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INVESTIGATION OF GOLD RECOVERY FROM MILL PRODUCTS,
TROM MADSEN RED IAKE GOLD MINES LIMITED, MADSEN, ONTARIO

by
G T. Mathieu¥

SUMMARY OF RESULTS

The Madsen mill feed assayed 0,23 oz Au/ton. The gold
was associated mostly with sulphide minerals, The material also
containela small amount of pyrrhotite which could be removed by
magnetic separation with gold losses of less than 1% (Tests 2 to 4).

Cyanidation tests with or without other treatments were
carried out on the mill feed, Table 1 summarizes the procedures
and the results of these tests.

TABLE 1

Procedures and Results of Tests 5 to 7

Overall Recovery
Test Procedure % Au
5 Magnetic separation,
cyani.dation 92.6
8 Selective regrinding,
cyanidation 91.8
7 Cyanidation 91.3
B Cyanidation, flotation, re-
grinding, cyanidation 92.2

X Scientific Officer, Mineral Processing Division, Mines Branch,
Department of Mines and Technical Surveys, Ottawa, Canada.
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The m111 tailing, marked primary DorrClones overflow,
assayed 0.011 oz Au/ton of whlch only 48/ was associated with
sulphide minerals (Test 9), No further investigation was made
on this sample, :

The mill tailing, marked secondary Dorr lones underflow,
assayed 0,043 oz Au/ton of whlch 617% was assoclated with sulphide
minerals (Test 11), Bulk sulphide concentrates, containing from
12,2% to 56.4% of the gold, were floated from the underflow (Tests
12 to 20), Straight cyanidation of the flotation concentrates
resulted in overall gold recoveries varying from 29.4% to 34,4%.
Roasting and cyanidation of the flotation concentrate resulted
in overall gold recovery of 46.1%.

Flotation of a calcite concentrate resulted in no
gignificant gold concentration, Attempts to separate pyrlte
from arsenopyrite were also unsuccessful,
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INTRODUCTION

Shipments
Two shipments of material were submitted by Madsen Red Lake Gold

' Mines Limited, Madsen, Ontario,

The first shipment was received wet in four drums, on October 17,
1961, Two of these drums contained material representing the feed to "A"
Unit primary thickener and the other two representiing the feed to "B" primary
thickener., The material contained in the four drums was dried without
heating and mixed to produce a 187 1b sample representing the Madsen mill
feed,

The second shipment was received wet in four drums on December 28,
1961, Two of these drums contained a sample representing the finer portion
of the mill tailings, namely, primary DorrClones overflow. The other two
contained a sample representing the coarser portion of the mill tailings,
namely, secondary DorrClones underflow product. The two samples were dried
to give we

(1) & 81 1b sample of the Tailing 0'flow;
(2) A 113 1b sample of the Tailing U'flow.

Instructions

Mr. A. A, McCloskey, P. Eng., Madsen Red Lake Gold Mines Limited,
Sulte 1109, 55 Yonge Street, Toronto 1, Ontario, requested this investigation.
He suggested that the following tests might result in an increase in the gold
recovery from the Madsen mill feed --

(1) Removal of pyrrhotite by magnetic separation prior to
cyanidationg

(2) TFlotation of the gold=bearing minerals, regrinding of
the flotation concentrate and cyanidation of the
flotzation concentrate and tailing combined, This
procedure is referred to as selective regrinding
in this report;

(3) Cyanidation of the nill feed, flotation of the cyanide
residue, regrinding and cyanidation of the flotation
concentrate,

After consultation with M. McCloskey, it was decided that no
concentration tests would be done on the primary DorrClones overflow due to
its low gold content.

Concerning the secondary DorrClones underflow (Tailing O0%flow),
Mr. McCloskey suggested that the gold might be recovered by flotation of
the gold-bearing minerals and recyanidation. He also wished to know if a



separation of pyrite from arsenopyrite could be realized by cleaning with
godium permanganate to depress the arsenopyrite during flotation..

Location of Property

Madsen Red Lake Gold Mines Limited is a gold producer operating a
mine in the Red Lake disirict, near Madsen, Ontario,

Sampling and Analysis

A 4 1b head sample was riffled out by conventional methods from
each sample submitted,and sent for chemical analysis. The determinations
obtained are shown in Table 2, '

TABLE 2

Chemical Analysis

Element Mill Peed | aypie Tailing
Gold (Au) oz/ton 0,229 0.011 0,043
Silver  (Ag) M 0,065 0.065 0.035
Iron (total Fe) " 8.73 . 8,08 8,51
Iron (soluble Fe) " 6,60 6,57 6.89
"Arsenic  (As) " 0.28 0,26 0.47
Antimony (Sb) " n.dX n.d, n.d.
Nickel (Ni) " 0.010 0.010 0.010
Copperx (Cu) " 0,015 0.014 0.014
Sulphur (S) " 1067 1Q24 2 .76
Insoluble " 67.15 63.3 1.8
Calcium oxide '
(Ca0) " - - 1.85

X none detected

A second head sample was cut from the mill feed and divided into
two.portions for spectrographic analysis and mineralogical examination.

The specirographic analysis detected the following elements listed
in Table 3, in their approximate decreasing order of abundance:




TABLE 3

Semi.~Quantitative Spectrographic Analysist

I ~ 8i; Fe, Ca
IT - A1, Mg, Na
IIT - As, Ti, Mn
v -~ Cu, Ni, Ba, V, Cr

MINERALOGYICAL EXAlfIIl\Ilf‘.'l‘IOI‘Imt

A 50 g head sample from the Madsen mill feed was submitted to the
Mineralogy Section of the Mineral Sciences Division to determine the
agsociation of the minerals in the sample.

A «100 +200m fraction of the head sample was separated into
fractions by meang of heavy liquids and the mineralogy of each fraction was

determined by means of microscopical and X-ray diffraction studies. The
conbined results are listed in Table 4.

TABLE 4

Mineralogy of the Head Sample

Mineral Weight %
Quarty 356
Biotite 40
Pyroxene 10
Chloxite 5
Calcite 5
Epidote and garnet 4

Pyrrhotite, pyrite,
arsenopyrite; ilmenite
magnetite and chalcopyxite 1

ey

Total - 100

AFrom Internal Report MS-61=547, by E, Kranck, Analytical Chemistry Sub-
division, Mineral Sciences Division, Mines Branch, November 10, 1961,

KiFrom Internal Report MS-61-586, by W. Petruk, Mineralogy Section, Mineral
Sciences Division, Mines Branch9 November 21, 1961.



DETATLS OF INVESTIGATION

Mill Feed
Tegt 1
A screen and infrasizer analysis was done on a 500 g sample of the

mill feed, Table 5 shows the results of this test with the gold values in
each fraction also shovn in dollars baged on gold at $35.C0 per oz.

TABLE 5

Results of Test 1

Height ‘ Assays Distribution
Size A
oz Au/ton $/ton % $

+100m 1.5 0.125 4.38 0.8 0.06
-1004+150m 5.3 ,0'145 5.08 3.4 0.27
~150+200m 11.4 0,147 5,15 T.4 0.59
«200+325m 17.8 0,210 7.35 16.5 1.31
-325m + 20 microns 32,1 0,375 13.13 53 .3 4,22
-20 +10 microns 14.1 0.165 5.78 10,3 | 0.81
=10 microns 17.8 0.105 3.68 8.3 0,65
Feed (calcd) 100,0 0.226 7.91 100.0 7.91

Test 2

A 5,000 g sample was fed to a Jones magnetic separator set at O
amp to concentrate the pyrrhotite. The magnetic concentrate was ground for
10 min to 88% ~325m and cleaned on the same machine set at O amp, The
results of this test are summarized in Table 6.




TABLE 6

Results of Test 2

Asgays .
Product Wei ght y Distr%bution
y 0z/ton %
’ Au Fe Au Fe
Pyrrhotite cl conc 0.9 0.205 58,0 0.8 7.6
Pyrrhotite ¢l tail 3.0 0,330 13.0 4.4 5.7
Tailing 96.1 0.223 6,21 94.8 86.7
Feed (caled) 100.0 0.226 6.88 | 100,0 100,0
Test 3

A 5,000 g sample was fed to a three~drum Jeffrey magnetic separ~
ator set at 2,2, 1,2, 0,7 amp respectively, The middling products were
added to the concentrate, Table 7 shows the results obtained in Test 3.

TABLE 7

Results of Test 3

T Assays Distribution
Weight
Product %g oz /ton % %
Au Fa Au Fe
Pyrrhotite conc 1.0 0,100 63.2 0.5 8.1
Tailing 99.0 0.210 6.06 ] 99,5 91.9
Teed (calcd) 100,0 0.209 6.53 {100,0 100.0




Test 4
A 15,000 g sample was fed to a Crockett magnetic separator, The
concentrate produced was ground for 10 min to 87% ~325m and cleaned on the
same machine, The results of this test are shown in Table 8.

TABIE 8

| Results of Test 4

Assays Distribution
Height ;
Product ;.;g oz/ton % %
Au Fe Au Fe
Pyrrhotite cl conc 1.2 | 0.125 | 52.6 0.6 9.7
Pyrrhotite ¢l tail 1.7 0.290 8.34 1.9 2,2
Tailing 7.1 0.255 5.92 97.5 88.1
Feed (calcd) 100.0 0.254 | 6.52 |100.0 | 100,0
Test 5

A 5,000 g sample was tréated on a Jones magnetic separator
uging the same procedure as in Test 2, except that the pyrrhotite. cleaner
tailing was added to the tailing. Table 9 summarizes the results of this
test, :

TABLE 9

Results of Magnetic Separation Test 6

Heicht Assaym Distribution

e

Product a/]ig X oz /ton | . % % _
Au Fe Au Fe .

Pyrrhotite 1,3 0.185 }153.9 - 1.0 10,6

Tailing 98.7 0.230 | 5.97 99,0 . 89.4

Feed (calcd) 100,0 0.229 | 6,59 |100.0 100,0




A 1,000 g sample was cut from the tailing in Test 5 and cyanided
The NaCN and Ca0 concentration were both kept at 1 1b/ton of

for 48 hrs,

golution and the dilution was 2:1,

are shown in Table 10,

TABLE 10

Resulis of Cyanidation Test 5

The results of the cyanidation test

Consumption Reducing Residue Assays | Extraction
Temp | o [Ib/fton of feed Povier oz /ton %
“F ‘ N
NaCN | Ca0 o0 3, Kin04/1 Au Au
T4 | 12,4 1.4 4.4 92 0.015 93.5
The overall gold recovery in Test 5 was 92,67,

described in Table 11,

TABLE 11

Reagents and Conditions of Ilotation Test 6

A 2,000 g sample of mill feed was floated using the conditioms

. Reagents Time
Operation 1b/ton of feed min pH
Condi tioning Cus0g 1.0 5 8.4

R-208 0.1
R-=301 0,1
Fotation Pine oil 0.04 10

The flotation results are showm in Table 12.




TABLE 12
Regulis of Flotation Test 6

Weight Assays Distribution
Product 7 oz /ton %
Au _ Au
Flot cone 44 3.63 68.0
Flot tail 95,9 . 0,073 32.0
Feed (caled) | 100.,0 0.219 100.0

The flotation concentrate was ground for 30 min to 99,57 ~325m.
A 41 g sample cut from the flotation concentrate was mixed with a 959 g sample
cut from the flotation tailing, The combined product, which represented the
original feed, was cyanided for 48 hrs at a dilution of 231 with solution
gtrength maintained at 1 1b of NaCN/ton and 1 1b Ca0/ton. Table 13 summarizes
the results of this cyanidation test.

TABLE 13
Results of Cyanidation Test 6

. Consumption Reduci Residue A s | Ext: .
lg?P pH  11b/ton of feed &;zzzing 6810:j%oisayo | r;ctlon
NaCN Ca0 ce N/10 Ki¥nOg /1 Au Au
73 L2 «3 1,5 4:6 104 0.018 : 91.8

The purpose of this test was to liverate the gold contéined in
the sulphides by reprinding the flotation concentrate which contained 68% of
the gold present in the material,
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Test 7

Cyanidation tests were made on four 1,000 g samples of the Madsen
mill feed, Each sample was agitated for 48 hrs in a solution maintained at
1 1b of NaCN/ton and 1 1b of Ca0/ton. The dilution was 2:1., The cyanide
tailings were combined for assay. Table 14 summarizes the results of this
cyanidation test,

TABLE 14
Results of Cyanidation Test 7

Consumption , x
Temp pll N Reducing Residue Assays| Extraction’
oF Ib/ton of feed Power 0z /ton %
NaCN Ca0 cc N/10 KinOg/1 Au Au
76 | 12.3- 1.1 4.6 116 0.020 91.3
_

X calculated by difference

The coubined cyanide tailings were cut into two portions for flot-
ation tests. Two similar flotation tests were carried out on each portion
and thelr products were combined for assays. The flotation tests were made
using the procedure described in Table 11, Table 15 shows the results of
this test,

TABLE 15

Results of Flotation Test 7

Weieht Assays Distribution
Product ;gx oz /ton A
” Au Au
ot conc 4,9 0.076 17.0
Flot tail 095.1 0.019 83.0
Feed (calcd)] 100.0 0.022 100.0
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Three 50 g samples were cut from the flotation concentrate and

ground for 20 min to 99% -325m.

Each sample was cyanided in a solution

maintained at 1 1b of NaCN/ton and 1 1b of Cal/ton, and at a dilution of 10:1.

The results of these cyanidation tests are shown in Table 16.

TABLE 16

Results of Cyanidation Tests 7TA, 7B, 7C

1 C 45 Residue
Test| ~.7¢ ngp pH 1g;iump 1on Reducing Assay | Extraction
hrs o _cone Pover oz /ton %
- NaCN | CaO ce N/10 Kn04/1 Au Au
Al 24| 70 |12.4] 4.7 15.9 62 0.033 56.6
48 |- 70 {12.5| 5.5 | 17.5 68 0.030 60.5
96 | 70 {12.4] 6.3 ] 19.1 76 0,030 60.5

The overall gold recoveries were 92.1% for Test TA and 92,2 for
Tests 7B and 7C. '

Primary DorrClones Overflow (Tailing 0'flow)

ggst 8

A sereen and infrasizer analysis was done on a 500 g sample of the
Tailing 0'flow, Table 17 shows the results of this test with the gold values
in each fraction also calculated in dollars on the basis of gold at $35.00
per oz.

TABLE 17
Results of Test 8

i U("i.ght AS 3'&;}’3 Dis tr‘ibu‘ti on

Size 7 oz Au/ton $ /ton % .$
~200 +325m 8.8 0,013 0.46 9.9 0,04
~325m420 micyons 56.3 0.011 0.38 53 .4 0,22
~20 +10 microns 14 .4 0.011 0.38 13.7 0,06
~10 microns 20.5 0,012 0.46 23.0 0.10
Feed (caled) | 100.0 0.012 0.42 100.0 0.42
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Test 9

To determine the association of the gold in the Tailing 0'flow, a
1,000 g sample was given the following treatment:

The sample was cyanided for 24 hrs, using the same procedure as in
Test 7. A sample was cut from the cyanide tailing for assay. The remaining
portion was treated with 10% hydrochloric acid until all the carbonates were
decomposed, The acid leach residue was washed thoroughly, dried, weighed,
and then cyanided for 24 hrs. A sample was cut from this residue and assayed,
A second S5-assay ton sample was cut from this residue and was treated with
hot aqua regia for 6 hours, and then assayed. The last two assays were
corrected for loss of weight due to dilute hydrochloric acid treatment. The
results of this test are summarized in Table 18,

TABIE 18
Results of Test 9

Assays Distribution
Product oz/ton %
Au Au
Feed 0,012 100.9
1st cyanide residue 0.010 83.3
2nd " " 0.0076 63.3
Aqua regia residue 0.0018 15.0

The following distribution of gold was calculated from these

results:
Exposed gold 16.7 %
Gold enclosed in carbonates 20.0 %
Gold enclosed in sulphides 48.3 %

Gold enclosed in insoluble
gangue 15.0 %
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Secondary DorrClones Underflow (Tailing U'flow)

Test 10
A screen and infrasizer analysis was done on an 800 g sample of the |

Tailing U'flow, Table 17 shows the results of this analysis with the values
also shown in dollars,

TABLE 19
Results of Tegt 10

Si Weight Assays Distribution
1z2€ 7 .

’ oz Au/ton| $/ton % Au $
. +150m 14,9 0.048 1,68 16.8 0.25
~150 +200m 21.2 0.032 1,12 15.9 0.24
~325m 420 microns 32.8 . 0.047 1.65 | 36.2 0.55
-20 0 " 2.0 0.12 4.20 5.6 0.08
-10 n 1.0 0.07 2.45 1.7 0.03
Feed (calcd) 100.0 0.043 1.51 100.0 1.51

Test 11

In this test, the cyanidation and acid treatment described in Test
9 vas repeated on a 1 000 g sample of the Tailing U'flow, The results of
this test are shown 1n Table 20,
TABLE 20

Results of Test 11

Assays Distribution
Product : oz /ton %
Au - Au
 TFeed 0.043 100.0
1st cyanide residue 0,037 86.0
2nd " " 0,031 : 72.0
Aqua regia residue 0.0048 11.2-




lated:
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From these results, the following distribution of gold was calcu-

Exposed gold

Gold enclosed in carbonates

Gold enclosed in sulphides

Gold enclosed in insoluble gangue

Tests 12 to 20

of the Tailing U'flow,

14,0
14.0
60.8
11,2

%
%
%
%

The following flotation tests were carried out on 2,000 g samples

and the results are shown in Table 22.

Reagents and Conditions of Flotation Tests 12 to 20

TABLE 21

The flotation conditions are described in Table 21

Test
Operation
12| 13} 14 15| 16 | 17 | 18 { 19 | 20
Grinding Time (min) Nil| nil| nil| nil}{ ni1 ] 20| 20 | 20 | 20
Fineness of grind (4 -200m) 64) 64| 64) 64| 64 | 73 | 84 | 84 | &4
18t conditioning: 5 min
Reagents (1b/ton): R-301 }0.10/0.10}0.10 |0,10 | 0.05{0.,05] 0.05]0.05]0.05
-208 {0.10{0.10{0,10{0,10 { 0.C5]| 0.0 0,C5] 0,05/ 0.05
CU.SO4 1.0 1_.0 1.0 100 1c0 1.0 100 1.0
HpS04 2.0
Nap(COg 1,0 1,0{1,0421,0{1,0}1,0
pll 8,7 | 8.8 | 6.4 {8.9 8.8619.0{9.1}8.8]9.0
15t flotation: 15 min
Reagent (1b/ion): pine o0il |0.04]0,04{0.04]0,04| 004} 0,04 0.C4} 0,04 0.4
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TABLE 21 (contd)

Reagents and Conditions of Flotation Tests 12 to 20

Test
Operation
' 12 § 13 14| 15 | 16§ 17 ] 18 | 19 20
2nd conditioning: 5 min
Reagents (lb/‘l:on): R-301 0.05 j0,05 10,05 |0,05}0.056
R-208 0.05 10,05 ]0.05 |0.05|0.05
HpS04 2.0 [2.0 |2.0 12,0 |2.0
pll 6.9 7.0 |6.9 |6.9 {6.9
2nd flotation: 10 min \
Reagent (1b/ton): ﬁ .
pine oil 0,02}(0,02{0,0210,02}0,02
3vd conditioning: 5 min
Reagents (1b/ton):
oleic acid 0.25]0.25
Nact¥ 35.0
Nap51.04 1.0
pH 5.9 |8.2
3rd flotation: 5 min -
Reagent (1b/ton): nil

X This addition was made to give a 4% brine pulp.
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TABLE 22

Resulis of Flotation Tests 12 to 20

Assays Distribution
Test Product Wei;ht 0z /ton % %
(]
Au As Te S Au As Te 3

12 Sulphide conc 3.6 0.145 | 2,07 [38.4 | 40.5 | 12.2 | 16.5 | 20.2 52.7
: Flot tail 96.4 0,039| 0.39} 5.67] 1.36] 87.8 ]| 83,5 | 79.8 47.3
* Feed (calcd) 100.0 0.043 | 0.45} 6.85} 2,77 100.0 }100.0 {100.0 | 100,0
13 Sulphide conc 4.9 0.16 3.52130.0 | 30.3 | 19.1 | 36.2 | 21.5 53.4
Flot tail 95.1 0.035{ 0.32) 5.63] 1.36] 80,9 | 63.8 { 78.5 46,6
Feed (calcd) 100.0 0.041} 0.48( 6.82 2.78100,0 {100,0 {100,0 | 100,0
14 | Sulphide conc 4,7 0.20 4,98 (32.2 | 32.5| 22.5 | 51.6 | 22.5 54.8
Flot tail 95.3 0.034 | 0.23) 5.48] 1.32] 77.5 | 48.4 | 7.5 45,2
Feed (calcd) 100.,0 0.042 ) 0.45{ 6.74] 2.78100.0 |100,0 |100.0 | 100.0
15 Sulphide conc 5.8 0.22 4,97{30.3 | 28.0] 29.7 { 67.1 | 25.6 60.2
Flot tail 94.2 0.032| 0,15 s5.42] 1.14] 70.3 | 32.9 | 74.4 39.8
Feed (calcd) 100.0 0.043| 0.43] 6.85] 2.70{ 100.0 {100.,0 |100,0 { 100.0
16 Sulphide conc 6.2 0.24 4,91]128,9 | 26,51 34,6 | 67,0 | 26.3 59.6
Flot tail 93.8 0,030{ 0,16{ 5,35 1.19{ 65.4 { 33.0 | 73.7 40.4
Feed (calcd) 100,0 0.043]| 0.45| 6.8 2.76 100.0 {100.0 {100.0 | 100.0
17 Sulphide conc 9.7 0.22 | 3.60)26.4| 19,1| 48.6 | 79.5 | 34.0 | 74.3
Flot tail 90.3 0.025| 0.10] 5.50{ 0.7 51.4 | 20.5 | 66.0 25,7
Feed (calcd) 100,0 0,044} 0.44| 7.%2| 2.49] 100.0 {100.0 }100,0 | 100.0
18 | Sulphide conc 9.4 0.2656| 4.16] 28.1 | 20.8| 55.6 | 84.4 | 34.2 75.8
Flot tail 90.6 0,022 0,08 5.2 0. 44.4 | 15.6 | 65.8 24,2
Feed (caled) 100.0 0.045| 0.,46| 7.7| 2.58} 100.0 {100.0 {100,0 | 100,0
19 Sulphide conc 9.7 0.23 3.40| 23.2 | 18.2] 52.7 ) 80.7 | 33.5 69.3
: Calcitle conck 6.5 0.025] 0.18} 10.3 | 3.94 3.8 2,91 10.0 10,0
Mot tail 83.8 0.022f 0,08 4.%2| 0,63| 43,5| 16.4 | 56.5 20.7
Feed (caled) 100,0 0.042| 0,41 6,7 2.55{ 100,0 {100,0 {100,0 | 100.,0
Sulphide conc 11.4 0.22 2.37| 27.0 [ 17.3 56.4 | 79.7 | 44.6 86.0
20 Calcite concit¥ 3.4 0.02 | o0,12] 6.60f 1.12 1.5] 0.9 3.3 1.7
Flot tail 85.2 0.022| o0.11| 4.2} 0.33} 42,1 19.4] 52.1 12.3
Feed (caled) 100.0 0.044{ 0.48] 6.0} 2.29{ 100.0 |100.0 |100.,0 | 100.0

¥ This calecite concentrate assayed 15,35 Ca0d and recovered

X This calcite concentrate a
NOTE:

ayed 16,.6%

Ca0 and recovered

55,5% of the calcite,
30,5% of the calcite,

"Sulphide conc" contains the 1st and 2nd {lotation concentirates combined.
"Calcite conc" is the 3rd flotation concentrate.



Tests 17A - 17B

Test 17 and ground for 20 min to 874 ~325m,
magnetic separator set at O amp to remove the pyrrhot{te.
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A 150 g sample was cut from the flotation concentrate produced in

thls test are summarlzed in Table 23,

, TABLE 23

Resultr of Hagneilc Separatlon

The sample was fed to a Jones
The results of

o _ Assays Distribution
‘ " Weight -
Product g . 0z /ton % —
- Au TFe " Aud Fe
Pyrrhiotite conc | . 6.7 0.15 | 47.4 4.9 | 11.9
Tail 933 | 0.21 | 25.2 95.1 | 88.1
" Feed (calcd) 100.0 0.206 | 26.7 100,0 | 100,0 )

and both ground for 5 min. to 927 ~326m.

Tvwo 50 g-samples were cut from the magnefic éeparation tailing

in a solution maintained at 1.0 of NaCN/ton.
solution was kept at 1.0 1b of Ca0/ton for Test 17A and at 0,2 1b of Cal/ton

Each sample was cyanided for 48 hrs
The lime strength of the

for Test 17B The results of these tests are gshown in Table 24,
, TABLE 24
 Results of Cyanidation Tests 17A-17B
Cremn] Consunption Reducing Residue | BExtraction
Test opp plt ib/ton of conc. Power Assays %
1 i : 0z /ton Au
" NaCN Ca0 | cc N/10 KMnOg/1| = py o
174 | 78 | 12.6 | 5.6 15.0 | 380 0,105 | 49.0
178 | 78 | 11.1 5.6 |- 4.20: 400 0.105 hs.oA;j

Tailing U'ilow.

The overall recovery was 23,87 oi the gold conta1ncd in the

.

-




Tests 18A - 18B

in Test 18 and both ground for 10 min to 92

- 17 -

Two 50 g samples were cut from the flotation concentrate produced

Tests 18A and 18B were cyanidation

17B respectively.

Results of Cyanidation Tests 18A-18B

~325m.

tests similar to Tests 174 and

Table 25 shows the results of Tests 18A and 18B.

TABLE 25

Test ngp pll 1g?gigmgzlzgnc Rgi::ing Rﬁi;g;g Extraction
NactN | ca0 | ce N/10 Wnoq/1| ©° ﬁc’“ 17(“
18A 78 |12.7 | 4.2 | 17.0 448 0.125 52.8
188 | 78 |11.3 5.4 4.6 440 0.125 52.8

The overall recovery was 29.4% of the gold in the Tailing U'flow.

Tests 19A-19B

pectively.

Tests 19A and 19B were cyanidation tests similar to Test 17B
except that the 50 g samples cut from the flotation concentrate produced in
Test 19 were ground for 20 min to 947% ~325m and for 30 min to 96% -325m res-

TABLE 26

Results of Cyanidation Tests 19A-19B

The results of these tests are summarized in Table 26.

Consumption Reducing Residue
Test Tﬁgp pH 1b /ton of conc Power Assays | Extraction
, cc N/10 KiMn04/1| oz/ton %
NaCN | ca0 A a/1] o2/t e
19A 80 | 10,6 114 6.0 880 0,10 56.5
19B 79 | 10.4 18.0 10.0 1360 0.08 65.2

The overall gold recoveries were 29.5% and 34,47 respectively.




Tests 20A -~ 20B

A 150 g sample was cut from the flotation concentrate produced
in Test 20 and roasted for 45 min at 500°C, The calcine assayed 0,24 oz _
Au/ton, 1.03% As, 26,7% Fe and 1,78% S, The loss of weight was 12%. Two
50 g samples Here cut from the calcine for cyanidation,

Tests 20A and 20B consmsted of 48 hrs cyanidation tests without
grinding for Test 20A and with a 10 min grind for Test 20B, A screen test
made on both samples gave 65% ~200m and 927 -200m respectively. In each
test, the cyanide solution was maintained at 1,0 1b of NaCN/ton and 0,2 1b
of CaO/%on. Table 27 shows the results of Test 20A and Test 20B.

TABLE 27
Results of Cyanidation Tests 20A-20B

Temp | Consumption Regidue
Test H Reducing Assays | Extraction
. °F | P2 | 1b/ton calcine Pover 03,/ton 7
NaCN Ca0 cc N/10 KMnOy /1 Au Au
20A | 81 |11.3 6.0 9.2 72 0.04 81.8
208 | 80 |11.0 | 11.0 | 5.2 160 0.04 81.8

In each test, the overall gold recovery was 46.1%.,

Test 21

A 2,000 g sample of Taillng Utflow was floated using the same
procedure as in Test 18. In this test, the first and second flotation con-
- centrates were kept separate., The first flotation concentrate was then cut
into two portions, A and B, which were cleaned, as indicated in Table 28,
in an attempt to float the pyrite and to depress the arsenopyrite.

TABLE 28

Reagents and Conditions of Cleaner Flotation Test 21

' 'Portion
Operation
A B
Conditioning: 5 min
Reagents (1b/ton): Ki¥nO4 0.25 0.50
_pH © 8.5 8.4
Flotation: 6 min
Reagent (1b/ton): nil
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TABLE 29

Resulis of Flotation Test 21

Assays Distribution
. . Weight
Product 7 oz /ton % 7
Au As Fe S Au As Fe S

1st flot ¢l conc A 1.7 0.40 | 5.8 | 36.1} 40,1 15,0} 25,0 8.6] 25.7
1st flot cl tauil A 1.4 0,27 1.6 } 12,1} 5.4 6.5 5.8] 2.4 2,9

1st flot cl conc B 1.6 0.42 |{6.5 | 38,7} 40,1| 14,8| 26.3} 8.7} 24.2
1st flot cl tail B 1.5 0.22 2.3 | 14.5| 8.1 7.3 8.71 3.0 4.6

2nd flot conc 3.3 0.17 {2,217} 23,7{ 12,8 12.4} 18,1} 11,0} 15.9

Flot tail 90.5 0022{0,07] 5,25 0.78| 44,0 16.1] 66.3] 26.7

Feed (calcd) 100.0 0.045{0.,39 | 7.15 | 2.65 | 100.0 } 100.0{100.0 100,0
CONCLUSION

Straight cyanidation of the Madsen mill feed resulted in a 91,37%
gold extraction (Test 7)., This value is higher than that obtained at the
ladsen plant, possibly due to the use of a fresh cyanide solution.

Pyrrhotite can be removed from the mill feed by magnetic concen-
tration with gold losses of less than 1%, but no significant increase in the
overall gold recovery was obtained by cyanidation of the ore after removal of
pyrrhotite (Tests 2 to 5), However, a magnetic separation to remove pyrrho-
tite might reduce the build-up of deleterious elements in the cyanide solution
at the Madsen cyanidation plant.

No significant increase in the gold recovery was obtained by
selective regrinding of the gold-bearing minerals prior to cyanidation
(Test 6).

A treatment, consisting of cyanidation of the mill feed, flotation
of the cyanide reuldue regrlndlng and cyanidation of the flotatlon concen-
tratle resulted in a 0. 9% increase of the overall gold recovery (Test 7B).
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Because the cyanide residue produced from the sample of mill feed
was lower in gold than the Madsen mill tailing, a series of flotation tests
were run on the cyanide tailing from the Madsen mill. The tailings submitted
consigted of samples of the primary DorrClones overflow and the secondary
DorrClones underflow, aasaying 0.C11l oz Au/ton and 0,043 oz Au/ton respect~
ively, The gold content of the primary DorrC]ones overflow was too low to
justify an investigation,

: An acid treatment indicated that about 61% of the gold contained
in the secondary DorrClones wnderflow (Tailing U'flow) was associated with
sulphide minerals and 14% with carbonate minerals (Test 11), Flotation of
bulk sulphide concentrates from the Tailing U'flow recovered over 48% of the
gold in Tests 17 to 20, Thege concentrates were cyanided under different
conditions and the results obtained can be summarized as follows:

1. |IMagnetic geparation of the pyrrhotite prior to cyanidation does not
increase the gold recovery;

2, Decreasing the lime concentration has no effect on the gold recovery
but reduces the lime consumptionv

3. Increa31np the grinding time results in a marked increase in the
gold recovery; :

4,. TRoasting of the flotation concentrate pfior to cyanidation gave
the highest gold recovery;

5. Regrinding of the calcine before cyanidatlon has no effect in the
gold recovery. ,

Flotalion of a calcite concentrate to improve the gold recovery and
separation of pyrite from arsenopyrite by a cleaner flotation of a bulk
sulphide concenirate gave disappointing results (Tests 18 to 21),

Briefly, an appreciable decrease of the gold contained in the Madsen
cyanidation tailings can be achieved by flotation of a sulphide concentrate
from the U'flow fraction and recyanidation of the concentrate, This pro-
cedure reduces the U'flow Tailing from 0,043 to .028 oz Au/ton for a straight
cyanidation and to 0.023 oz Au/ton for a recyanidation preceded by a roasting
stage. These results, based on mill tailing composed of 50%, by weight, of
both 0'flow and U'flow correspond to a reduction in the gold content of the
final tailing from O. 027 oz/ton to 0,020 or 0.017 oz/ton.,
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