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INTRODUCT LON

Campbell Red Lake Mines is a gold producer located in
Jalier tewnship, Red Lake area, Northwestern Ontario. The company
is currently milling 700 tons of ore per day.

] -

Purpose of Investigation

Because of unduly high gold content in the mill tailing
(0.10 to 0.125 oz/ton), Mr, E.A. Lago, Mill Superintendent,
requested an investigation to determine the optimum fineness of
grinding to obtain gold recovery by flotation, while producing
a concentrate sultable for roasting (i.e. containing at least
170 sulphur). In addition, he expressed interest in the nature
ol the gold minerals in the flotation tailing and in their size-
distribution.

Shipment

A 178-1b sample was received on February 17, 1967. The
material was all -2 in. in size. Mr. Lago stated that the sample
was representative of the rod mill feed over a period of six days.

Sampline and Analysis

A few representative pleces were selected from the ore
For mineralogical cxamination. The remainder was crushed to

-14 mesh from which a head sample was riffled out for chemical
analysis,

TABLS 1

Chemical Analysis* of Head Sample

Gold (Au) - 1.02 oz/ton
Silver (Ag) - 0. """
Iron (Fe) - 7.69 %
Sulphur (S) - 1l.54 "
Insoluble - 52,15 "

*From Internal Report MS-AC-67-39L

A spectrozraphic analysis on a portion of the head
sample indicatesd the following elements listed in their approximate
crder of decreasing abundance.
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TABLE 2

celrographic dnalysis* of Head Sample

L - ui, Mo, Nm, Ga
11 AL, Zn; kn, Cr
111 Ti, Pb, Ni, Mo
Iv - V, Zr, Co, Au, Ag

{

T om Intérnal Report MS-AC_SL-67;34

[UNBE RALOGI CAL JKAMINATION*

A fea ou1>ct3d hand specimens and a portlon ol the hsad
sampls wars sent to the Mlneralogy Section of the Mineral Sciences
Division to determine the main- characteristics of the ore and the
rmold oocurrmnc

Procedurs

Six polished sections and four thin sections were -
srapared {rom the hand specimens. In addition the -65+325 mesh
csizmes ware screened from the head sample and separated into sink
and float sub-fractions by means' of heavy liquids. The float
sub-{raction was run on the X-ray diffractometer to determine the
principal gangue constituents, while two polished sections were
prepared from the sink sub-fractions to determine the liberation
of the gold and silver. The minerals in the ore were identified
by microscopical and X-ray diffraction studies.

Ganeral. Character of the Ore

The ore was found to be composed of highly nmetamorphosed .
gangzus minerals containing disseminations of metallic minerals.
The metallic minerals in the ore consist chiefly of arsenopyrite,
vyrrhotite, pyrite, magnetite, chromite and berthierite, with
lesser amounts of native gold, sphalerite, chalcopyrite, marcasite,
ilmenite, stibnite, hematite and tetrahedrite. The gangue minerals
ave composed chiefly of dolomite and quartz, with lesser amounts
ol mica and chlorite, and traces of tourmaline. A small amount
of an acicular gangue wmineral in sheaf-like aggregates was also
found, but could not be positively identified.
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* I'rom Internal Report JS AC-67-59, by D. Owens.







These grains range from 5 microns up to 1.5 millimstres in
diaazter. A few grains were also found as 1ncluolons in arseno-
pyrite, and the oorthl rite in-turn, also contalns a few inclusions
of p/PLtu and arsenopyrlt

Only small amounts of sphalerlte, chalcopyrlte, marca51te,
ilwmenite, and stibnite were found in the ore. The sphalerite and
ilmenite occur as individual grains in gangue. The sphalerltev
varies from 10 to 200 microns in size, while the ilmenite is
slightly finer grained, and ranges from -5 to 25 microns in diameter.
The only chalcopyr‘ltD found occurs as inclusions in pyrrhotite and.
gangua, and varies from 5 to 50 microns in size. Marcasite occurs
as grains in gangue and as combined grains with pyrrhotite and.
pyrite in gangue. The amount is small and the size varies from .
10 to 100 microns. As prev1ously mentioned, the stibnite in the
ore was found as combined grains with berthierite in gangue. These
grains are few in number and range from about 20 to 350 microns
in size, :

While no hematite or tetrahedrite was found in the
examination of the polished sections of the hand specimens, a
fow individual grains were found in the head sample.

"GConclusions

From the mineralogical examination of the ore, it can
be concluded that the native gold occurs in more than one mineral,
but predominates as inclusions in arsenopyrite. The number of
free grains found in the head -sample indicates that some of the
gold appears to have been liberated during crushing.

OUTLINE OF INVES T IGAT ION

~ In order to simulate plant practice, flotation of the
ol'e was tested after the fr e-milling gold had been removed by
Jigeing and anmalgamation. Several flotatlon tests were made at
increasing duprees of fin ness to determine the optimum grinding
conditions for gold recovery in a 17% sulphur concentrate.
Production, in these tests, of intermediate products not separated
in plant practice prompted a locked-bycl test to find their
effect on the final talljng

Size distribution analyses and leaching tests were done
on the flotation talling to determiné the mode of occurrence of
the raesidual gold. As gold was present associlated with sulphide
minerals, tests were conducted to recover these sulphides using
longer [lotation time and higher reagent concentration.
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d DETAILS OF INVESTIGATION

Jircing and Amalgamation, Test 1

A 30,000-p sample of ore crushed to -20 mash was fed to
a Taberatoeory ,ig and the concentrate produced was amalﬁamated for
2 heurs with 20 ml of mercury.

TABLE 3

Results of Jigging and Amalgamation

] Welght Assays* | Distribution
Operation Product % oz/ton %
‘. Au Au
Concantrate 6.3 L .8l 30.9
Jizping | Tailing 93.7 0.71 69.1.
‘ Feed (calcd) | 100.0 0.97 100.0
Amalgam - L.09 8L.5
Amalyanation ftesidue - 0.75 15.5
Fead (calcd) - L. 8L 100.0
qumlnu and amalgamation (overall recovery) 26.1

*» From Internal Report MS-AC-67-483.

Flotation of Jig Tailing, Tests 2-6

Five 2,000-g samples were split from the jiz tailing,
cround for 20, 30, 45, 60 and 90 minutes, and then floated using
the procadure shown in Table 4.

G
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TABLE 4

Heapgents and Conditions of Flotation

Uperation . Tiine Reagents . 1b/ton’ pH
min : ; : '

Griﬁding Xanthate Z-9 0.25:
Aerofloat 25 0.02

thditioning 3 Copper sulphatef 0.10 8.6

Rougher flotation 12 Dowfroth 250 0.0k 8.5

pDecavangsy Fflotation -6 Xanthate Z-9 0.05 8.5
: | Copper sulphate| 0.05
Dowfroth 250 0.02

Cleaner flotation 6 Xanthate Z-9 0.01 8.5

' ' Dowfroth 250 0.005 :

Reel 2anar Clotation L Xanthate 72-9 0.0L1 &l
0.005

(twice) | Dowfroth 250
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sl fect

of' Grinding

Al 5

on flotation of Jir Tailing

Test Product Weight Assays* | Distribution
% oz/ton b
Au Au
Racl conc 3.3 16.04 75.8
Recl tailing 1.2 1.30 2.3
2 Cl tailing L.3 0.70 b.8
(Oh. 5% -200m) |Scav conc 2.9 0.80 3.3
Flot tailing 87.8 0.11 13.8
Feed (calcd) 100.0 0.70 100.0
Recl conc 3.0 18.35 78.5
Recl tailing 1.1 1.34 2.1
3 Cl tailing he3 0.065 3.9
(75 .39 -=200u)  [Scav conc L1 0.98 La3
Flot tailing 88,5 0.09 11.2
Feaed (calcd) 100.0 0.71 100.0
Recl conc 2.9 19.22 79.5
Recl tailing 0.9 1.52 2.0
kL Cl tailing L.O 0.80 Lo
(0.0 ~200m) [Scav conc 3ok 0.70 3.0
Flot tailing 88,4 0.08 10.2
Feed (calcd) 100.0 0.70 100.0
Recl conc 3.0 16.306 77.8
Reel tailing 1.2 0.78 1.4
5 Cl tailing L.O 0.38 2.3
(CULPe =2C00) [Scav conc .G 1.25 7.7
Mot tailing 87.0 0.08 10.8
Feed (caled) 100.0 0.70 100.0
Recl conc 3.3 16.25 78.8
A Recl tailing 1.2 0.60 1.1
O Cl tailing 3.0 0.22 1.0
(07,79 -200m) |Scav conc L3 1.38 8.7
Flot tailing 88.2 0.08 10.4
Feed (caled) 100.0 0.68 100.0

Jroa wntarnal Reports MS~AC-67-483 and 524.

test was

The sulphur content in the recleaner concentrates of each
17.%0, 18.8%, 19.5%, 17.4% and 17.1%, respectively.
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This series of tests was made on a sample composed of
Jig tailing and analgamation tailing mixed in correct proportion.
sach tast used a £,000«-g sample and followed the procedure of
Tavls A4, with the exception of Test 10. In this casa, five
clsaning stages were done in an attempt to increase the sulphur
contant of the final concentrate. The variable in the tests was
the grinding period (20, 30, 45 and 37 minutes in. tests 7, &, O

and 10, respectively).l The results obtained are, shown in Table 6. °

TABLE 6

wlfect of Grinding on TFlotation of Jig and Amalpgamation Tailings

Weight [Assays¥ Distribution
Tost Product % | oz/ton %
o ‘ : ‘ Au E Au
Recl conc I 13,56 8L.0 h
Recl tailing 1.8 , ’%.21 ’ ﬁ.o
7 Cl tailing 542 0.33 2.0
(76.1% ~200m)  {Scav conc Lk 0.50 . 3.1
Flot tailing: 8L.2 0.08. . 9.5
Feed (calgd) lOO.Q 0.71 100.0
Itecl conc 1.9 12.22 84.0
Recl tailing 1.7 0.47 1.1
f Cl tailing 6.5 1 0.27 R.5
(8L.2% =200m) Scav conc 7.1 0.24 2.0
Flot tailing 79.86 | 0.09 110.0
Feed (calcd) 100.0 | 0.71 100.0
Recl conc . - L7 | 13.69 850
Recl tailing 1.7 . 0.51 1.2
9 Cl tailing = 7.6 0.22 2.2
(85.9% ~200m) Scav conc L.3° 0.26 . 1.5
Flot tailing 81.7 0.09 9.7
Feed (caled) 100.0 0.75 100.0
N Concsntratﬁ 3.7 15.0h 83,1
10 Hliddlingion 15.1 0.28 - 6.3
(31,2 -200m) Flot tailing 80.9 0.09 -10.6
Feed (caled) | 100.0 0.72 | 100.0

% From ]NL‘]HH] Reports MS-AC- 540, 604 and 643 .
%% Including tailings from the five cleaning stages plu
scavaerngaelr Concwnh ate.,
Moot The Julphur conbﬂni in the concentrates of each test was
' Lh 05, 12.8%, 13.89% and 18.8%, respactlvbly
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o additional tests were made in which xanthate Z-11
xd by xanthate Z2-0 and the concentration of copper
as increascd, out no significant improvement in the
ery was achieved by thesc modifications.

[

A
was replac.
sulphat? we
cold racov

Antegeation off Five Uycles of Flotation, Test L1

This test was also carried out on combined tailing from
Jigging and amalgamation. It consisted of five identical cycles,
in which the intermediate products of the previous cycle were
added to a new ore sample (2000 g) prior to grinding and flotation.

o

'he schame of the process is illustrated below:

Cyclz lNo. 1 - Fresh Ore Cycle No. 2 - Fresh Ore

! ~

o ALY AT it St e !
Grinding Grinding :
- )
! | |
e S S—
Rougher | —y [Cleaner ——y | Rougher | —5 |Cleaner] ——

“J/ A\
Scavenger y [Scavengen >
I \l' < LY J-
Tailing Gonecentrate Tailing Goncentrate..

In sach cycle, the grinding time was 40 minutes and the
flotation conditions were identical to those shown in Table 4,
except that six stages of cleaning were necessary to attain the
d2sirzad grade as shown in the following table of results.
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Lesults-with Cyclical Ilobabion

by

cycle No., 5.

Uycle No. Product Weight Analysis*‘ Distrioution
| o foz/tl % fo
R PR, S rm et ot met w Tx e ey e e otk s 4 - Au . S ; . All ‘ S :
1 Concentrate L.7 |15.48119.96| 89.5 .| 58.1
” Total (caled) | 100.0 | 0.81] 1.61| 100.0 | 100.0
2 Concentrate | L. [13.9417.05| 88.9 | 57.5
(8L4.0% -200m) [Flot tailing | 95.6 0.08| 0.58| 11.1 2.5
Total (caled) | 100.0 | 0.69| 1.31| 100.0 | 100.0
3 Concentrate L.8 112.90116.541 87.8 56.6
(84,85 -200m) [Flot tailing 95,2 0.09| 0.64| 12.2 b3l
Total (calcd) [ 100.0 | 0.70| 1.40[ 100.0 | 100.0
Ay Concentrate L7 13.18}16.0L 89.0 | 56.7
(85.1% -200m) [Flot tailing 95.3 0.08! 0.62| 11.0 43.34
Total (caled) | 100.0 | 0.70| 1.36| 100.0 | 100.0
- g .
.5 Concentrate L.6  |13.11116.60| 87.5 53,6
(85.6% -200m) |Flot tailing | 95.4 0.09| 0.67| 12.5 L6l
Total (caled) | 100.0 0.69| 1.41100.0 | 100.0
Concentrates L.l o [13.71017.27 | 85.5 53 .1
1 -5 Middling* 3.5 0.56| 2.09 2.8 | 5.2
(84.3% -200m) |Flot tailings | 92.1 0.09| 0.64 | 11.7 L1l
Feed (caled) | 100.0 0.71| 1.42 | 100.0 | 100.0
% IMrom Internal Report MS-AC-67-643. .
o Including cleaner tailings and scavenger concentrate = of

Although the gold content of the intermediate products
increased from 0.23 oz/ton (see Test 10) to 0,56 oz/ton, the small
woight per cent of these and the consistent assays of the flotation
tailings (0.08 to 0.09 oz per ton) indicates that it should be
possible to produce this tailing in plant practice, without appre-
ciably reducing the sulphur grade of the concentrate.

However, since this represents a gold loss of at least
43.15/ton of ore treated, efforts were made to determine the cause

of the low racovery.

Mineralogical examination gave no indication,

pecause of the fineness of the tailing and the rare occurrence of

: . Therefore, leaching tests were made on selected
size-fractions of the flotation tailing.

gold particles.

i3
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A B00- saunple was made from representative portions ol
Lhoer Plve tallings Croom Test 11, and slaed using a 200 —mesh siovo
and an inleasiaor appaoratus,

TABLE 8

Gold Content in Sized Fractions
Size Weight | Assgays* | Distribution
microns % oz/ton - %
Au Au
+74 (200 mesh) 15.4 0.10 18.0
=T7h + 4O 11.1 0.08 10.3
-0 + 28 11.9 0.07 9.7
28 + 20 4.7 0.05 8.5
-20 + 14 12.7 0.0h 5.9
-1 + 10 10.1 0.07 8.2
-10 1 24.1 0.14 39.4
Faed (calcd) 100.0 0.09 100.0

*From Internal Report MS-AC-67-111.

Lzaaching of lotation Tailings, Test 13

After screening the flotation tailings from Test 11 ¢n
a 4C0-mn2sh screen, a 1000-g sample was cubt from each fraction
and cyanided for 30 hrs in a solution maintained at 1.0 1b
NaCh/ton and 0.5 1b CaO/ton. A portion of each cyanidation
residus was analysed and the remainder was treated in a 5% HCL
solution until all the carbonates were dissolved. The acid
residuss were washed thoroughly, dried, weighed and then cyanidad
for anothar 24-«hr at the above concentration of lime and cyanide.
After cutting a sample for analysis, the cyanidaticn tailings were
treatad in hot aqua regia, and then assayed again. The test
results ‘and the corresponding gold distribution in the various
congonants of the [lotation tailings are shown in Tables 9 and 10,
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PTABLE O o ' 3
Rosults of Leaching
' H
¥
Slae Product Welght Analysls¥ bis brléutlon
1 - %o oz/ton % %
_ 41 - | Au S Au | S
+,00 [ Flot tailing 100.0 0.10 {0.33] 100.0 100.0
mesh |lst cy residue 100.0 0.030 §0.33 30.0 -§ 100.0
2nd cy residue . 75.2 0.030.| O 4Ll . 22.6 | 100.0
Aqua regia residue | 68.7 .1.0.003 | 0.02 2.1 = 6.1
SO0 {Flot Tailing  [100.0 ]0.08 10.67 100.0 | 100.0
mesh |[lst cy residue 100.0 - 1 0.040 | 0.68} -50.0 | 100.0
2nd cy residue . | 71.4 - | 0.035 }0.95 31.2 99.7 .
Aqua regia residue | 57.8 0.005 {0.02|. 3.6 { 1.7 o

* From Internal Rbports MS-AC- 938 and 9L45.

TABLE 10

Gold Occurrence in Flotation Tailing

. , . . +4,00 mesh - =400 mesh
i Gold-bearing Components (26% by weight) |(74% by weight)
ixposed gold (cyanide-soluble)| - 70. O% 50.0%
nclosed in carbonates A ' 7 1% ' 18 .8%
finclosed in sulphides - R0, 5% : 27. 6
nclosed in insoluble gangue 2. l% :  3.6%

Although the exposed gold and the gold-bearing sulphides
wight not be entirely frée, the iabove results suggested that at
least a portion of the gold contained in the flotation tailing
should b2 recoverable by flotation. To confirm this, flotation
tists were made in which both the reagent concentration and the
FLotation time were increased considerably.

Lonser FPlotation and Higher Reagent boncenbratlon, Test 1h

I this test, the ore was ground to 82% -200 mesh and
fleoated using the procbdurﬁ of Table L, oxcapt that flotation
tin2 and 1:an~nb concentration were both increased by )Ou throughout
all the LloLaL¢on stages including the six cl@anlnﬂ stages.










