 111-111; mum

-

1
“

“MW” “"
“M“ r“?

1351 16 71 ~ 1 —

_

0.20 1.0 _‘
~ - ~ ~

-

-

m

Cond. 5 1
4 ~ 1 0.1 —

~_ 0.03
— — —

-

,

1..

R0. Float: 1 3
,_ 25 _ 8.111” :M

— 4“
I:

_

H

_
0.06 —

1..
1.

‘

Scav. Float 5 25
.

.5 11 — — —- — -

m".

- ”le1
‘

w

-1. '

__

11.11
.

-

_Cond. '3 “~24
— 11 .-

— —- “93113 0 A 0 3 -— _.
‘

1
1

Float 6 24 10.0 11 — — - —- ~ ~

1

— -0 n7
-

~
"

n

11
_

.-

i

:1 ___1_

.-

1'
‘

~~

' _l 4 4... ’—
L

J -.

:tallurgical Balance E ASSQy Z or oz/ton 11 Units 1 ZDisjgrijtion h”

'oduc>t (Sf-ES Xl-Ft. 11 Pb Zn .Ag 1 11 ,1
Pb Zn A? 1 .2

-

‘1
___..

1‘ 1
.-RQ...CC;D£_A._ -

2311 _1_l.771.25._8__~ 7.58 1-11'37. , ___. ___1§ _‘ 118611 _
21 3 26L5 M .1.

_ u“

11 1
?

Scav.Conc. 81 4.0815 11.08 6.110 17.21, ~ 4.......11_1 A :7 _
F» 1 --.-51.3,_.~--.......1.,--~——

~——

1139 Conc. .1315 1.5.851129_._21 7.27 9.03__ 11 - 119_1.1 27.8._ 81.8
,

-

1.1.113 1673 84.151? 0.37 3.57 0.38 1; 18.9 72.2
_

18.2
_

009.5. 128 0.44 3,: 1.0 140.2 1 1.34 11‘ 11 1.8 _62.? 5.9.- l1
..__.1-

--

""“""
“

k " “ "
" ~‘_'””

Mfl'
“_—.~

(1
.

Tails. 1545 77.7111 0.32 0.53 1' 0.30 11 11.7.1 9.9 m 0. 1-

m-..
_

——

-;
~

-‘
-

1 ‘1
'

.

.29
-

~

;1988 100.011 3.52 4.15
1

1.75
__

_ ~_1-:w____ _, _ A

11100-0
100.0 100-0 ~-

..
.

_.__.~._.-...:.....-”-..... .-.-.-..
..

,1._——.—._-
_._.1...._

‘—--——-~-
------

l 11
»

1



QLLUUIL “v.11 A

1 r‘
,

.

I 1 .1”...
_.—.

.WWY.
.){‘.'.‘VIV

PAGE -1 ;......A:21Y50..--W-
W113~~~~~~

e
”fléight

1 1

L 651.,

NOR/1.111111 ORE DRESSING LiaBORATORY -

1

~65 + 100 —

‘

_ 1- _

””1100 J? 150 2

w

1.0 ~

‘

59.0
10J1CT VANGORDA DATE: ‘

NOVEMBER—DECEMBER _.

1W
4. WWW“..-

WWW?
'""”""“

-

1
—150 + 200 15 7.5 —

91,-:

-

.

“

~

'

.. m . .
~20‘0 + 325 ,

53 26.5 ~ 65.1;

Mg; 110.: AVERAGE GRADE 1151 110.. v—36
_

~ 325 . 130 65.0

11.ch 01-15: 2000
'

'

.

---

-

TOTAL _

)LAFKS: To prevent activation of readily floatable pyrite and
200 100 0

zinc using selective collectors for lead.

1"“
- REAGENTS 1bs./con

Time 2
W WWW”...

-.-_-W.._._.-

Mins. Solids pd 137C131 NaCN 1180301 111742471 AF-401 11—317 L'ime £11394 111M CF~QR wW 1%] 1
~

find 16 71 ~ 11 1 0.20 1-9--.
1 ~

,

— — —
— —

_

0660.
'

3 —
— 110.01 ~

~ 0.01 0.01 0.002 — — ~ —

___fl_

116. 15166.:
..

3

1

25 8.7 1 .~
— 1 —

~__0'.003
— ~ 0.04 -—

m

w

5661.11.66: 5 25 8.4 1 ~ — —

.

— —

0.002
— ~

1

0.01 —

”WM
1 _

COl'ld. 3 —
— 11

—
— —

— — 0 02 0.4 0 5 —
— W

116. Mom
6 1 24 10.0 11 -

~ —
— — 0.005 — — — —

7

W

1.

.1. r

36.1 Float 3 1 24 9.5 11 —
~

W

~ — —

- ~ - * ~—

1 11
1.

l . 1 -

-

- . 1 a . -.
.

atallurgical Balance 1 Assay % o7../ton 11 Units 1 ADist11butlon _F__

z‘cc‘uct (BE-ES 1 7.1.1.1t. 1 'pb Zn 1 1 1
Pb Zn

M

*

a: .

'

1

{1913mm ”

92 1_ 4. 61 140.4 6.16 _1 1 159.8
6 9 W

. 1; 1

; SCHV-CO‘GC. 103 5.16_1‘.13.l+ 8.78 1__fl_.1 112.212.401.911,
WWW

-1..---W..WW_-...

'11 :6 0666. 195 9.771126.13 7.54
_ 1 .11WW 182

0 117 8.1
'

W _

_-

-W,
1.

WWW, :1 ,

1. :16. 0666. 136 “3501311 _ 5 4_2.2 .1 11 __ 115-5'
09.5

W.
2.-

1 Scam. Cone. 67 3.36 112 8 6 38
-

“1 11 1 113.0 5.2 -,
w"- W,W_

-r

,.

, 1‘

- .

1 1

'11 7.6 0666. 203 10.18 1; 2 60 30 4 1 11
1 1 118.5 #74 7

1.115.
‘

~

'

1.1597 80.0511 0.371039 _

1 11 1 110.5 7 5 _

V --._W

4

”7-,.“ 12-“. A 51 .. 1 1, 1, 1 1|; 1 11mm 0 mm '3



w
,

E”‘A§%}Y§e 111-. GEE-ES .1

113:3ightw-T1iim .1111.l1
_ ..Bass '11

‘

.

' 3
. ....1-1..1...t. -:_,-.

NORA-EBA ORE DRESSING E-{EBOREETORY
'

~13; + 100
— ~

-

~

111- (111'.

ROJECT. VANGORDA DATE; . NOVEMBER~DECEMBER
"100 + 150 2

1-

1-0
I

* E,- 99E

1 -. 1.

_

.

. —150 + 200 15 7.5 — 915.

ANTI-‘7 110.: WAEVEMGE GRADE TEST NON v—37
_

”200 '1’ 325 ‘ ___.53
26'5 " 65“

. -

325 .
- 130- 65.0

E'ARGE 61IS: 2000 -

'

.

'

I

‘

~—-~~

E‘NA‘AKS: To float lead in l_ime circuit (pH= 9 5) to inhibit
TOTAL 200 100"O

pyrite flotation.~ _

REAGENTS 1bs./ton

15:? Soylaids pH EN‘aCN 114 soE1-' R—317Ec 30/ V‘b C1393
‘ E

-

1 . .

.‘ M17 . 1.1me .11. L .11 c .
_

__

find 16
.

71 — E 0.20 1.0
~

f' .1."
~ —

;b Cond. 3 E ~ ~ E —

‘

— 0.15 0.03 « — —
~

__

Pb 110. 1‘1o'ac L35 25 9~5 E - ~ ~

_.

- ~_1‘0.04 —

_

LLE-vmyflloii-‘C 4-5 25 __?1--O1E - — — - ~ 90.21-
-

_ 1

1..
.-

111 Cond. 3
- -‘ EE - ~ 0.1+ “0.02 0.6 —-

.

-

p

z... 111331.031 :6 2/. 10.0 EE — ~

,_

~

0.0025
— — ~

,

'

1

‘

;8c9.v.Float 3
24 95 EE ‘ ‘ ” O~OO75 " "

...1"
‘

1-..

EE
‘

_

\E ,-

-

-

1tmE-1r01 al Balance E Assay Z or oz./ton EE Units _ EE ZDiStribution 1

1338:: 03-13

E

2.11:. E Pb E Zn E Ag EE EPb Zn 81:
E1 «E

3 R0. Cone. 135 9.21;? 31.8 7.08. 13.6“ EE E 80 7 15,8 79 o
111 E

3 Sc;1v.Conc. 84 4.18EE 6.58 7.0
.

3.38
~

EE
.

, E11111;- 7 1 1-8 1 1E .

'Ell Pb COIEC- E 269 13.38EE~23.9 7.05 410.1. E EE E
. EM 29 9 30 0 1111*

:3. Cont.

_

92 453: 1 32 31.2 1.60 E E
_

E, l-7 45-8 .11: 7
'

-..'. ~E
~.. sol—.0011;

-

67

-

3.33EE 1 38 E23 _3

1

@121; E E! E .iE 1.2 _22 q __9 x.

‘

1-E
:1; Zn Cone. 169 8.1:1EE 1.36 83.611 1.37 , E_1E E E EE 2 91E 68 7 6 6 E
£1173", .

- E 1571 78.20EE 0.41 E0. 44 0.30 E E E E 8 9 8 4 113-4

I

'

E
11'- 5”" -

E

inflame. E 1110. (18185. E777 1.71:. E E, E EE‘100_0100,0 E1001): E
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Screen .

Weight. ‘-‘5_
'

‘1.

. PAGE 73 afimz‘ggpnlygc
‘

611$ ._ -rle1ghtv..r “Cam: .1--.

1"
,.L’assi

‘

~—

*

-

.

'
1

+65
"

"

1 ~.
0

. ..'- . Z ".

NCRANDA ORE DRESSING LABORATORY
‘

—65 + 100
—

—
-

'

1 ~

. .

_ +

.._._... .-.....

.3..-—
Q ....,‘.......

?ROJECT: VANGORDA DATE: NOVB'LBER*DECEMBER
100 150 2 1'0

1. 11,:.........
9.9;

_.__.,.,..--..._,_

.

~150 + 200

3113:1111: 110.; AVERAGE GRADE

'

TEST NO.: V~38
"200 + 37-5 - 53 26.5

—

6;.

*

325 130 65.0
—

<
-_

PEARCE CMS: 2000

{E‘IARKSI To investigate a combination of SO (gas) and
TOTAL 200 100-0

_
.

.11..

7 . .

NaCN to depress pyrite and sphalerite
“ ""

REAGENTS 1bS./ton

Time 2 11 r

1

— 7'

“1'13- 501ids DHJlNggLN 807 Lime 11.2311113115041-Mihcwfiwfi1b‘azsos
'

..

»‘- -

1—.— l
' ‘—

21:1qu 16 71
fl

1- 110.20 >

-
-

>

—-
-

__

- — WJ..O ,

_

T H 1.41:0 :1

Po Comm
1.

3 ~

1

'- 11 - 111331) _

8.8
p

0.03 —-
- ~ -— - .._.

_Pb
R0 Float

’__

3
_

25 8.8

\1
—- —

-

-—

__

..

_.M 0.04 _ _.

'

1..

Pb ScamFloat 5 25 ‘_8;_ZM 1‘ “

_

“ “‘ “

.

" «0'03 ~ "

.

M
.1.

1
.

IL“ C09d~ 3
M

— ~ 11 —_
~ 0.061.101.025. 0 ‘38

-

.

— —
_

1
1.

Z3: R0 Float “6.5 211 1.0.0 11 -

I"
,~

, W

‘ 1L09§ .

_

.1 ”1-... .DJQL.__.:._.«__. »

-

‘7

I
'

'

Zn S(:mJ.Float $3.5 21; 9-5‘11 "‘

_

‘

". 1 *‘

_

~ - 0.02
"

-.

11
'

1.
‘

'

-

l .

h 1
1 M.

L
.

k

4:31:311111‘gjcal Balance 1 Assayz or oz/ton 11 Units 1 ZDifitribx tion

...-__ 1..
- ”1,.

.,

_. .
.1“.

1
..

:
.

Product OMS ZWC. 1, Pb Zn
_

Ag 1 i1 1 Pb Zn A?! Mt

Pb Ro.Conc. 179 8.97 i .

1 1 1 1
13b ScaV.Conc. 30 1.51 .' 8 22 7-66 6 88 . .- ..

,

’

.-

"
“

'
'“

"

1 :'

03.1111110888- __ 209., 19.48 1.2.13.8 -1105 1121.9 L”- 11‘- ~_.1 1:_,61.S,,.L312_ ~14-9 »~«—~——

——~—~~——~§--
I- :

H ‘t.

2.33:8. Gone. 92 4.61 l" 1 3/. 1.3.8 1

8)]
1

_
H_ 11

1 9 49 6
.-

5 0..
‘

__ _"___________“ ~_____._____

......>
_____ ,

__.... ._ .._...
-.- . -

1'
"—

(

Zn S€:a\I.Conc. 2.3 2.16 z! 1 76 37.3 1 80 1 it 1 t1 1 1 19 8 2 £11- _ ”.1-

T"?
"

"".
"""""

_._____ ‘ i

0'11 inflonc- 135 6.77 is 1.48 41.73 “1.831 1_ 1- 12*________

1 1 1!! 3 0 59,1L ~_2 z.,.__,_.. “1.1;.
,. ;

"““"

”“27”" '“”*‘.,
W"

M

.2
‘ ' 1

1.11.1; 1011, 82.75 51 0.42 0.61 0.36! 1 1:
t

1110 5 12.4 _1_7 7
_ __-_-

-1
(I- ‘1 M “my“-.. 1

1

1' 11I\f\ n 1AA A 1mm n



P 11‘ XL}
.

1 Anglmp (EMS
_

.._11'e1gnt2.-- “111111.111“... Lass ~.

~

'

+65
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ELOTATION”

8" dia. X 15” lab rod mill

eighteen l" X 13'7/8" stainless steel rods (25 Kg)

syeed: 84 r.p.m.

=Denver Lab D—l flotation machine

Roughing 5 litres stainless steel cell

Cleaning 1.4 litres stainless steel cell

Speed: 1800 r.pfm. (roughing)
‘

lOOO r.p.m. (cleaning)


