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MINES BRANCH INVESTIGATIONS IN
ORE DRESSING AND METALLURGY, JANUARY TO JUNE, 1935

I

REVIEW OF INVESTIGATIONS

W. B. Timm
Chief of Division

During the half-yearly period ended June 30, 1935, some sixty-two
major investigations were completed and reports thereon furnished to the
parties submitting the ores or other materials for examination and test.
In addition, numerous tests of minor importance were made.

Of the major investigations, the twenty-seven reports included in
Section II were preprinted as separates. Thirty-four reports of somewhat
lesser importance are synopsized in Section III.

Having as a basis for their flow-sheets the reports of investigations
made in the Ore Dressing and Metallurgical Laboratories, six new milling
plants have been erected by the mining companies concerned, changes and
alterations resulting in increased recoveries made in four operating plants,
two new milling plants are in course of erection and a number of others
under consideration.

The investigations were carried out under the direction and super-
vision of W. B. Timum, Chief of the Division of Ore Dressing and Metallurgy.
The microscopic examination and spectrographic analyses of ores and mill
products were performed by M. H. Haycock. The test work on metallic
ores was performed by C. 8. Parsons, R. J. Traill, A. K. Anderson, J. D.
Johnston, W. R. McClelland, H. L. Beer, and W. 8. Jenkins. The test
work on non-metallic minerals and industrial products was performed by
R. K. Carnochan and R. A. Rogers. The metallurgical work on iron and
steel products was performed by H. H. Bleakney. The chemical work
was performed by a staff of chemists and assayers under the direction and
supervision of H. C. Mabee, Chief Chemist.

Owing to the continued expansion of the gold mining industry, the
majority of the investigations were conducted on gold ores, or ores in which
gold was the chief valuable mineral. Many of the ores were complex, the
gold being associated with the sulphide mineralization in a finely divided
state or containing some cyanide-consuming mineral or minerals, which
made treatment difficult and which required exhaustive study, extending
the investigations over several months’ time. A number of the investiga~
tions were on problems of plant operation where difficulties were being
met with and increased recoveries hoped for by changes and alterations in
flow-sheets and plant practice.

1




2

Included in the investigations are a number of base metal ores. The
better market price for base metals and the upward trend in the price of
silver during the year was responsible for consideration being given to the
resumption of operations on the lead-zinc-silver ores of the Slocan district
in British Columbia and the copper-zinc deposits in Manitoba and north-
western Quebec. In view of this outlook, the ore of the Mammoth mine
was investigated for increased recoveries of the silver over those obtained
under the former methods used, and further work was done on Abana ore to
arrive at the relative value of bulk concentration as compared with selective
concentration of the minerals. The further investigation of the copper-
pyrite ore of the Eustis mine was carried out to determine whether milling
costs could be reduced by a change in plant practice. A lowering of costs
was essential to the continued operation of the mine. The silver-bearing
copper concentrate produced by flotation of the gravity plant tailing from
the pitchblende-silver ore of the Eldorado Gold Mines, Limited, Great
Bear Lake, N.W.T., was investigated to determine a commercial process for
the recovery of the silver. The silver is mostly contained in silver minerals
other than native silver, which is largely concentrated with the pitchblende,
and attempts to separate the silver minerals from the copper minerals by
differential flotation, making a high-grade shipping concentrate with a good
recovery, have not been successful. The investigation indicated what
would appear to be a profitable method for the recovery of the silver at
the property.

The investigation of the “Crocetol” frothing reagents manufactured

by Shawinigan Chemicals, Limited was productive in establishing their use
in the industry.

A brief synopsis and summary of the investigations on non-metallic
and industrial minerals and in ferrous metallurgy are given in the report.
A summary of the work of the mineragraphic and chemical laboratories
will be given for the calendar year 1935 in the Report of Investigations,
July to December, 1935.
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INVESTIGATIONS THE RESULTS OF WHICH ARE
RECORDED IN DETAIL

Ore Dressing and Metallurgical Investigation No. 609

GOLD ORE FROM THE ENGINEER MINE, ATLIN, B.C.

Shipment. A shipment of 500 pounds of ore was received on August
20, 1934, from the Mining Corporation of Canada, Limited. This sample
was from the Engineer mine, Atlin, B.C,

_ Sampling and Analysis. The shipment was sampled and assayed,
giving:

L7 1< 2:60 oz./ton
S 4 2:33 “
7T T Trace
L 1 PN 0-01 per cent
/41T O 0-05

Purpose of Experimental Tests. The Engineer mine has been in

operation from time to time for over 17 years. There is a 50-ton mill on
the property, the flow-sheet of which is briefly as follows: from a 50-ton ore
bin, run-of-mine ore passes to a Dodge crusher, 7 inches by 11 inches,
where it is reduced to $-inch size. Two ore feeders feed to two ball mills,
4 feet by 4 feet, in closed cireuit with 30-inch Akins classifiers, the classifier
overflow going to amalgamation plates. The sand returns of the classifier
go to an elevator, whence they pass over an impact screen, the undersize
of which goes over the plates and the oversize back to the ball mills, thus
keeping the metallic gold from accumulating in the grinding circuit. The
pulp from the plates goes through an amalgam trap and then to a double-
cone type classifier, the sand from which goes to two No. 6 Wilfley tables,
and the slime is thickened in a 12-foot Callow cone and tabled on a Deister
slime table. Middlings from all tables go back to the elevator to sereen
and over the plates again.

This shipment of ore was sent for determining whether the present
flow-sheet of the mill could be altered to increase the recovery of gold or
to yield a greater profit from the ore.

ExPERIMENTAL TESTS

The ore was found to be easy to treat. A series of straight eyanidation
tests showed that 98 per cent of the gold could be extracted when the ore
was ground to pass all through 48 mesh and approximately 50 per cent
through 200 mesh. Tests also showed that between 60 and 75 per cent
of the gold can be amalgamated, depending on how fine the ore is ground.
Blanket concentration followed by flotation recovered over 98 per cent of
the gold.
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STRAIGHT CYANIDATION

Test No. 1
Two large samples of the ore were taken and ground to the following
screen sizes in a small ball mill with water. Cyanide was added to the
pulp after grinding, to make a 1 pound per ton KXCN solution, and the pulp
density maintained while ¢yaniding was 2-5 : 1.
The following table shows the extraction obtained and the reagent
consumption:

Aiflslw. Bxtenoti Reageil]gs/%gnsumed,
) Extraction, ./ton
Test No. 0z./ton per cont
Teed Tailing KCN Ca0
B 2.6 0:035 98.7 05 3.6
B« N 2.6 0:035 08.7 0-5 3-6
Screen Test:
Weight,
Mesh per cent
- 65 0.
— 65 100 . 7-1
—100 4150 . 17.7
—150 4200 . 27-5
—200 475
1000
AMALGAMATION
Test No. 2

Tifty-four pounds of ore was cut from the shipment and crushed
through 14 mesh. The sample obtained was sized on the screens shown
in the following table and each size was amalgamated separately.

Teed Amalgamation tailing
Weight Extraction
Product percent | AV | g | AR | vaite | percent
oz./ton ‘ oz./ton

—14420...........00 17.85 261 4.059 1.78 3.177 31:2
=2043b6. . iiiiinnes 25-96 241 6-250 1.53 3-972 36-6
—35448..cihiinin 12.40 2:89 3.584 1-04 1-290 64:0
48465, 10-69 3:39 3:0624 0-69 0-738 796
05 e 3310 2.94 9.731 0-61 2.019 79-2
Total...u... 100-00 2.78 27.854 1-12 11-196 634

In order to achieve the best results it is necessary to erush to pass
48 mesh,

BLANKET CONCENTRATION FOLLOWED BY FLOTATION
Test No. 8

A large sample of ore was cut from the shipment and ground in a small
ball mill and then passed over a corduroy blanket. The blanket tailing
was then concentrated by flotation.




Screen Test:

Mesh per cent
N 3.7
B L S 10-6
B L1 1 25.4
B 11| 60-3
000 7 100-0
Results:
Weight ABs/ay' R
eight, oz./ton ecovery
Product per cent per cent ’
Au Ag
Blanket concentrate..........oeviruienneniin,, 0-458 407-64 |............ 758
Flotation concentrate........oovvivvienrnsenns 2-84 19.46 31-0 22-6
Flotation tailing............cooeevivinnennnnns 96-70 0045 . ...00vnnnes 1.7
Total...oivivirinniiiirennennneas 100-0 26 |ooieiiiiann. 100-0

The recovery of gold in the blanket concentrate and in the flotation
concentrate totals 98-3 per cent.

The ratio of concentration -would be about 30 to 1, or for every 100
tons of ore milled 3-3 tons of concentrate would have to be shipped.

Amalgamation of the blanket concentrate will recover 95 to 96 per
cent of the contained gold, so that about 70 to 72 per cent of the gold can
be obtained as bullion at the property. The amalgamation tailing from
the blanket concentrate, which will run about 10 to 12 ounces in gold per
ton,l can be mixed with the flotation concentrate for shipment to the
smelter.

The flotation reagents used were: 2 pounds soda ash, about 0-02
pound Aerofloat No. 25, 0-10 pound amyl xanthate per ton, and a little
pine oil,

CONCLUSIONS

If it is more profitable to produce bullion and to ship no concentrate,
the ore can be easily cyanided and a high recovery of the gold obtained.

The flow-sheet of a cyanide mill should include grinding in cyanide
solution and, as an additional safeguard, on account of the large proportion
of coarse gold the classifier overflow should be passed over blankets. The
use of blankets at this point will take care of any surges of gold over the
classifier which might have a tendency to pass through the agitations
before the coarser particles would have time to dissolve.

If, on the other hand, it is desired only to increase the recovery in the
present mill, this can be done by the addition of flotation in place of the
table operation. However, it would be well to keep in at least one sand
table to take care of any coarse gold passing the amalgamation plates.
The table could be used on the flotation tailing for this purpose.




Ore Dressing and Metallurgical Investigation No. 610

GOLD ORE FROM DUPARQUET MINING COMPANY, LIMITED,
DUPARQUET, QUEBEC

Shipment. The shipment, consisting of 1,100 pounds of ore, was
received on December 3, 1934. It was submitted by George Miller,
Manager, Duparquet Mining Company, Limited, Duparquet, Quebec.

Purpose of the Experimental Tests. The ore was submitted for test
work to determine the best method of treatment to recover the gold.

Characteristics of the Ore. Six polished sections were prepared and
examined microscopically for the purpose of determining the character of
the material,

The gangue is fine-textured, light greenish grey in colour, and sili-
ceous, though a considerable amount of chloritic material is present. It has
a well-defined schistosity.

Only two ore minerals, pyrite and arsenopyrite, are visible in appre-
‘ciable amounts. These two minerals are finely disseminated, with a
pronounced tendency to concentrate along lines parallel with the schis-
tosity. The pyrite is somewhat altered, often along ecrystallographic
directions, to a grey transparent mineral, possible leucoxene; its grain size
varies from & few millimetres to less than a micron, the average probably
falling well below 200 mesh. The arsenopyrite is much finer grained than
the pyrite, the average grain size probably falling below 400 or 560 mesh;
most of the arsenopyrite erystals are skeletal, only a diamond-shaped shell
being present.

A few extremely tiny grains of chalcopyrite are present in pyrite,
but the copper in the sample is probably far too small to be detected in
ordinary chemical analysis, No gold was visible in the polished sections.

Sompling and Analysis. The shipment was crushed and sampled,
and a representative portion assayed as follows:

LT3 1 0-31 oz./ton
4 R PP 0056 ¢
ATBEIIC. . ettt vt ee e e e et e e a e e 0-75 per cent

ExperiMENTAL TESTS

1. Standard cyanidation test. (Test No. 1).
2. Flotation tests. (Tests Nos. 2, 8, 4, 5, 6, and 7).

- .
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CYANIDATION
Test No. 1

Representative samples of — 14-mesh ore were dry-crushed fo pass
48-, 100-, 150-, and 200-mesh screens. IFrom each, 200-gramme portions
were cyanided by agitation in a solution of sodium cyanide, dilution
3 :1, equivalent in potassium cyanide strength to 1-0 pound per ton.
Lime at the rate of 5.0 pounds per ton of ore was added to give
protective alkalinity. Two tests were made on each size, one agitating
for 24 hours, the other, 48 hours. The reagents were added as required to

keep the solution up to strength.

Results:
L Assay . Reagents consumed,
 Product, mesh Aglllgal,:;rlgn, Au, oz./ton Eggxl*‘agg&n, 1b./ton
Teed Tailing KCN CaO
24 0-31 0-18 41.94 0-30 6-15
24 0-31 0-16 48.39 0:30 6:60
24 0-31 0-145 53-23 0-30 9-45
24 0-31 0-12 61.29 0-63 10:30
48 0-31 0-175 43.55 0:60 865
48 0.31 0.16 51.61 0:60 9.2
48 0:31 0-15 51.61 0-90 12.25
48 031 0-12 61.29 1.23 13-40

A screen analysis was made on the cyanide tailing.

Weight, per cent

Mesh

—48 mesh ~100 mesh] —150 mesh

Lo 117 122 ovreivivneni]errnininnnns

LR 13 0 L N 250 forviiinieii]ineiinanies .
e L1 T N 13.1 9-3 0:2
1504200 it i eeas 11.2 17-1 14.2
Fonc L1 38-5 73:6 85-6
100-0 1000 100:0

STRAIGHT FLOTATION

Tests Nos. 2, 8, and 4

Three tests were made using identical amounts of reagents but varying
the amount of grinding. Representative samples of —I14-mesh ore were
ground in jar mills, dilution 4 : 3, with the following reagents:

Boda ash. . ..oie i e s 21)(1)4 lb.‘/‘bon

Potassium amyl xanthate. . ..vevvivrnniinrererirreniarssinsssires 0:2 1b. /ton
o L 005
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Results of Test No. 2:
Assay Distribu~ Rati
Weight tion of atio of
Product gut, concen-~
per cent Au, As gold f
oz./ton per cent per ce;lt tration
100-00 100-00
1557 90-2 6.4:1
84.43 9.8
Results of Test No. 3:
Feed.ooooiiiiviniineriiininnnnes 10000 031 Looooiiiiel, 10000
Flotation concentrate............. 14.85 1.83 4.92 91.51 6:7:1
Flotation tailing..... N 85.15 (101 2 RN 8.49
Results of Test No. 4:
Y. s P 100-00 (1131 S A 100-00
Flotation concentrate............. 19.47 1.51 4.02 0360 51:1
Flotation tailing., ...o.vvuivivrnns 8053 0:025 [.vvvrnnanns 640

The degree of grinding is shown by a screen analysis on each tailing:

Tailing of { Tailing of | Tailing of
Test No. 2| Test No. 3 | Test No, 4

Mesh

Weight, Weight, Weight,

per cent per cent per cent

— 48--100.. 122 | tviiviis | vieiiaas
—-100-150. . 5.1 0:75 025
—150--200.. 16-1 8-25 5-05
—200...000iiinin, v s et e e e ans 776 91-00 9470
100-0 100-00 100-00

Tests Nos. 6 and 6
Two tests were made to determine the effect of copper sulphate added

to the cell. The reagents are otherwise identical with those used in the:

first three tests. The amount of grinding was increased in Test No. 6.

Representative samples of —14-mesh ore were ground in jar mills,

dilution 4: 3, with the following reagents:

The reagents to the cell were:

Copper SUlPhate. uveevt i viiiieerrreneirearnenas Cereeterrraanas 05 lb./ton
Potassium amyl xanthate.............. RPN R | I
Pine il eviereeerniinniennearnsnaninanes Ceverereesas N 005 «




Results of Test No. 6:

Assay Distri- s
Product Weight, bution Ratio of
per cent Au, As, ofgold, |, (éong.
oz./ton per cent per cent | centration

Feed.,ioovvrevrnennnnnnns 100-00 0-31 0-75 100-00
Flotation concentrate............. 16-67 1-73 4.34 89-65 6:0:1
Flotation tailing...... [ 83-33 0-04 |..... Ceeaees 10-35
Results of Test No. 6
Foel.vverisleenrnrsenennneennes 100-00 0-31 0-73 100-00
Flotation concentration........... 16-84 1-66 4.73 9307 5:9:1
Flotation tailing,......co.ovuvvens 83-16 0:-025 }.......... . 6-93

The degree of grinding is shown by a screen analysis on each tailing:

Mesh Test No. 5 Test No. 6

© Weight, per cent Weight, per cent

— 484100, .0vreiinenninnas 046 ...,

—100+150........ et reea e it e 4.35 1-90

— 1504200, ... s e 14.50 11-05

—200...000ininnnns P PN 8070 87-05
100-00 100-00

Test No. 7

A representative sample of —14-mesh ore was ground in a Denver
ball mill, dilution 4: 3, to give a product 85 per cent —200 mesh.

The reagent added to the mill was:

Soda ash...... P N

The Aerofloat was omitted from this test.
The reagents added to the cell were:

Copper sulphate............... Cerenieins Ceeeens Cererieaens

Potassmm amyl xanthate.

Resuits of Test No. 7:

4-0 1b./ton

0-56 1b,/ton
0-2 «

13

Assay Distri- s ‘
Product Weighté A A lz“tii)é‘ Rzgﬁ of
per cen A, 8, of go .
0z./ton per cent per cent centration ‘
Feed.....oovvvvnnenn 100-00 0-31 0-75 100-00
Flotation concentrate 16-06 1-89 4.87 92:33 6-2:1
Flotation tailing......c.covvvvnen. 83-94 0:08 |oeevernnnene 7.67
Screen Analysis on Flotation Tatling:
Weight
Mesh per cent
T o oo 11| Y PN AU ceerarias 0+65
~100--150 .
—150--200
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SUMMARY OF EXPERIMENTAL TESTS
1. Cyanidation at —200 mesh gives 61 per cent extraction.

2. Flotation on ore crushed 77 per cent —200 mesh gives 90 per
cent recovery, and on ore crushed 95 per cent —200 mesh the recovery
is 94 per cent.

CONCLUSIONS

The results of the mineragraphic examination and the experimental
tests show that the ore is very similar to the Beattie ore. It will be noted
that fine grinding will be required to liberate the gold-bearing sulphides.

~ In view of the fact that no better method than that used at Beattie
has been evolved for this type of ore, it is recommended that the Beattie
practice be followed but that the ore be ground finer than at present.
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Ore Dressing and Metallurgical Investigation No. 611

GOLD ORE FROM THE ATLIN PACIFIC MINING COMPANY, LIMITED,
BIGHORN CREEK, ATLIN MINING DIVISION, B.C.

Shipment. The shipment, consisting of 500 pounds of ore, was
received on December 3, 1934. The ore is said to be from the property
of the Atlin Pacific Mining Company, Limited, formerly the Norgold
Mines, Limited, of British Columbia, situated on the west side of Bighorn
creek, Atlin mining division, British Columbia. The shipment was
submitted by J. E. R. Wood, President, Atlin Pacific Mining Company,
Limited, 610 Pacific Building, Vancouver, B.C.

Purpose of Experimental Tests. The experimental tests were made
to determine the best method of recovering the gold.

Characteristics of the Ore. Six polished sections were examined miero-
scopically to determine the character of the ore.

The gangue consists of fine-textured white vein quartz and green to
brown altered country rock. A considerable amount of light earbonate
is present.

The ore minerals present in the polished sections are, in the order
of their abundance: pyrite, sphalerite, galena, chalcopyrite, ‘“limonite”,
marcasite, covellite, and native gold.

Pyrite is abundant and occurs as coarse to fine disseminated grains.
It contains numerous small inclusions of gangue, and irregular grains
and veinlets of sphalerite, galena, and chalcopyrite.

Sphalerite occurs in rather large masses, as grains and small stringers
in quartz, and as noted under pyrite. The massive type contains
numerous dots of chalcopyrite.

Galena oceurs in small amount, as grains and stringers in quartz
and as noted under pyrite. Marecasite is present in small amount as
narrow veinlets, chiefly in sphalerite.

Chalcopyrite, also in small amount, is present as irregular grains in
quartz, and as noted under pyrite and sphalerite. It is, in some places,
altered to covellite; here cores of chalcopyrite are surrounded by thin
shells of covellite which are in turn surrounded by shells of “limonite”.
The amount of these two minerals is probably very small.

Only one grain of native gold is visible in the polished sections. This
is approximately 8 microns (slightly below 1,600 mesh) in size, and occurs
in dense pyrite.

23003—2
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Sampling and Analysis. The shipment was crushed and sampled
by standard methods and a representative portion assayed as follows:

................................................... 0-35 oz./ton
veer 076 0%

Carbon dioxide

001 per cent
0-55 ¢

0-58
0-04 ¢
3:.50
4.50 «
1_20 3

ExPERIMENTAL TmsTS

1. Amalgamation.

2. Straight cyanidation.

3. Cyanidation with pre-aeration.

4, Blanket concentration followed by flotation.
5. Similar to No. 4, except using finer grinding.

AMALGAMATION
Test No. 1

Representative samples of the ore were crushed dry to pass 48- and

100-mesh sereens.

Portions of each were barrel-amalgamated in jar mills,

After separating the mercury and amalgam, the tailings were sampled

and assayed.

A screen analysis on each shows the degree of grinding.

Results:
Assay, Au, 0z./ton Extraction
Mesh No. of gold,
Teed I Tailing per cent
L 2SS 035 0:245 30-00
Lo L N 0:35 023 8429
Screen Analysis:
“"%gtffleSh —-log—r}llpsh
ailing, ailing,
Mesh weight, pei‘ cent weight, per' cent
i OO 870 e
5100, oottt e et e 24:30 ...
00150, e e v et s ereene e et 1575 9-65
1504200, 1«1 er st 15-00 22.95
=001 0erennnnnns Farareaneraea e ——— 3625 67-40
10000 100-00
STRAIGHT CYANIDATION
Test No. 2

Representative samples of the ore were crushed dry to pass 48-
100-, 150-, and 200-mesh screens. Portions from each were treated
by agitation in a solution of sodium cyanide, dilution 3 : 1, for periods
of 24 and 48 hours. The strength of the solution was equivalent
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to 1-0 pound potassium cyanide per ton. Lime was added at the rate of
5-0 pounds per ton of ore, to give protective alkalinity., Irequent addi-
tions of reagents were required to maintain the strength of the solutions.

Results:
Assay, . Reagents consumed
Mesh No Agitation, Au, oz./ton Hxtraction b./ton
. ours ! -
Feed Tailing | Pereent | gon Ca0
— 48 i 24 0-35 0-065 8143 1.44 11.80
—100.....000vivunnes 24 0-35 0-06 82-86 2.94 11.95
ot 1311 FN 24 0-35 0-03 91-43 2.8b 14-10
=200...000000000nies 24 035 0-0156 9571 2.85 1545
Ll TP 48 0-35 0-085 75.71 1.44 1210
e {11 RN 48 0-356 0-07 80-00 2.94 11.65
ot 1] | 48 0-35 0-025 0286 3-48 14.25
=200, ireiarrenrees 48 0-3b 0-015 9571 3-63 17.90
Screen Analysis:
—48-mesh, | —100-mesh,| —150-mesh,
Mesh weight, weight, weight,
per cent per cent per cent
860 [.vviierereeifereranionans
23406 |iieiiereriiidineiiiininas
15-70 900 |...0iviiarn.
13:75 21-85 17-3
3800 69-45 82-7
10000 100-00 100-00

CYANIDATION, PRE-AERATION TESTS

Test No. 8

Three tests were made to determine the effect of pre-aeration on
the consumption of reagents and the recovery of gold.

Representative samples of the ore were ground in jar mills, dilution
4 : 3, to give a product approximately 75 per cent —200 mesh.

Test No. 3a

The pulp from the grinding mill was washed into a large Winchester
bottle with excess water. After settling, the excess water was decanted
and the pulp made up to a dilution of 5 : 2, with fresh water. Sodium
cyanide was added to make the strength of the solution equivalent to 1-0
pound potassium cyanide per ton. Lime at the rate of 5-0 pounds per
ton of ore was added to give protective alkalinity. The pulp was agitated
for 24 hours. ‘

230032}



14

Results:
Assay, Au, oz./ton Estraction, Reagents consumed, 1b./ton
Feed Tailing per cent KCN Ca0
0-35 0-055 84.29 1-30 4.77
Test No. 8b

In this test, the pulp from the grinding mill. was washed into a pressure
aerator and subjected to 25 pounds gauge pressure for 4 hours. After
aeration the pulp was treated as in Test No. 3a.

Results:
Assay, Au, oz./ton Extraction, Reagents consumed, 1b./ton
Feed Thiling per cent KON Ca0
0:35 0-015 9571 1:80 5:27
Test No. 8¢

In this test the pulp from the grinding mill was added directly to
the bowl of a Denver super-agitator. Agitation without reagents was
maintained for 4 hours, after which sodium cyanide was added to make
the strength of the solution equivalent to 1.0 pound potassium cyanide
per ton. Lime at the rate of 5-0 pounds per ton of ore was added to give
protective alkalinity.

Results:
Assay, Ay, oz./ton Extraotion, Reagents consumed, 1b./ton
Feed | Tailing per cent KCN | Cn0
0:35 0035 90-0 276 685

The results of this test are not satisfactory on account of higher
consumption of reagents and a higher tailing than in Aeration Test No. 3b.

BLANKET CONCENTRATION FOLLOWED BY FLOTATION
Test No. 4
A representative sample was ground in jar mills, dilution 4 : 3, to
give a product which was approximately 73 per cent —200 mesh.

The ground pulp was concentrated on a corduroy blanket, which
had & slope of 2% inches in 12 inches.
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The blanket tailing was treated by flotation, using the following
reagents:

Soda ash..eeieeeieinnens Creeeean Cereiaies e vev.. 3:01b./ton
Potassium amyl xanthate............ e e se ittt ae s 02
Pine 0fluseeuraenruierarnnorocrsrorvescnssnsoncacersrassnsenrarass 001 €

Results of Blanket Concentration:

Assay, 0z./ton Distri- .
Product Weight, bution R%E)lr?- of
per cent Au Ag gérggég{,‘ centration
T 100-00 0:35 0:76 100-0
Blanket concentrate.............. 0-40 29.72 12:46 342 250 : 1
Blanket tailing............000s 9960 0:23 Jorvervnneens 65-8
Results of Flotation:
Assay, oz./ton Distri- s
, Product Weight, bution Raéglr?_ of
per cent Au Ag géfgég{; centration
1000 0:23 [..ovein... 100-00
. . 8.6 2:12 5-61 78.44 11.6:1
Flotation tailing......covvvnvnnuas 91.4 0:065 |.0eninsnns .. 21.56

Summary of Results:

Recovery of gold by blankets......vovvrviinrivieinnvennrieianes 34-2 per cent
Recovery of gold by flotation, 78-44 X 65:8......... 51-6 «

Overall recovery of 201d...vvureivvrerernrrvreens Cerveeans 858 per cent

Test No. b

This test was similar to Test No. 4 except for finer grinding. The
pulp was ground to approximately 84 per cent —200 mesh.

The same reagents were used for flotation, i.e.,

[ oS TN V- 3:01b./ton
Potagsium amyl xanthate .02 0«
Pineoil........ovvvunn.s et e v e e et ases 0.1 ¢
Results of Blanket Concentration:
Agsay, oz./ton Distri- .
Product Weight, bution R%glr?_ of
per cent Au Ag girggégé centration
Feed..vrvvreverrinen PN 100-00 0:35 fovvevvrannns 100-0
Blanket concentrate.......... vaee 035 33.04 13.77 356 286:1
Blanket tailing,........ Ceerraes 99-65 0:21 [oveenvnnnen. 644
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Results of Flotation:

Distri- s
Product Weight, Assz:ﬁr, butio(xil R%glg_()f
per cent oz./ton, gérggclmf'; centration
Feed.. . ooviiiiiiiii i et 100-0 0-21 100-0
Flotation concentrate......cvvviieeinrnrnnees 8:6 200 84-7 11.6:1
Flotation tailing.......oovviiniiiiiiiiiininans 91.4 0035 15-3

Summary of Results:

Recovery of gold by blankets.........ocoavveveiiiaiiiiiniiiin 35-6 per cent
Recovery of gold by flotation, 847 X 644....cvvvreevivrininnnns 546

Overall recovery of 2old....vuverevn i vierienenieernennns 90-2 per cent

Flotation Concentrate:
Copgel‘ .......................................................... 0-31 per cent
Loa 5000 “

ZiNB.seiviriiniiniineinnanes O 6-87 «

SUMMARY RESULTS OF EXPERIMENTAL TESTS

1. The recovery by amalgamation at 67 per cent —200 mesh was 34
per cent of the gold.

2. The recovery by straight cyanidation was 96 per cent of the gold
in 24 hours on —200-mesh ore.

3. Pre-aeration of pulp followed by cyanidation gave a recovery of 96
per cent of the gold, using less than one-half the amount of cyanide on 75
per cent —200-mesh ore.

4. Blanket concentration followed by flotation gave an overall recovery
of 86 per cent of the gold on ore crushed 73 per cent — 200 mesh.

5. A similar test using 84 per cent —200-mesh grind gave an overall
recovery of 90 per cent of the gold.

CONCLUSIONS

The results of the investigation show that to obtain the maximum
recovery of gold by cyanidation it will be necessary o grind in water from
75 to 80 per cent — 200 mesh, followed by aeration prior to cyanidation.

Pre-acration reduces the amount of cyanide consumed and gives a
better recovery of gold than straight cyanidation.

Fouling of solutions and excessive consumption of cyanide may be
expected in straight cyanidation.

The blanket concentration tests show that about 35 per cent of the
gold can be recovered on blankets at a 75 per cent —200-mesh grind.

The best method to use will probably be to grind with lime, concen-
trate the classifier overflow on blankets to remove free gold, and treat the
blanket tailing similarly to the Dome milling practice of pre-aeration and
cyanidation.

The small volume of blanket concentrate may be treated by barrel-
amalgamation and the residues reground and cyanided.
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Ore Dressing and Metallurgical Investigation No. 612

CONCENTRATION OF SILVER FROM THE LEAD-ZINC ORE OF THE
MAMMOTH MINE, SILVERTON, B.C.

Shipment, A. shipment consisting of two bags of ore weighing 160
pounds was received by freight December 12, 1934, from the Western
Exploration Company, Ltd., Silverton, B.C., A. M. Ham, manager. This
sample was said to have been taken from the Mammoth mine, Silverton.

The shipment was made to determine if the silver held in the zinc
concentrate of a selective lead-zinc flotation process could be isolated
from the zine. As this silver product would be united with the lead con-
centrate for shipment, the problem therefore is to make a lead-silver con-
centrate, and by re-treatment of the zinc concentrate, to obtain a further
concentration of silver.

Characteristics of the Ore. Specimens were selected from the shipment
and six polished sections prepared and examined in the mineragraphic
laboratory.

The ore consists of a gangue composed of dark, fine-textured country
rock which contains finely disseminated carbonate, veinlets of white quartz,
and veinlets of white carbonate. The sulphides appear to occur most
abundantly in close association with the veinlets of quartz which they have
invaded.

The most abundant ore mineral is sphalerite, which is present in large
masses and grains. This mineral has invaded country rock and quartz
and containg graing and veinlets of galena, tetrahedrite, chalcopyrite, and
marcasite. Galena and tetrahedrite are present in moderate amounts and
both occur as graing and veinlets, chiefly in the sphalerite, though a small
amount of each occurs in the gangue. Moreover, most of the galena con-
taing small grains of tetrahedrite. Chalcopyrite is rare, but occurs as
occasional grains in galena and sphalerite; the absence of characteristic
numerous small dots of chalcopyrite in the sphalerite is noteworthy.
A very small amount of pyrrhotite is present as irregular grains in galena
and sphalerite, and these grains are in some places surrounded by a thin
shell of marcasite that has probably resulted from the alteration of the
pyrrhotite. Occasional graing and veinlets of marcasite occur in the
sphalerite.

The zinc-bearizig mineral is sphalerite and this occurs in large masses
and coarse grains. As is usually the case, it may be assumed that the
tetrahedrite accounts for a large part of the silver, though probably galena
contains a considerable portion of this metal. In order to gain some idea
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of the grain size of these two minerals a quantitative microscopic grain
analysis was made of the galena and tetrahedrite occurring in sphalerite,
with the results shown in the following table, in which the percentages are
shown by volume.

Tetrahedrite
Mesh Galena Treo Combined
with galena
7.7
- 110
- 6.0
- 55 .
- 10-2 .
— 65
- [ X 2 P, 0-9
— 35+ 48 4.2 0.7 1.9
— 48+ 5.4 0-8 2.2
— 65100 3.4 1.1 1.9
—100--150 08 0-7 1.6
-1 1.0 0-6 1-6
—200-+280... 05 0:5 1.2
—280+400 1.1 0-4 2:0
—400-+560 1-6 0-3 2]
—560 1.0 0-2 4.3
BT TR 72.5 5-3 22:2

It is seen from the table that 4-2 per cent of the lead occurring within
sphalerite is finer than 200 mesh; 1-4 per cent of the free tetrahedrite and
12-1 per cent of that combined with galena are also finer than 200 mesh.
This indicates that considerable silver will be contained in the minerals
finer than 200 mesh.

ExprriMENTAL TESTS

The shipment was crushed, ground and sampled. Analysis showed
the ore to contain:—

[ 1 0:005 oz./ton
. 25.70 o

...40-5 per cent
...... 1.74 “

............................................................ 0-22 «

The investigation was one consisting wholly of flotation tests. An
endeavour was made to obtain a lead concentrate containing most of the
silver. In several tests, the zinc concentrate was re-treated to make a
concentration of silver. This analysis shows a lead to zinc ratio of 1 :23-2.
This is a very adverse condition for obtaining a lead-silver concentrate low
in zine. The large bulk of zinc mineral will undoubtedly entangle grains
of silver-bearing mineral.

* The results obtained show that 99 per cent of the lead and approxi-
mately 65 per cent of the silver can be recovered in a concentrate carrying
approximately 200 ounces of silver per ton, 20 per cent lead, and 35 per
cent zinc. )

A zinc concentrate containing 58 per cent zine and 15 ounces of silver

per ton can also be made. This represents an approximate recovery of
90 per cent of the zine.
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Test No. 1

A sample of the ore was ground wet in a jar mill containing iron balls
until 865 per cent passed 200 mesh; 6 pounds of soda ash, 0-10 pound of
cyanide, and 1-0 pound of zinc sulphate per ton were added to the mill
before grinding. The pulp was then transferred to a flotation machine
and conditioned with 0-10 pound of butyl xanthate and 0-09 pound of
pine oil per ton, and alead-silver concentrate removed; 1-0 pound of copper
sulphate, 0-20 pound of sodium xanthate, and 0-12 pound of pine oil per
ton were then added and a zine concentrate removed.

Results:
Distribution
Assay ’
. per cent
Product Weight,
per cent Ag, Pb, Zn,
oz./ton | per cent | per cent Ag Pb Zn
Feed (cal.)......... PP 100-00 24.91 1-64 39.81 100-0 100-0 [ 100-0
Lead concentrate............ 7.81 209-92 20-84 39-03 65-8 99-1 77
Zinc concentrate............ 61.87 13:27 | Trace 5875 330 fovuennns 91-3
Tailing............. 30-32 1-00 0-05 1-36 1-2 0-9 1.0
Test No. 2
In this test, no zinc sulphate was added in the grinding mill. In all
other respects, the test is the same as Test No. 1.
Results:
Distribution
Assay '
. per cent
Product Weight,
per cent Ag, Pb, Zn, 7
oz./ton | per cent | per cent Ag | Pb I n
Feed (cal).ivivevrnnnnnnnn.. 100-00 2483 1.58 39-61 100-0 | 100-0 | 100:0
Lead concentrate. .... P 885 181.74 17.87 42-24 64-9 99-0 9.4
Zine concentrate 5885 13.79 | Trace 59-35 32 B 88-2
Tailing............. Cereaees 32-30 1.94 | Trace 2-94 24 1.0, 2.4
Test No. 8
This test is the same as Test No. 1 with a finer grind, 94-8 per cent
—200 mesh.
Results:
Distribution
Assay '
Weight, per cent
Product
per cent Ag Pb 7n
oz./ton | per cent | per cent Ag I Pb l Zn
Feed (cal.).uvneneiviennnnns. 100-00 2450 1.56 39-46 | 100-0 100-0 | 100-0
Lead concentrate............ 11.09 150-31 13.93 41.75 68-0 99-2 11.7
Zinc concentrate............ 5676 12-81 | Trace 58-89 20-7 |..o..... 84-7
Tailing............. 32-15 1-73 0-04 4-38 2-3 0-8 3.6
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Test No. 4

The only difference between this test and the preceding one is that in
this test the soda ash was reduced from 6 pounds to 8 pounds per ton.

Results:

Distribution,
Weight Assey per cont
Product ! :
per cent Ag, Pb, Zn, 7
oz./ton | per cent | per cent Ag I Pb ] n
Teed (cal.)...... [ 100-0 24-68 1.58 39.27 | 100-0 [ 100-0 | 100-0
Lead concentrate ves 11.3 149.30 1378 4165 68.4 99-0 12.0
Zinc concentrate....... v 54.2 12:91 | Trace 59-40 283 {..000ud] 82:0
Tailing...oooiiiiiiiinnnenen 34-5 236 0-07 6-89 L 2% IR 6.0
Test No. 6

The reagents for the flotation of the lead-silver minerals were changed
from xanthate to Aerofloat No. 81; 0-20 pound per ton of this reagent was
added to the grinding mill together with soda ash and cyanide as in Test
No. 2. Other conditions were unchanged.

Results:
Distribution
Weight Assny per cont
Product H
per cent Ag, Pb, Zn,
oz./ton | per cent | per cent Ag Pb Zn

Feed (cal.)eeeiinenninnnenn. 100-00 24.82 1.54 39-51 | 100-0 ( 100-0 { 1000
Lead concentrate.. ... s 8:36 19068 18:50 38-22 641 99-0 8.1
Zinc concentrate............ 61.11 13:83 | Trace 58.34 340 (........ 90.2
Tailing....covvivennnnns 30-54 1.49 | Trace 2.21 19 |..iee. 1.7

Test No. 6

This test is similar to Test No. 5 with the exception that the grind was
somewhat finer, 94 -8 per cent —200 mesh.

Results:
Distribution
Weight Assay per cont
Product H
per cent Ag, Pb, Zn, A N
oz./ton | per cent | per cent £ Pb n
Feed (cal.)e.ivevvrninrnnnnn. 100-00 25+32 163 39-62 | 100-0 [ 100-0} 100-0
Lead concentrate Ve 7:85 20136 20-80 | - 36-12 62-4 99-0 742
Zing concentrate. .. .. N 6060 14.87 | Trace 57.74 356 88+3
Tailing....... eeeereeraeens 31.55 1.60 | Trace 5-68 2.0 [.... 4.5
Test No. 7

To note the result of strongly depressing the zinc minerals on the
silver recovery, a sample was ground wet with 6-0 pounds of soda ash,
1-0 pound of cyanide and 1-0 pound of zinc sulphate per ton to pass 96
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per cent through 200 mesh. Flotation was effected with 0-10 pound of
buty! xanthate and 0-09 pound of pine oil per ton; 2-0 pounds of copper
sulphate, 0-20 pound of sodium xanthate, and 0-12 pound of pine oil then
were added and a zinc concentrate removed.

Results:
Distribution
Weight Aseay per cent ’
Product H
per cent
Ag | Fb Zn, | Ag | Pb | Zn
oz./ton | per ecent { per cent g I
Feed (cal.).vvevrenennn. 100-00 2458 1.71 37.19 | 100-0) 1000 | 100-0
Lead concentrate. 5.33 283-17 30:20 2850 61-4 94.0 4.1
Zinc concentrate. 17.82 14-67 0-15 71.40 10-6 1.6 342
Tailing......... . 76-85 8-94 0.10 2986 28-0 4.4 61.7
Test No. 8

In this test, a lead concentrate and a zinc concentrate were made as

in Test No. 1.

The zinc concentrate was then reground with 2-0 pounds

of soda ash, 0-20 pound of cyanide per ton, and refloated to make a further
concentration of silver from the zinc concentrate.

Results:
Distribution
Weicht Assay per cent '
Product ght,
per cent Pb 7
! ! ! Ag Pb Zn
oz./ton | per cent | per cent
Peed (call)...ovvvnennen.nn. 100-00 21.89 1.77 39-63 100-0 | 100-0 | 100-0
Lead concentrate....... e 5.94 261-08 28-33 32-52 70-8 95-1 4.9
Zine concentrate........ 9-19 18-50 019 61-04 7-8 1.0 14.2
Zine middling............... 5542 772 0-10 5704 19-4 31 792
Tailing. . ..oovvevieevirnenns 2945 1.47 0:05 2.36 2:0 0-8 1.7
Test No. 9

This test is much the same as Test No. 8. The cyanide and soda ash
used in the re-treatment of the zinc concentrate were doubled and the
grinding time prolonged until practically all passed 325 mesh.

Results:
Distribution
Weisht Assay per cent !
Product ght,
per cent Ag, Pb, 7, N Ph 7
oz./ton | per cent | per cent g n

Feed (cal).evvvierennnnnen,. 100-00 2461 1.71 40.65 | 100.0 | 100-0| 100-0
Lead concentrate............ 7-30 217-54 2251 38:26 64:5 96-2 6-9
Zine congentrate............ 621 22-34 0:26 6156 59 0-9 9.4
Zine middling............... 57-65 12-09 0:05 58-48 28-3 1.7 82-9
Tailing, . ....oovveenennnnnn. 28.84 1-30 007 1-13 1.6 1.2 0-8
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Test No. 10

In this test, a bulk flotation concentrate was made. The concentrate
was then conditioned and floated to effect a separation of the lead and the
zine.

A sample of the ore was ground 90 per cent —200 mesh in a jar mill
together with 4-0 pounds of soda ash, 0-30 pound of sodium xanthate, and
floated with 0-12 pound of pine oil per ton. The concentrate was then
ground —325 mesh and conditioned with 0-50 pound of cyanide, 2-0
pounds of soda ash, and 1:0 pound of zine sulphate per ton. A flotation
concentrate was then removed, leaving a middling or zinc concentrate.

Results:

Disibuton,
Product Weight, P
per cent Ag, Pb, Zn,
oz./ton | per cent | per cent Ag l Pb | Zn
Feed (cal).veviieriiennnnnns 100-00 25-26 1.76 40-8 1 100-0 | 100-0 | 100-0
Lead concentrate............ 5-90 26361 26+71 36-63 61:6 89.4 5:3
Lead middling......cc....... 53:69 15.45 0:33 57.15 32.8 10-1 75:2
Bulk tailing...oooooveeniann 4041 3:49 0.02 1975 5.6 05 19:5

Many other tests were made using various reagents such as sodium
acid phosphate, sodium sulphide and sulphite. None of these gave results
equal to those in the report.

SUMMARY AND CONCLUSIONS

It is apparent that approximately 65 per cent of the silver can be
recovered in a flotation concentrate containing most of the lead and a
considerable proportion of zine. Choice of reagents does not seem to vary
the proportion of silver recovered. The main loss of this metal is with the
zine concentrate. Fine grinding of the zine concentrate and conditioning
does not cause the silver to float freely. The extremely large quantity of
zine sulphides present is the main factor governing this condition.

Tests Nos. 8 and 9 show that re-treatment of the zine concentrate
produces a product lower in grade than the feed. This, if added to the
lead concentrate, would dilute it.

The conclusion drawn from this investigation is that the ratio of zine
minerals to lead-silver minerals is too great to allow a high recovery of silver
by selective flotation.
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Ore Dressing and Metallurgical Investigation No. 613

GOLD ORE FROM THE CANADIAN RESERVE MINE, LARDER
LAKE, ONTARIO

Shipment. Two shipments of ore were received, one on October 8,
1934, and one on November 23, 1934. The first shipment consisted of
8 bags of ore, net weight 400 pounds. The second shipment, of one car-
load, represented two types of ore, as follows:

B 2T 4 1 28 NI 45,700 pounds
Graphitic material.........cooiii it e 6,355 ¢

The samples were submitted by Harlan H. Bradt, 67 Wall Street,
New York.

Characteristics of the Ore. The eight lots (bags) of gold ore in the
first shipment, were, on arrival, numbered consecutively from 1 to 8,
but were subsequently combined into three samples as follows:

Sample No, 1: “Porphyry’” ore (Lots Nos. 1 to 5 inclusive).
“ “  2: Graphitic ore (Lots Nos. 6 and 7).
“ ¢  3: Graphitic ore—special sample (Lot No. 8).

Specimens were selected from each of the three samples and 18 polished
sections were prepared and examined microscopically to determine the
character of the ore.

In the hand specimen the porphyry ore is light pink in colour and
appears to consist essentially of pink feldspar and quartz, giving a mottled
appearance resembling a porphyry. It contains abundant, disseminated
sulphide and is penetrated by veins of white quartz.

Polished sections show that the most abundant sulphide is pyrite
and that arsenopyrite is present in considerable quantity; that there is
a small amount of magnetite (?), probably mostly altered to leucoxene (?);
and that there are fraces of graphite, chalcopyrite, covellite, and native
gold.

The pyrite occurs in poorly formed crystals and irregular graing,
most of which are about 200 megh in size. It is commonly quite dense
and unfractured, and contains abundant small inclusions of gangue, a
few small crystals of arsenopyrite, rare tiny grains of chalcopyrite, and
extremely rare tiny grains of native gold.

Crystals of arsenopyrite are abundant in some sections, their grain
size being slightly less than that of the pyrite.
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Chalcopyrite is rare, and besides the small amount present within
pyrite small grains occur within the gangue. In some sections, which
represent ore that has obviously been exposed to weathering, the chal-
copyrite has been altered to covellite.

Graphite is present along occasional sinuous, thread-like lines of
shearing. It is quite brown, its somewhat abnormal colour probably
being due to the presence of ferric oxide as an impurity.

Six grains of native gold were seen. One occurs in the gangue, the
rest within pyrite. Rough caleulations give the following:

GOl N AU v v evr ettt et ern ittt enriereenrecnsnenrncnsnnes 52 per cent
LTI 5 T 48 «
Mesh Au, per cent

= 200 4 B8, e e e e e e et e e 52
= B2 41600, ...t e e e 35
—1600 - 2300, ... ittt e i e e i e e 10
2800, sttt e e i aa e 3

100

Pyrite and arsenopyrite are the only abundant ore minerals, and
it is probable that the trace of copper in the chalcopyrite and covellite
is not sufficient to cause trouble in treatment. Only moderate grinding
should be required to free the pyrite and arsenopyrite as their grain sizes
are comparatively coarse.

The presence of native gold was detected by panning a fraction of
the ground ore. The microscopic examination has shown that the gold
does oceur in a very finely divided state, both in pyrite and in gangue,
and some of this will be very difficult to extract on account of its extremely
finely divided state and its occurrence within dense pyrite.

The content of graphite in this sample is very low, and it is probable
that this will not affect the treatment to any extent.

The graphitic ore is composed chiefly of grey to white quartz with
narrow, slickensided zones of greyish black, finely banded schist, which
presents shiny graphitic surfaces and which contains considerable carbonate.
Sulphides are very sparingly present in the quartz, but are rather abundant
along bands in the schist. .

Under the microscope the only abundant sulphide observed is pyrite.
This mineral tends to form occasional massive aggregates in the quartz
and is very finely disseminated along bands in the schist. Chalcopyrite
and covellite are very rare and oceur as small grains in the quartz; chal-
copyrite also is present as rare tiny grains in pyrite.

A considerable amount of graphite is present along narrow bands
in the slickensided shear zones. It is brown in colour and occurs as tiny
grains and flakes, oriented parallel to the shearing directions, or banding,
and these are often much contorted. The brown colour of the graphite
indicates that it probably contains considerable ferric oxide as an im-
purity.

Only one tiny grain of gold was seen in this sample, and this occurs
within pyrite. Its size is approximately 800 mesh.

The pyrite is probably much more finely divided than that of the
“porphyry’’ ore, and would thus require finer grinding for liberation.
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Chalcopyrite and covellite- are present in such small amounts that
their presence is of no importance.

Although gold was seen only within pyrite, it is probable, from the
favourable character of the quartz, that it occurs free within this gangue.

The amount of graphite, while small, may be sufficient to affect
treatment of the ore.

Sample No. 8, which was a special sample of graphitic ore, is very
similar to Sample No. 2. However, the following points of difference
are to be noted: (a) there appears to be a somewhat higher content of
graphite; (b) the amount of chalcopyrite is slightly higher; (c) there is
somewhat more pyrite and it tends to occur in masses; (d) a few grains
of sphalerite were seen associated with tiny grains of chalcopyrite and
garbonate gangue; and (e) there appears to be a higher content of car-

onafte.

The higher graphite content of this sample may be expected to cause
trouble. Although the chalcopyrite content is relatively high, its amount
is probably too small to affect the treatment. The fact that pyrite tends
to form masses indicates that rather coarse grinding should free this
mineral. No free gold was seen, and hence no information was obtained
concerning its mode of occurremce.

The characteristics of the ore, of which three samples were examined
microscopically, may be summarized as follows:

The predominant types of gangue are the pink siliceous “porphyry”’
and white to grey vein quartz, through which a small amount of carbonate
is distributed somewhat erratically. Pyrites and arsenopyrite are rather
abundantly disseminated, and are not particularly finely divided, indi-
cating that comparatively coarse grinding should free them. Traces of
chalcopyrite and covellite (the latter only in oxidized portions) contribute
a trace of copper, but this is probably not sufficient to affect treatment.
A small amount of graphite, which is very finely divided, occurs along
sheared zones, particularly associated with the quartz gangue, and may
to some extent affect treatment.

A small amount of native gold was seen in both the pyrite and the
gangue. This is extremely fine, a condition which in commercial practice
may cause difficulty. As free gold was found by panning, it is probable
that this fine gold forms only a small percentage of the metal in the ore.

The ore of Shipment No. 2 (one carload), received on November 23,
1934, was similar in character to that of Shipment No. 1 but assayed
lower in gold. No microscopic examination of the ore of the second
shipment was made.

Sampling and Assaying. The samples assayed as follows:

e — Au, oz./ton | Ag, oz./ton C‘;)ﬁp&ﬁ::,
Porphyry (Lots Nog. L 10 8) . eeeeenreriiieninernroernsnens 0-36 006 |............
Graphitic (Lots Nos. 6and 7).....cvvivrrvrnrinnrenoenanss 1.12 0-09 0-48
Graphitic (Lot N0, 8)..vv.vvivurinuninrieneisisniiruniness 0-44 0-08 0-20
Porphyry (carload 1of).....covviiriniiniiinnierinrnennnnes 024 [.ccvvnnnnn. 0-21
Graphitie (3-ton 1ot).c. v ceiuri it 076 §...cc0vnnn 0-33
Graphite fault material.............coveiiiiiiiniinnn. Trace |....ocoeenn. 1-57
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ExPERIMENTAL TEsTS
A series of small-scale tests was carried out on the ore to find out
how it could be treated to recover the gold. The work consisted of flo-
tation and cyanidation tests, both alone and in combination. No test
work was done on Lot No. 8.
Approximately 85 per cent of the gold was extracted by straight

cyanidation from the porphyry ore represented by Lots Nos. 1 to 5 and .

also from the graphitic ore represented by Lots Nos. 6 and 7. By flotation,
96-9 per cent of the gold was recovered from the porphyry ore in a sulphide
concentrate assaying 1-91 ounces per ton in gold and amounting to 19-6
per cent of the weight of feed used. By flotation of the graphitic sample,
85-6 to 876 per cent of the gold was recovered in two concentrates amount-
ing to about 10 per cent of the weight of feed used. In this case a graphite
concentrate was taken off first and then a sulphide concentrate.

Further work was done on a mixture of porphyry and graphitic ores
congisting of 100 pounds of porphyry and 25 pounds of Lots Nos. 6 and 7.
A graphite and a sulphide concentrate was taken off and as much ag 96-4
per cent of the gold was so recovered. The pyrite concentrate was re-
ground 95 per cent through 200 mesh and agitated in cyanide solution.
An extraction of 88-8 per cent of the gold was obtained in 48 hours.

From a composite sample of graphite concentrates produced in Tests
Nos. 2, 3, and 7, 96-1 per cent of the gold was extracted by cyanidation
in 24 hours.

Some cyanidation tests were made on the ore, using kerosene oil to
render the graphite inactive as a precipitant, but this did not bring about
any appreciable increase in extraction.

- A composite sample of bulk flotation concentrate and blanket con-
centrate, assaying 2-47 ounces per ton in gold and containing 96-4 per
cent of the gold in the ore, was reground 99 per cent through 325 mesh
and cyanided for 24 hours. An extraction of 93:5 per cent of the gold
in the sample, or 90-1 per cent of the gold in the ore, was made. No
further extraction occurred when agitation was continued for an additional
24 hours.

By cyaniding the ore and floating the cyanide tailing, about 98 per
cent of the gold can be recovered, about 10 per cent of which will be in the
form of a low-grade bulk concentrate. In order to effect any worthwhile
recovery by floating the cyanide tailing it is necessary to float all the
sulphides, with the result that the concentrate is rather too voluminous
and low grade.

The remainder of the work was done on the carload shipment and
consisted of large-scale flotation tests with large- and small-scale cyanida-
tion tests on the concentrates. About 98 per cent of the gold was recovered
in the concentrates, leaving flotation tailings assaying 0-005 ounce per ton
in gold. Net recoveries by cyanidation of concentrates are estimated to
be in the neighbourhood of 90 per cent of the total gold.




27
Details of the tests follow:
Porphyry Ore
Test No. 1

A sample of the ore was ground approximately 75 per cent through
200 mesh and then floated. The products were assayed for gold, copper,
and graphite.

Charge to Ball Mill:
Ore...... S 1,000 grms. —14 mesh
Water.............. 750 c.c.
Soda ash............. 2-0 lb./ton
Barrett NO. 4. .ovuririveininiiiieeriieeseiiooninanes 0-26 «
Reagents to Cell:
Potagsium amyl xanthate...............coovivvivenn. 0:20 1b./ton
Pine 01l eies e et i i et 0-15 “
Results:
Wolah Assay Igistri-
eight, s ution
Product per cent Au, G('}‘; ?‘%I(l)g’w Copper, of gold,
oz./ton per o on’ per cent per cent
Flotation concentrate............. 19-6 1-91 0-48 3 96-9
Flotation tailing .. 80-4 0-015 0-20 0-05 31
Feed (cal.).evvnvrvninvnvinnnnn, 100-0 030 [.....oon.... 3 100-0

Graphitic Ore
Test No. 2—(Lots Nos. 6 and 7)

A sample of the ore was ground 64 per cent through 200 mesh and then
floated. The products were assayed for gold, graphitic carbon, and copper.

Charge to Ball M<ll:
[0 Y 1,000 grms.~14 mesh
Kerosene 0il. .o o.ceueerueintin e reeennrieensesiannnareres 0-20 Ib./ton
Reagents to Cell:
Graphite Float—
PiIne 01l .t e e 0-30 1b./ton
Cresylic acit. . .. vu vttt ittt e, 0-07
Sulphide Moat— )
Potassium amyl xanthate..........coovivivieriiiinrennnans 0-20 1b./ton
Sodaash..........coiiiiiiii e 20 “
Cresgylic acid 007 “
0 1T | 0-15 **
Results:
Weish Assay Igistri-
eight, irs ution
Product per cent Au, C;raf‘;ll’}::m Copper, of gold,
0z./ton per ¢ en{‘. per cent per cent
Graphite concentrate............. 3.8 13-34 9-00 0-42 42.2
Pyrite concentrate 59 9-40 1-85 0:90 454
Tailing.......oovvvvvnnnn .. 90-3 0-165 0-10 Trace 12-4
Feed (cal.)...ooovvivnnevnnnnnnnn, 100-0 1:20 Lo e

23003—3
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Test No. 3—(Lots Nos. 6 and 7)

A sample of the ore was ground 64 per cent through 200 mesh and then
floated. The products were assayed for gold, copper, and graphitic carbon.

Charge to Ball M<ll:
[0 G A P 1,000 grms. —14 mesh
Water.....ooveveniiinan 780 ¢.c.
Soda ash 2:0 1b./ton
Reagents to Cell:
Graphite Float—
Cresylic @cid..ooiiiieii ittt i c it e et 0-70 1b./ton
Pyrite Float—
Potnysium amyl xsnthate coooonv i ieiieiii e iiiiiieninennn, 0-20 Ib./ton
Pine 0Ll i e e e e et e aee 0-20

When the pyrite float appeared to be finished with the above reagents,
copper sulphate was added at the rate of 0-5 pound per ton of ore. No
further flotation oceurred as a result of this addition.

Results:

1 Assay Distri-

Weight, \ ot ution

Product per cent Au, %ﬁ,ﬂl&uo Copper, of gold,

0z./ton per co ok per cent per cent

Graphite concentrate............. 6-2 5-90 8:00 0-39 36-7

Pyrite concentrate. . . 39 1266 1.21 0-90 48.9

Tailing,............ .. 89-9 0-16 0-15 0-02 14-4
Feed (cal)eeieraiinnininenne., 100-0 1:00 Fooeeiiiin i e

CYANIDATION

Tests Nos. 4 and &

Samples of porphyry and graphitic ore were ground in ball mills
approximately 80 per cent through 200 mesh and then agitated in cyanide
solution, 1-0 pound of potassium cyanide per ton for 24 hours. The
cyanide tailings were assayed for gold. Test No. 4 was made on porphyry
ore and Test No. 5 on graphitic ore.

Results:
Feed Tailing Reagents consumed,
Test No. sample assay, Extraetion, Ib./ton
2ssay, u, per cent
Au, oz./ton [ o0z./ton KCN CaO
e e e 036" 0-055 84-7 1.0 5.1
7S 1-12 0-16 85-7 31 4.8
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FLOTATION

Further test work was done on a mixture of porphyry and graphitic
ores, 100 pounds of the porphyry ore being mixed with 25 pounds of the
graphitic ore known as Lots Nos. 6 and 7.

Test No. 6

A sample of the above mixture was ground in a ball mill about 75 per
cent through 200 mesh and then floated. The products were assayed for
gold, copper, and graphite.

Charge to Ball M<ll:
[ 1,000 grms. —14-mesh
B PN 750 c.c.
S0da ash. i e e e 2:01b./ton

Reagents to Cell:
Graphite Float—

Cresylic aCid. vvvrrerert i et i ety 0-50 ib./ton
Pyrite Float—
Potassium amyl xanthate.........ccovoveiiviiiiiienrinennnn, 0-20 Ib./ton
Copper SHPHAte, cvver e ireie i rineiaerrerrinrnerranas 0-60
Cresylic aCid. . vivvueriiin i in i iiee it iiirrenrnns 0-07 “
Results:
Weich Assay lb3ist1'i-
eight, e ution
Product por cent Au, G:&fg‘;ga Copper, of gold,
oz./ton P e”; P enf: per cent per cent
Graphite concentrate 0-8 15.37 4.0 1.43 23.5
Graphite middling 31 2:0 0-81 .. 12-5
Pyrite concentrate 15:0 1.9 0-14 58:2
Tailing............ 81.1 0-035 0-07 5-8
Feed (cal.)........ 1000 049 {............ 100:0
Test No. 7

A sample of the mixed ore was ground 75 per cent through 200 mesh
in a ball mill and then floated. The flotation tailing was passed over a
corduroy blanket set at a slope of 2-5 inches per foot. A portion of the
pyrite concentrate was reground 95 per cent through 200 mesh and cy-
anided for periods of 24 and 48 hours.

Charge to Ball M1ll:
1 - 6,000 grms, ~ 14 mesh
B3 A 4,500 c.c.
Sodaash.... ...t i i e 2:0 1b./ton
Reagents to Cell:
Graphite Float—
Cresylic 8CId. ... voveeen it eiiriiie e rieennanes 0-50 {b./ton
Pyrite Float—
Potassium amyl xanthate.. ....ooeiviviiverrinienerienranes 0-20 {b./ton
Copper SUIPhate...ovvurvverisrsierierrrerirnrenreroenennens 0-506 ¢
Cresylic @CId....uvierervrerrenesenereerarsnenseianrennsnenns 0.07 «

23903—3%
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Results:
_ Assay Distribu-
> eight ", tion
Product por cent Ay, (‘21;;1])31:)1:10 of gold, .
0z /ton per cent per cent
Graphite concentrate.....oovvvireiriveenenns 29 7.84 2:02 40-1
Pyrite concentrate............ 139 2:14 0-20 52:5
Blanket concentrate Vs 04 325 |.eeeieiin.. 3.7
Tailing, . .ovviiiriieeinnnnnes 82:8 0-0256 0-08 3.7
Feed (cal ) 100-0 0:67 [ieveeninn.n. 100:0
Norg.—Coarse gold was seen in the blanket concentrate,
Cyanidation of Pyrite Concentrates:
B TS B ) L U 2:14 Au, oz./ton
24-hour cyanide tailINg. .. vovieie ittt it ittt eret e rerereeens 0-26 “«
B0 T o3 | P 87.9 per cent
48-hour cyanide tailing......ccvurii ittt ii it iin i 0-24 Au oz./ton
15547 Lo | FO 88:8 per cent

Extraction per cent total gold in 48 hours 46 6 per cent,

Test No. 8

A sample of the mixed ore was ground 75 per cent through 200 mesh
and then floated. The products were assayed for gold, graphitic carbon,
and copper.

Charge to Ball M1ll:

1,000 grms.—14 mesh

750 c.c.
2.0 Ib./ton
0-16
Reagents to Cell:
Grephite Float—
28 11T I ) 020 1b./ton
Pyrile Float—
Potasgium amyl xanthate.....ooviriiineiinriineernerennss 0-20 1b./ton
Oresylio aeid.. v vvvviin et ittt e 0.-07
Results:
Voich Assny Distribu-
Weight, e tion
Product per cent Au, Gggfgéflm Copper, of gold,
oz./ton per con(’; per cenb per cenb
Graphite concentrate............. 35 9.6 1-84 0-38 586
Pyrite concentrate 12-9 168 014 |....iien. 37-8
Tailing. . .....covvveinnn.. 836 0-025 0:05 {...oviiiinn. 36
Feed (cal ) T 100-0 057 |oooviiiiiidde P 100-0
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Test No. 10

A sample of the mixed ore was ground 75 per cent through 200 mesh
and then floated. The flotation tailing was passed over a corduroy blanket
get at a slope of 2.5 inches per foot. IFree gold was found in the blanket
concentrate.

Charge to Ball M3ll: :
[0 1,000 grms.—14 mesh
5723 750 c.c.
71 TS N 1:0 1b./ton
Kerosene oil......vveieeirieiniiiarnvenenerrerererineiniiens 0-10 *

Reagents to Cell:
Graphite Float—

PINRE 06l . ve s et ettt e e s 0-15 1b./ton
Pyrite Float—
Barrett No. 4. .voiiiit i i i e s 0:36 1b./ton
Potagsium amyl xanthate........covovivivreneninrnenenns 0-20
Pine ofl..rueiiiii it e e e 020 «
Results:
Woizht Assay Distribu-~
eight, ir tion
Product per cent Au, %;Phgglo of gold,
oz./ton per cent per cent
Pyrite concentrate........cvvvrviiriiinnininns 15:5 2-20 0.17 64.8
Graphite concentrate....covvvvevivrenirnvnn,.. 2-3 6-97 2-84 30-5
Blanket coneentrate...oovvvvrreiiiiinneiaeinn. 0-1 8415 (............ 1.6
Blanket tailing. ..oovvvrvniiivin i, 82-1 0-02 0-07 31
Feod (cal.). . ivnivviniir i i 1000 0:53 |...ooeviitn. 100-0
Test No. 11

A composite sample of graphite concentrate was prepared by mixing
together portions of the graphite concentrates produced in Tests Nos.
2, 3, and 7. The calculated assay of this composite sample was 7-70
ounces per ton in gold. This sample was agitated in cyanide solution,
5.0 pounds of potassium cyanide per ton, for 24 hours, and the cyanide
tailing was assayed for gold. :

Results:
Feed SBIMPIC. o\t i rer et iieie et 7.70 Au, oz./ton
Cyanide tailing, . .vovve v iveeiiieeriiieinrennnsersonnenenes 0-30 “
JL 0 ATl 5 (o) F A 96-1 per cent of total gold.

Reagents Consumed:

KCN = 20-2 b/ton of concentrate
CaO = 775 “ “
CYANIDATION
Test No. 12

A sample of the mixed ore was ground approximately 85 per cent
through 200 mesh and agitated in cyanide solution for periods of 24 and 48
hours. Kerosené oil was added at the rate of 0-4 pound per ton of ore.
The tailings were filtered, washed, and assayed for gold.
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Results:
Feed sample: gold, 0-495 oz./ton.
Reagents consumed,
Product A‘ﬁif" E;g;accetgzn, 1b./ton ore
oz./ton KCN | CaO
24-hour cyanide tailing........oooviiiiinin, 0-06 87-9 1.6 5:10
48-hour e e 0-055 88.9 1-9 5:50

FLOTATION AND CYANIDATION

Test No. 18

A sample of the mixed ore was ground 75 per cent through 200 mesh
and then floated. The flotation tailing was passed over a corduroy blanket
the tailing from which went to waste. The flotation concentrate and the
blanket concentrate were united, reground all through 325 mesh, and
cyanided for 24 hours. Longer agitation than this did not result in higher
extraction.

Charge to Ball M7ll:
L 2,000 grms. —14 mesh
R Te F - | O R 2.0 1b./ton

Reagents to Cell:

Potassium amyl xanthate .v» 0:20 1b./ton
Copper sulphate......... ... 080 ¢
Cresylie acid..... 0.70
Resulis:
Distribu-~
s Assoy, "y
Product Toight, Au, ooty
14
0z./ton per cent
Flotation and blanket concentrates.....ooveeveeinrereennans 211 2.47 96-4
Blanket tailing....covniiiiiriiiiiiiiiiii e 78:9 0-025 36
T 7Y 0 PP 100-0 0:34 100-0

The mixed concentrate was cyanided down to 0:16 ounce gold per
ton in 24 hours, representing an extraction of 93:5 per cent of the gold in
the concentrate, or 90-1 per cent of the total gold in the ore.

CYANIDATION FOLLOWED BY BULK FLOTATION

Test No. 14

A sample of the mixed ore was ground 75 per cent through 200 mesh
and then agitated in cyanide solution, 10 pound of potassium cyanide per
ton, for 24 hours. The cyanide taling was then floated with the fol-
lowing reagents:

Potassium amyl xanthate vee
Copper sulphate e
L) T4 S LU V) (o 070«
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The flotation concentrate and tailing were assayed for gold.
Results:

Distribu-
Weight, | 2859 tion
Product per cent oz /t,on of gold,
. per cent
Flotation concentrate. ....o...vvireeirnenveiriieisriissens 16-2 0-31 85-7
Flotation tailing.....cvvveeererinreriieninrrssrneireieens 838 0-01 143
Cyanide tailing (cal.)..ecvrenvnvririniniiniiieiinienean, 100-0 0-059 100-0
Extraction by cyanidation..........covivviiiiviiiiiiiiiniiiiien., 881 per cent
Recovered in flotation concentrate...........ovvvviniineniiiniion.. 10-2 “
B 0T 72 B YT 3 o2 98-3 «

Reagents Consumed:
KCN = 1-31b./ton
Ca0 = 50
STRAIGHT CYANIDATION

Tests Nos. 16 and 16

A sample of the mixed ore was ground approximately 80 per cent
through 200 mesh and then agitated in cyanide solution, 1-0 pound of
potassium cyanide per ton, for 24 hours. The cyanide tailings were
filtered, washed, and assayed for gold.

Results:
Cyanide tailings......c.ovvvnvenne.ens e s e 0-07 Au oz./ton
Extraction.....oovverervinsinnins e ere e 859 per cent
Reagents Consumed:

KCN = 1:6Ib./ton
CaO0 = 651

Test No. 17
A sample of the mixed ore was ground approximately 80 per cent
through 200 mesh and then agitated in cyanide solution, 1-0 pound of
potassium cyanide per ton, for 24 hours. A graphite concentrate was then
floated from the cyanide tailing. The flotation concentrate and tailing
were assayed for gold. The following flotation reagents were used:

Soda ash..... .
Potassium amyl xanthate,...
Cresylic acid.......ocvvivnnnen
Results:
Distribu-
Weight, Affl?y’ tion
Product per cent on /t'on of gold,
: per cent
Flotation concenirate 1-4 0-27 6-0
Flotation tailing, . ... 98-6 0-06 94-0
Cyanide tailing (cal. 100-0 0-063 100:0
Extraction by cyanidation,..... e i een e tat e as e ratasans 87-3 per cent
Recovered in concentrate.......... 0-8 “«
Total recovery..... eereeireas «

Reagents Consumed:

KCN = 1.5 Ib./ton
CaO = b:26
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Mill Runs

All further work done was on the carload shipment of ore (Shipment
No. 2) and consisted of large-scale flotation tests, with a few large- and
small-scale cyanidation tests on some of the products. The flotation
unit used consisted of a ball mill in closed eircuit with a classifier, the over-
flow from which went to the flotation cells where a graphite and a pyrite
concentrate were taken off in two stages or a bulk concentrate was taken
off in one stage.

The ore was fed to the ball mill at the rate of 500 pounds per hour and
suitable reagents were added to bring about flotation. Some changes
were made in the reagent combination from test to test to see what differ-
ence, if any, were made in the ratio of concentration and recovery. The
flotation tailings remained fairly constant at or near 0:005 ounce gold
per ton for all tests, representing a recovery in the concentrates of approxi-
mately 98 per cent of the gold. Net recoveries as bullion were arrived at by
calculating an average tailing from the flotation tailings and the eyanide
tailings from the concentrates and deducting this from the feed sample
assay. Recoveries so ealculated were fairly constantly in the neighbour-
hood of 89 and 90 per cent of the total gold in the ore. The classifier
overflow, as a rule, varied from 64 to 70 per cent through 200 mesh.
Details of the tests will be given in the following pages.

M7l Run No. 1

In this run, the porphyry ore was fed to the ball mill at an initial
feed rate of 500 pounds per hour. After three hours of running the feed
rate was raised to 600 pounds per hour and left there until the end of the
run. The classifier overflow, at 30 per cent solids, was fed into a con-
ditioning tank with cresylic acid added at the rate of 017 pound per ton of
ore to float off the graphite. The overflow from the conditioning tank
went to the No. 2 cell in 2 battery of ten cells, TFrom Cells Nos. 2 and 3,
rougher concentrate was taken off and returned to Cell No. 1 in which it
was cleaned and discharged as final graphite concentrate. From Cells
Nos. 4 to 10, to which cresylic acid was added at the rate of 0-08 pound per
ton of ore, a low-grade graphite concentrate was taken off and returned as
feed to Cell No. 2. The graphite tailing from Cell No. 10 was pumped
to a second conditioning tank, where it was prepared for pyrite flotation,
Reagents used for this purpose were as follows:

To Tailing Pump:
Soda ash....ovvuiiiiiiiiii i i e e 0-80 lb./ton
Barrett NO. 4. viiiiniiiiiiiiii it it aiie e i e 040 ¥

To Conditioning Tanl:

Potassium amyl xanthate. ., veeeeeensenrrieriorerrseriorsssanensss 0-17 1b./ton

0TI 03 1 O 0.022 ¢
To Cell No. 6:

Potagsium amy] Xanthate....oouveeivnerrrirreaesorirvsassrossoens 0:044 1b./ton

The overflow from the conditioning tank went as feed to the first cell
in a series of ten cells. TFrom the first three cells in the series, final concen-
trate was taken off, and from the last seven cells a rougher concentrate
wag taken off and returned to the No. 1 cell to be cleaned.
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Resulis:
Assay
Graphitic
Gold carbon

oz./ton per cent
T R 0:24 0:21
Classifier OVerflowW. . .uvuuetvrineieruesnsiiseneisinsnereessnsnronsenses 016 0-19
Graphite concentrat....o.ovversvireriscnieersnsiresnssorniorniocsnones 3:37 1236
Graphite tailing............. veen 0-085 0:09
Pyrite concentrate 0-84 027
Flotation tailing, ... vvevurvivererereeonoeererosoerernoessnorsereannans 0:005 [consveancnes
Summary:

Distribu-
: Assay, A
Product N An, of old

oz./on per cen%
Graphite concentrate.....o.oevvvieiiiiiiiiiniiiiiii, 2-28 3.37 475
Pyrite concentrate...ooviiveresiieisirisiiiiiiiirsiiinsens 958 0-84 49-8
Flotation tailing.,....ov,vevirnrenrensreecisrnrieinsennenss 88-14 0-005 2:7
Classifier overflow (€al.)....ovvrverenruvrreervovevunrnoess 100-00 0-16 100-0

If the graphite concentrate be roasted and cyanided, 93-85 per cent
of its gold can be recovered, according to the results of such a test carried
out. On this bagis, the assay of the graphite concentrate would be reduced
t0 0-207 ounce of gold per ton. The pyrite concentrate can be expected
to produce a cyanide tailing assaying 0-175 ounce of gold per ton. This
figure is the average of the assays of the final samples from large-scale
cyanidation tests, Nos. 1, 2, and 3, made on pyrite concentrate. These
two end-products and the flotation tailing will give an average tailing loss
of 0-026 ounce per ton in gold which, deducted from the feed sample
assay, shows an overall recovery of 89-2 per cent of the gold for this test.
These calculations are based on the agsumption that the gold that has
accumulated in the grinding circuit is free and readily recoverable as soon
as it gets out of the grinding circuit.

Mi4ll Run No. 2

In this run the feed rate was 500 pounds per hour throughout, and
the ball mill discharge passed over corduroy blankets on the way to the
classifier. The classifier overflow, at 30 per cent solids, went to the gra-
phite cells through a conditioning tank where cresylic acid was added at
the rate of 0-30 pound per ton of ore. To Cell No. 4, an additional 0-09
pound of cresylic acid per ton was added. The cells were operated in
this run in the same way as they were in Mill Run No. 1.

The graphite tailing was then pumped to a second conditioning tank
and went from there to a second battery of ten cells, where the pyrite was
floated. This battery of cells was also operated in the same way as in
Mill Run No. 1.
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Reagents to Tailing Pump:

Soda ash..v.iieiraieeiiinnninnss Cereiennes e treseseariisiaiens 0:94 Ib./ton

Barrett No. 4..ceviniienieniniins, et eseeeeriestieshereanas vees 0021

To Conditioning Tank:

<

Potassium amy]l xanthate....cvvvivierniererereinrsensnansanss .. 020 Ib./ton

Pine oil..... Cereesseianiensnes rerresiernaias Creerereiieriieianens 0-026

Reagents to Cell No. 4:

Potassium amyl xanthate........... e e eteei et ettt aieanes 0-058
Pine oil.......... PR veaevenes 04026

Results of Run No. 2:

€«

Ib./ton

€«

' Assay
Graphitic
Gold
' earbon
oz./ton per cent'
T PP v er et iaeaaeaes 0:24 021
Classifier overflow.......... TSN Ceseiriasienes 0155 0-24
Blanket concentrate........ccovvvenene Ceeveneaes e eatieitariiaaa, 704 [l
Graphite coneentrate. .ouvereeseiareieeiarinas Cereereereieanaeas ere. 568 12-60
Pyrite concentrate.......o.uves. s eeianrae e beeas eeeaes 0-53 0-39
Flotation tailing.............. e ierereieree e eereteneiterieeraanan 001 |oveieiinnnen
Graphite tailing..... reeriienienes PN 008 foeivinnnnn, .
Summary:
: Assay, Distribution
Weight, '
Product ! Ay, of gold,
per cent oz./ton per cent
Blanket coneentrate.....c.oiviviieiiiiianiiiiniiiiiina, 1.14 764 36-3
Graphito concentrate,..c.ovvvverveneainns N 1.32 568 31-2
Pyrito concentrate.. 13+13 063 290
Tlotation tailing ves 84.41 0-01 35
Feed (Cal).iiriiieirsioiiniiiieniosretiosiansinsninie s 100-00 024 100-0

From the results of small-scale tests made on a mixture

of blanket,

graphite, and pyrite concentrates, it can be reasonably expected that
87-2 per cent of the gold in the concentrates can be extracted by cyanida-

tion without roasting. Therefore, with 96:5 per cent of the

gold in the

concentrates the extraction by cyanidation of the concentrates would be

96-5 X 87-2=84-1 per cent.

Mill Run No. 3

Run No. 8 was the same as Run No. 2 in all respects except that
copper sulphate, 0-53 pound per ton of ore, was added to the graphite
tailing pump to promote flotation of the pyrite, and the pine oil to the

conditioning tank was reduced to 0-013 pound per ton.
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Results:
Assay
— Graphitie
og(}lt(ciﬁl carbon,
i per cent
Feed......oovvvenns Ceeeeeseeaear e 0-24 0:21
Classifier overflow...... veeees Cerreneien. Chens 0:175 0-22
Blanket concentrate...... e e r et e e aee e aa s s aseeteraenas 588 f.ivivuiiinnnn
Graphite coneentrate.....coovvriverierreensiisriasrrrarceessnsctiassnnonns 4-40 1172
Pyrite concentrate.......cvovvvanens bt eer e e ararenrs 0-94 0:33
Flotation tailing.. . .ovvsveeervnreerererresrorscersssecoraseesnncsnsnss 0:005 [........ vees
Graphite tailing,....ccoovvienviieininnns Ceveeees e ereceerir e ncnraanns 013 [veevnnnnns
Summary:
. Assay Distribution
Product VYQ_'%B& Au, ’ of gold,
p oz./ton per cent

Blanket concentrate......covviiviiiiiiiniann. Ceeeireaes . 1.14 5-88 27+9
Graphite coneentrate......eeevevecerrvaerns 1.03 4:40 19-1
Pyrite concentrate....ooeeeeesineriernis 13-08 0-94 51-2
Flotation tailing. .oeuvvvseenrivinrenierrnviisianeiiiinens 8475 0005 1.8
Feed (Call).veurevriererenrereetaroateriorvssssnssraranes 10000 024 100:0

Extraction by cyanidation of concentrates, calculated as in Mill
Run No. 2, would be 85-6 per cent of the total gold.

Ml Run No. 4

Run No. 4 was the same as Run No. 3 except that no copper sulphate

or Barrett No. 4 was added.

Results:
Assay
—_— Graphitic
Gold
’ carbon,

oz./ton per cent
Feed.....ooovviviivaninnnns 0-24 0:21
Classifier overflow. 0-19
Blanket concentrate. . 5:95
Graphite concentrate 4.06
Pyrite concentrate.. . 1-08
Flotation tailing........... 0:005 |.
Graphite tailing......... 0-15
Summary:

: Assay, | Distribution
Product v‘é‘:_’%g& Au, of gold,
P oz./ton per cent

Blanket concentrate.....ovvieeeiireiiriiriiniesen 0-87 5-95 215
Graphite concentrate..... e rveeeieeseeerareerenne s 1-01 4-08 17:1
Pyrite concentrate........ e eerea e areetaeaease 13-23 1-08 59-6
Flotation tailing........... Cerierrrenreees Credeseriaeeaes 84-89 0-005 1.8
Feed (cal.)iovvviieneenevennnss tereeresenretasceseranenas 100-00 0:24 100-0
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Extraction by cyanidation of the concentrates, calculated as in Run
Nos. 2 and 3, would be 85-6 per cent of total gold.

M3l Run No. 6

The feed was made up of a mixture of the two types of ore in the
carload shipment. One bag of the graphitic ore was mixed with eight
bags of the porphyry ore and fed to the ball mill at the rate of 500 pounds
per hour. This and the re-introduction of copper sulphate into the reagent
combination, are the only differences between this run and Run No. 4.

Results:

Assay
— Graphitie
Gold,

carbon,

oz./ton per cent

T PN 0-30 0-22
Clasgifier 0verflow.. .. oviuuiiiiiiiiniiieiiiier ciiierrieiireriineranns 0:205 [....ovuvnns .
lanket concentrate........ovuuven... et ansttae heaetraeeeaearaeenn 8581 |..iiiius. -

Graphite COmCENEIAbe. .. vvtvirevrrineererineeaee i iernunseersunnsersnnes 3-18 13-24

PyrIbe CONCENBIATE. 1ot vvrsiissreeearenresesnueseninrsseesessorensnanens 1.27 0-35
Flotation tailg. . .o ivuusiiviinireerunnererniare cvrevernnirersnnnnenns 0:01 fhevenvunnnss
(€100 R U 0:155 [.ovuvnninnnn

Summary:
: Assay, Distribution
Product W‘:lggf{; Aun, of gold,
be oz./ton per cent

1-14 8-51 32.3

1.63 3-18 17-3

11-19 1.27 47.5

Tlotation tailing .. 86-04 0:01 2.9

Feed (CaL)ureineirnetiitnenoruneescsasanensinecnnssenes 100-00 0-30 100-0

Extraction by cyanidation of concentrates, caleulated as in Runs
Nos. 2, 8, and 4, would be 84:7 per cent of the total gold.

M3l Run No. 6

The feed was the same as was used in Run No. 5 but the blankets
were taken out of the circuit, allowing the ball mill discharge to go direct
to the classifier. The pine oil to Cell No. 4 in the pyrite circuit was raised
from 0-026 pound per ton to 0-04 pound per ton. In all other respects
the run was the same as Run No. 5.

Resulls:
Assay
—_ Graphitic
Gold,
oarbon.
oz./ton per cent
T 0-30 0-22
Classifier overflow... ... 0:23 fovivininnnns
Graphite concentrate 2-80 11-36
Graphite tailing... 0:196 [coevivnnnes
Pyrite concentrate, . 1.46 0-33
Flotation tailing... P 0-008 {...cvvununn
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Summary:
. Assay. Distribution
Weight 4
Product H Au of gold,
per cent oz./t<'>n per cent
Graphite concentrate . 1.34 2-80 16:3
Pyrite concentrate 12-71 1-46 807
Flotation tailing......... 85:95 0-008 30
Classifier overflow (cal.).. 100-00 0-23 100-0

Extraction by cyanidation of the concentrates, calculated as in Run
No. 1, would be 89-7 per cent of total gold.

Mill Rum No. 7

This was the same as Run No. 6 except that the pine oil to the No.
2 conditioning tank was increased from 0-013 pound per ton to 0-026
pound per ton.

Results:
Assay
— GOld, Gra,phitic
carbon
oz./ton per cen%
Feed..ooivivirrionsnneens e err ey s rrrarerr e 0:30 0.22
Classifier overflow....oovvvererereirreeniirsnaneroinns Cerarierraerenes 0:215 Jourveninnnen
Graphite Coneentrate. . ..ueerrrervrerrrorererorornesssroseriserasrcrons 228 9.76
Pyrito CONCENEIATO. .o\ vvverrerrerersrnesoonsstorsororastoroarsssaonenes 1.52 0:36
Graphite 62IHNE. ...ovvveerirr it iiernraernriernerisirsieaicreneean. 019 [oovoiviennss
Flotation tailing. . ....vveeeeninerenrorrnrsroerrossassoreenssensanaes 0:008 [vvvevernnns
Summary:
) s Assay Distribution
Product vgilggntt’,’ u, ’ of gold,
s oz./ton per cent
Graphite concentrate.......coevvveverrrrorvarreseriorass 1-20 2.28 12.7
Pyrite concentrabe. . oovvsverrereiernrirrororerrionionies 11-90 1-52 841
Flotation tailing......vevvrireerererrnarenrvronsosroncsns 86-90 0:008 3:2
Classifier overflow (Cal.)...vvvevrcisivrinrnrneninnninens 100-00 0-215 100-0

Extraction by cyanidation of concentrates, calculated as in Runs
Nos. 1 and 6, would be 90:3 per cent of the total gold.

M7l Run No. 8

Lime was fed to the ball mill with ore to prevent, as far as possible,
flotation of the pyrite with the graphite. Pine oil to the conditioning
tank in the pyrite flotation circuit was raised from 0026 pound per ton
t0 0-04 pound per ton; and Barrett No. 4, 0-09 pound per ton, was
added to the same conditioning tank., The operation of the cells was the
same as in all previous runs.
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Results:
Assay
—_— Graphitic
0(;’%%'“ carbon,
* per cent
Feed. .. oovviiiiiiriiiniiiiinninns v rireeaeeias ceeens e erienrreeraaes 0-30 0-22
Classifier overflow......vvvvieviiineivenieiennnnnses Ceeen vee 0231 [L.oiiinnnins
Graphite coneentrate...... verenaas e resaraaraaearas . 5-41 13-10
Pyrite concentrate.......o.oveuntn erereiee e raanes ves 1.28 0-27
Graphite tailing. .. ooie ettt it i i it i e ven 019 fooviiivinnes
Flotation tailing............ e iesaaeaas e eerseas it annan 0-005 |......
Summary:
s Assay Distribution
Product V&éilcg:él‘fé Ay, ! of gold,
P oz./ton | per cent
Graphite cOncentrate ....uveiiveeieiiieeerareierioeennns 079 5-41 18:5
Pyrite concentrate 14.40 1.28 79-7
Flotation tailil}% ........... 84.81 0-005 1-8
Classifier overflow (cal.).co.oivrieviiinrenrneranns evas 100-00 0.231 1000

Extraction by cyanidation of the concentrates, caleulated as in Runs
Nos. 1, 6, and 7, would be 89-3 per cent of the total gold.

Other mill runs were devoted to the production of a bulk concentrate
from a feed sample composed of one bag of the graphitic ore mixed with
12 bags of the porphyry ore. The ball mill discharge went direct to a
classifier, the overflow from which went through a conditioning tank to a
battery of ten flotation cells.

The feed entered Cell No. 1 and moved along progressively to Cell
No. 10. Tinal concentrate was taken from the first three cells and from
Cells Nos. 4 to 10 a rougher concentrate was taken off which was returned
to the feed of No. 1 cell for cleaning. The feed rate was maintained at
500 pounds per hour and the following reagents were added:

To Ball Mill:
Soda ash,.......cc0uue et tneeetaer e ienraaeae Ceettasrnreraneee 1-20 1b./ton
Potassium amyl xanthate.....covvreieinieneens Ceveraereaees veees 010

To Conditioning Tank:

Pine oil.......... v eeaerer e ieaeaes et eretret et araraanes 0-04 1b./ton

Potassium amyl xanthate,........... ettt ererairieaerareinenaas .. 010 ¢
To Cell No. 6:

Pine oil...... PN s esereraaieaas ciiiiresiness 0:04 Ib./ton

Potagsium amyl xanthate....ovvvvvvnieenns PPN Ceeeee , 003

To Classifier Overflow:
Copper sulphate...... e Cerrrearaeaas cerrressisasiraesessssess 034 1b./ton
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Mill Run No. 9

Run No. 9 was made for the purpose of building up and adjusting
the circuit to the new operating conditions and will, therefore, not be
reported as a test.

Mill Run No. 10

Run No. 10 was made under the above conditions, and the results
are as follows:

Assay
e Graphitic
Gold

carbon,

oz./ton per cent

T 0-29 0-22

Classifier 0Verflow,...vvvr it iriiniiininiiir e israinnineinesins 0-16 0-26

Bulk coneentrate. .ouvssesrieerisrerrirrnirieierivrarireniiiierirreneien 1.37 1-36
Flotation talling. .o uevssersurs e ersrerirrrerarneenranersrnsensessnsnes 0-005 0007

Summary:
: Assay Distribution
Weight, '
Product ? Au, of gold,
per cent oz./ton per cent
Bulk coneentrate.......ovveveivisorsnorinnsnnseoniosnnss 11-35 137 97-2
Flotation tailing........vveviiiiieiierrnneinieinorenennns 8865 0-005 2-8
Classifier overflow (€al.). ...vvvvvrrveerivirrerrvernessns 100-00 016 100-0

Agsuming a cyanide tailing from the bulk concentrate of 0-19 ounce
of gold per ton, and averaging that with the flotation tailing, the net
recovery as bullion is calculated to be 90-7 per cent of the total gold.
The assay, 019 ounce of gold per ton, used here as the value of the cyanide
tailing from a bulk flotation concentrate, was taken from the final samples
of Large-Scale Cyanidation Tests Nos. 4 and 5, pages 48 and 49.

A complete analysis of the bulk concentrate produced in this run
was as follows:

L) 1.37 oz./ton
(63 135 TP 1-36 per cent
5o 33:.20 ¢
AUIMING, vu i ettt enr e et inrerenenerrnereneaen eer rentbeereans 8-38 «
13T T 3324 ¢
1B 15-36  “
7 1 T 044 ¢
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M7l Run No. 11

This was the same as Run No. 10 except that Barrett No. 4 oil,
0-23 pound per ton, was added to the ball mill with the other reagents,
The results of Run No. 11 are as follows:

Assays

—— Graphitic

O(gt}lt((l)’n carbon,

* per cent

LT S 0-28 0-22
Classifier overflow....ovovu it ittt it iiieiiieanasiaenans 0210 [bouvivinnaan
Bulk coneentrabe..o.uveevrtvritieireirreriansiriirieterisittirisassnes 145 |ioiiiiniian.
TFlotation talling. .. ves s ureeeresereerseneseorasassrssassaesasssassons 0:005 |oevuvninans .

Summary:

Woight, Azsuy, Distribution

Product u, of gold,

per cent oz./ton per cent
Bulk concentrate. .. 14.18 1.45 08:1
Flotation tailing....,. 8 8582 0-006 1:9
Classifier overflow (cal. 100-00 0:21 100-0

Assuming a cyanide tailing from the bulk concentrate assaying 0-19
ounce per ton in gold, and averaging this with the flotation tailing, the
net recovery as bullion is calculated to be 89 per cent of the total gold.

A complete analysis of the bulk concentrate produced in this run
was as follows:

L6 U 1-45 oz./ton
Graphitio Carbom..euii i riirrriirisireroerrrersrrresenersnsnaeens 1-20 per cent
o NP 34.70
ARIMINA, st v rieaaietteearaasnsssnissserssnreesassncnssonsnes 11.55
LN D 37.67
1. 1017 ¢
'Y PN G 4.60 “
B3 1T RN 0-30

Cyanidation of Mill Run Products

Some cyanidation tests were made on concentrates produced in the
mill runs to find out how long the period of agitation should be in order to
get maximum extraction, having in mind the possibility of reprecipitation
of the gold by graphite.

CYANIDATION OF GRAPHITE CONCENTRATE

Test No. 18

Samples of the graphite concentrate produced in Mill Run No. 1
were agitated in cyanide solution, 5-0 pounds of potassium cyanide per
ton for periods of 24 hours and 6% hours in bottles, and another sample
was agitated for 24 howrs in a Denver super-agitator in solution of the
same strength. The tailings were filtered, washed, and assayed for gold.
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Summary:
Feed sample: gold, 3:37 0z./ton
Tailing Extracts Il{b 1:entt; consumetg,
syt assay, xtraction, ./ton concentra
Agitation u, per cent
oz./ton KCN | CaO
24 hours in bottle.......... P 1-62 L5 I PR Ceeaay
24« € e 1.72 49-0 7 6.8
«“ i, Cereerereie s 0-825 758 |eveeenseeoei|onninnns
“ “ R x s Esesanar s tesnsaanns 0:91 73-0 -9 5.4
24 hours in Denver super-agitator............. 1.53 54:6 2425 10-25

Barrel amalgamation was attempted on another sample of this con-
centrate but no extraction at all was obtained.

ROASTING AND CYANIDING GRAPHITE CONCENTRATE
Test No. 19

A sample of graphite concentrate produced in Mill Run No., 2 was
roasted at low temperature for about two hours, after which the tempera-
ture was raised to red heat for another hour. The caleine was washed and
agitated for 24 hours in eyanide solution, 5-0 pounds of potassium cyanide
per ton. Batch feed sample and cyanide tailing were assayed for gold.

Summary:

Feed sample of calcine
Cyanide tailing...

9:27 Au oz./ton
0-57 “«

Bxtraction. . ....ooooviiiiiiininniiiirsiiiierseeiiinsarsens . 9385 per cent

Reagents Consumed.:

KCN = 0-50 Ib./ton of calcine
Ca0 =720 « “

CYANIDATION OF PYRITE CONCENTRATE
Test No. 20

A sample of pyrite concentrate produced in Mill Run No. 5 was taken
for cyanidation tests. The sample was assayed and a screen test was
made to determine the grinding. TFour portions were agitated in cyanide
solution, 5-0 pounds of potassium cyanide per ton, for periods of 24 hours,
One sample was agitated without regrinding, and the others after 20, 30,
and 60 minutes of regrinding in a Denver ball mill. The products were
95-7, 99-5, 99-9, and all through 200 mesh, respectively. The cyanide
tailings were assayed for gold.

Summary:
Feed sample: gold, 1-03 oz./ton

Tailing . Reagents consumed,

Grinding, per cent through 200 mesh ”"Xﬁ?" E;g_aggﬁn' Ib./ton concentrate
oz./ton KCN ! Ca0

0-205 80-1 5.2 6-1

0-18 825 17-3 6.2

0-165 84.0 18-3 6:2

0:16 84:5 22:6 8.2
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In the last three tests of Test No. 20 the increase in cyanide consump-
tion is perhaps due to the grinding with steel balls in the Denver ball mill.

Tests Nos. 21 and 22
Two samples of pyrite coneentrate produced in Mill Run No. 7 were
agitated in eyanide solution, 5-0 pounds of potassium eyanide per ton, for
24 hours after they had been ground practically all through 200 mesh.
The tailings were assayed for gold.

Results:
Foed BRIMPIE, . vttt eieerrenieeeuesuesseesersusonsensansonss 1-385 Au, oz./ton
Cyanide tailing (Test NO. 21)..vviieieiieesrraressersrarasens 0:16 “
. (Test NO. 22) . iiveiviiininieininrnienssnrunies 0-20 “
Average tailling. ....ooiiiii i e e s 0-18 «
I 054010 1 87:0 per cent

Reagents Consumed:

KCN = 19-0 Ib./ton of concentrate.
Ca0 = 6.3 “ «

CYANIDATION OF A MIXTURE OF PYRITE, GRAPHITE, AND BLANKET
CONCENTRATES :

Test No. 23

From the above-mentioned three products of Mill Run No. 5, a
composite sample, supposed to approach the composition of a bulk con-
centrate, was prepared. The three products were mixed together in the
proportion in which they were produced, as nearly as that could be esti-
mated. The mixture was ground in a Denver ball mill for one hour and
three lots of it were agitated in ¢yanide solution, 5-0 pounds of potassium
cyanide per ton, for 24 hours. The remainder of the mixture was used as
a feed sample. It assayed 1-89 ounces per ton in gold and was 99 per cent
through 325 mesh.

Summary:
BT T B8 ) - 1-80 Ay, oz./ton
Cyanide tailing (1).iviveeererieerseruissrenesnssasersesiaseenans 0:23 «
3 T 0:235 «“
6 7 A P 0-27 «
Average tAINE, ... ieriiniiiirrnn et i iaer e 0-243 “
Average extraction. ...ttt i i i i i 87-2 per cent

Reagents Consumed (average):

KCN = 12.9 lb./ton of bulk concentrate.
Ca0 = 101 ¢ “

CYANIDATION OF CLASSIFIER OVERFLOW

Test No. 24
A sample of the classifier overflow from Mill Run No. 7 was agitated
in eyanide solution, 1-0 pound of potassium cyanide per ton, for 24 hours
without regrinding. The sample was 70-1 per cent through 200 mesh.

Summary:
Feed sample......ovevevinnnnnnens Seeeeaiii it ateaie e 0-2156 Au, oz./ton
Cyanide tailing, . oiiveriverioriierrarirereriesiiisserseneeens 0-06 “

D Y7 ) R, 721 per cent
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Reagents Consumed:
KCN = 085 lb./ton
Ca0 = 9010 &
CYANIDATION OF GRAPHITE TAILING

Test No. 26

A sample of the graphite tailing from Mill Run No. 7 was agitated in
cyanide solution, 1-0 pound of potassium cyanide per ton, for 24 hours
without regrinding. The sample was 69:5 per cent through 200 mesh.

Summary:
TPeet BAIMPIO. .v et e e rneerrsernseenesesaessnrserrsensacnronsons 0-19 Au, oz./ton
Cyanide taIlIng. . vovvvveeririerererrnernireensoseneerarasanens 0-035 «“
Extraction, cuovuiienennrrneeinrersoieerneirisnssserorvesannsas 81.6 per cent

Reagents Consumed:

KCN = 0-85 lb./ton
Ca0 = 9.8 “

CYANIDATION OF BULK CONCENTRATE
Test No. 26

Two samples of a bulk concentrate produced in Mill Run No. 10 were
ground practically all through 325 mesh in jar mills with steel balls and
then agitated in cyanide solution, 5-0 pounds of potassium cyanide per
ton, for 24 hours. The tailings were assayed for gold.

Summary:
Teed SamMPle... .. eitiiieiiiteeearsieenaaniesirraiorananassnoes 1-24 Au, oz./ton
Cyanide tailing: (1; ............................................. 0-20 “
16 TR 0-176  «
Average tailing, . .oovvriieiriee ittt 0-188 “
027 1 o3 VA 84-9 per cent

Reagents Consumed:

KCN = 17.75 lb./ton of concentrate
Ca0 = 14-25 “ “

Test No. 27

Another sample of bulk concentrate produced in Mill Runs Nos. 10
and 11 was ground with lime for one hour in a jar mill and then aerated
under 40 pounds’ pressure for four hours. The pulp was then transferred
to a bottle and agitated in cyanide solution, 5-0 pounds of potassium
cyanide per ton, for 8 hours. The tailing was assayed for gold.

Summary:
Feod BaIMPle.. . eereternertrineeierauurereiesrosioonsrnsessnnes 1-48 Au, 0z./ton
Cyanide tailing Cees . 021 “
BRtEACtION. vt vsiteinsssicenreenersrsnsonessasenstnrasntonens 85-8 per cent

Reagents Consumed:

KCN = 515 Ib./ton of concentrate
Ca0 = 10-80 “ “

The sample was ground 975 per cent through 325 mesh.
23003—43
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Test No. 28

Cyanide consumption was greatly reduced by the shorter agitatiom
period or by pre-aeration or by both of these factors. Another test
was carried out in which the concentrate was ground with lime and agi-
tated in cyanide solution, 5-0 pounds of potassium cyanide per ton, for 8
hours but was not given any pre-aeration. This sample was ground 995
per cent through 200 mesh.

Summary:
Teed BaMPle. . vt trrreeetttnriiieerererrteeerttstisannnns “v... 1:48 Au, oz./ton
Cyanide tailing.....veiviiiiieiiiiiiieriiisricitnestarnions ous 0-20 “«
55 4 7112 o3 866 per cent

Reagents Consumed:

KCN = 6-3 Ib./ton of concentrate
CaO = 11.7 “ «

From the results of Tests Nos. 27 and 28, it is apparent that cyanide
consumption can be greatly reduced by grinding in water and then giving
a short period of agitation. The use of pebbles instead of steel balls in
the regrind mills should tend further to reduce consurw ption of cyanide.

LARGE-SCALE CYANIDATION

Test No. 1

A large-scale cyanidation test was made on a composite sample of
pyrite concentrate, prepared by mixing together the pyrite concentrates
produced in Mill Runs Nos. 1, 2, 3, and 4, The composite feed sample
assayed 0-87 ounce gold per ton.

This concentrate was ground in cyanide solution, 5-0 pounds of
potassium cyanide per ton, in a pebble mill in closed circuit with a classi-
fier. The classifier overflow, at approximately 30 per cent solids and 93
per cent through 325 mesh, was transferred to a Pachuca tank and agitated
for 24 hours. The lime and cyanide were kept up to strength by additions
of these reagents when necessary.

At the end of three hours and every two hours thereafter during the
period of agitation, grab samples of the pulp were taken for assay. At the
end of the run a final sample was taken while the contents of the tank
were being discharged.

In the following tables are given a summary of the cyanide tailing
assays and the number of hours’ agitation from which they resulted.
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Results:

Agitation Assay,
Product hours | Au, oz./ton

Feed to pebblemill,....coeevvviinnnenn
Classifier overflow ceen .
Cyz?‘nide ta;éhng ........ e 0-145

3 {“°
[ o
L1 [
“® "
o "
" €«
ol 3
143 o
“ 13

("
« « 23% (Final) 0-19

. Test No. 2

A second cyanidation test was made on a sample of the same mixture
of pyrite concentrates. In this test the concentrates were ground 95 per
cent through 325 mesh but otherwise the test was a duplicate of the first.

Results:

Agitation Assay,
Product hours = | Au,oz./fon

Feed to pebble mill
Clasgsifier overflow........
Cyzlx‘nide ta}‘iling ..........

o "
{“° 3
3 3
[ "
“ 143
“ "
143 o
&“ 3
“ &«
“ &«

POPPPOPPOOD
okt Ptk ek el =t G0 QO
gc\ghl&l&hﬁO\‘l

23
24 (Final) 0-15

Test No. 3

" A third eyanidation test was made on a mixture of pyrite concentrates
produced in Mill Runs Nos. 5 and 7, the calculated assay of the mixture
being 1:435 ounces of gold per ton. The classifier overflow, at 30 per cent
solids and 95 per cent through 325 mesh, was agitated in a Pachuca tank
for 21 hours. Samples for assay were taken as in the former tests.

The object was to find out how the higher grade feed would respond
to eyanidation as compared to that used in the first two tests. The results
obtained show just as good a tailing from the higher grade concentrate as
from the lower.
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Results:
Agitation, Assay,
Product hours Au, 0z./ton
Feed to pebble mill............... e 1-435
Classifier overflow...... 0-40
Cyanide tailing,........ 0-245
“ “ Ceeens 0-18
“ it tet it reeatrerarseaiiaenanas Ceeerreriiiaees 0-165
«“ “©o 0-136
« o 0-125
« i 0-125
« @ TR 0'14
b M ou
€ w 013
“ o . 19 0-13
« e T sssses setesisicannsssinnntssranes 21 (Final) 0-185

Test No. 4

The next test was made on a mixture of pyrite and graphite concen-
trates. All such concentrates produced in Mill Runs Nos. 6 and 8 were
mixed together, the calculated assay value being 1-65 ounces of gold per
ton. The concentrates were reground as before and the classifier overflow
agitated for 24 hours at 30 per cent solids. Samples for assay were taken
efvery 1lllour, to find when reprecipitation of the gold by graphite started,
if at all.

Results:
Agitation, Assay,
Product hours Au,0z./ton
Feed to pebble mill........oovviiiiiiniiiinioiiniiiiiinndocinn, 1-65
Classifier OVerlOW . uvuieireriiernierteerneiosneeranestressererseslerierenseenes 0.49
Cyanido tailing............ vevee 1 0-205
“ « Crerrerrie. N 2 0.21
£“$ €@« ¢ 3 0.18
“« “o 4 0-176
“« £ 5 0'17
“« e 6 0-175
“ “ e 7 0-175
“ “ 8 0-175
“« « 9 0.18
“ ¢ 10 0-18
« “ 11 0-18
“ « 12 0-18
« “ 13 0-17
“ “ 14 0-17
“ “ 15 0-17
« “ 16 0-17
“ o 17 0-17
“ “ 18 0-17
“ “ 19 0-17
“ “ 20 0-17
“ “ 21 0-18
“ “ 22 0-185
« « 23 0-20
“ “ 24 (Tinal) 0-195
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Test No. 6

Another composite sample of pyrite and graphite concentrates was
prepared, the proportion of graphite concentrate being double that used
in the previous test. Agitation was continued for only five hours, with
samples taken every hour.

Agitation Assay
Product hours | Au,o0z./ton

Feed topebblemill, .. .. coiiieiiiiiniiiiiiiriieiiiiiiiiiiin e 1-74
Classifier 0verfow. ..v.vev et iieiiieiiinriannrsneniiereireneennas 0:65
Cya}‘xﬁde ta;éling ....................................................

« €«
€« €«
€« €«

CONCLUSIONS

There is little doubt as to the feasibility of concentrating this ore by
flotation. In all the tests conducted low-grade flotation tailings were
produced, with the ratio of concentration varying from 6-6 : 1 to 8-8 : 1.
By careful operation of the cells, the ratio of concentration can be kept
at or near the higher figure and 98 per cent of the gold recovered in a con-
centrate assaying from 1.5 to 2-0 ounces per ton,

The problem of treating the concentrate in order to recover the gold
remains and this may be golved by cyanidation or smelting. By cyanida-
tion of the concentrates, 85 to 90 per cent of the gold can be recovered
ag bullion at the property. If the concentrates are sold to a smelter
practically all of the gold in them will be recovered at the smelter. Of
these two schemes the one yielding the greater net return to the owners
is the one to use.

If the concentrates are to be cyanided it will be necessary to regrind
them practically all through 325 mesh, and to guard against excessive
consumption of cyanide the regrinding had better be done in water, using
pebbles as a grinding medium. The classifier overflow would go to a
thickener and the thickener underflow to an agitator, where the lime
and cyanide would be added. The period of agitation should not be
longer than 8 hours.

In the cyanidation tests on bulk concentrates no serious trouble,
such as precipitation of gold by graphite, was found, but unroasted graphite
concentrate so treated by itself showed considerable evidence of pre-pre-
cipitation after 24 hours of agitation. There i, therefore, no reason to
anticipate trouble if the graphite be floated with the pyrite as a bulk
concentrate, but if a graphite concentrate be taken off separately it should
be roagted and cyanided or else sold to a smelter.
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Although no roasting tests were made on bulk concentrates it is
reasonable to expect a somewhat higher extraction of gold by roasting
than by treating them raw, but whether the additional extraction will
more than repay the added cost of roasting is a matter that will have
to be studied.

In the primary grinding circuit there will be a tendency for gold to
accumulate in the mill and classifier, unless steps are taken to prevent it.
This might be accomplished by passing the mill discharge through a
hydraulic trap or a unit flotation cell or over corduroy blankets on its
way to the classifier, but the device to be used for this purpose will depend,
in some measure, on the nature of the primary grinding unit.
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Ore Dressing and Metallurgical Investigation No. 614

GOLD ORE AND MILL PRODUCTS FROM PAYMASTER CONSOLIDATED
MINES, LIMITED, SOUTH PORCUPINE, ONTARIO

Shipment. On January 2, 1935, a shipment of gold ore and mill
products was received from the Paymaster Consolidated Mines, Limited,
South Porcupine, Ontario.

The shipment comprised 190 pounds of ore, 10 pounds of mill tailing,
and 7-4 pounds of tube mill feed (classifier sand). The samples were
submitted by Bertrand Robinson, Mill Superintendent, Paymaster Con-
solidated Mines, Limited.

A second shipment, of 122 pounds of mill tailing, was received on
February 4, 1935.

Characteristics of the Ore and Mill Products. The samples consisted
of crushed ore containing a number of small hand-specimens. Several
of these larger pieces were selected and twelve polished sections were
prepared and examined microscopically. A sample of the tube mill feed
was also mounted and polished and examined, but no native gold was
visible in the two sections.

The ore samples examined microscopically consisted chiefly of dark
green chloritic schist and white vein quartz; a considerable amount of
white carbonate occurs in the quartz. An appreciable amount of rather
finely disseminated crystalline pyrite occurs chiefly in the chloritic por-
tions, and some magnetite is disseminated in the chloritic gangue; the
magnetite commonly shows alteration to hematite, and, in some sections,
to a transparent mineral which is probably leucoxene.

A very small quantity of chalcopyrite oceurs as small irregular grains
in gangue and pyrite, and rare tiny grains of pyrrhotite are present in the
pyrite.

Only seven grains of gold were visible in the twelve sections studied.
Some of these graing are associated with a soft grey mineral which occurs
in about the same quantity as the gold and which is too finely divided to
determine. The quantitative data concerning the gold, based on the
very meagre information available, are shown below:

Grain size Microns Per cent
4800 .. S19 e 29

— 80041100 .....cveviiiiiiieiinas =19-H13 . 20

—=1100--1600 ......oooviiiiiiiien, =13+ 9 . 33

—16004+2300 ...........cviiiiiinnnn, -9+ 6 ... 11

=2300 i, =6 e e 7



_ Mode of occurrence of the gold:
In dense pyrite:
(0) A OME. ettt ettt ittt 62 per cent
(b) Associated with small amount of unknown grey mineral...... “
100 per.cent
It is probable that the above data are not representative and that
coarse gold (not cut by the polished surfaces) is present in the ore, but
this can better be determined during test treatment. That the presence
of finely divided gold in the pyrite will be a factor in treatment is certain,
but its order of magnitude cannot be estimated from the above data.
Sampling and Assaying. The ore was crushed and sampled and the
;nﬁl products were sampled. The assays of the feed samples were as
ollows:

Gold, Silver,
oz./ton  o0z./ton
R O0C. . ie vttt ieee e it et ereaeneaanrneneneaineneianens 0-28 0-12
B 73 1 T O 0-03 —
Tubemill feed.... ..ottt ittt iean 1-55 —_
Mill tailing (2nd shipment)........cooiiiiiiiiniiineniiinns 0:03 —_

Scope of Test Work. Experimental tests and examination of the
mill products were carried out for the purpose of obtaining information
covering the following points:

1. The form and association of the gold occurrences in the ore.

2. The range existing in the size of the particles of gold and gold
minerals (if any).

3. The extractions obtainable under conditions with the following
variables in a straight cyanide circuit:

a. QGrinding.
b. Contact.
c. Reagent strength.
d. Agitation dilution.

4, The recovery effected by amalgamation prior to cyanidation—
both |by direct contact and by recovery from a blanket concentrate
and/or a table concentrate. _ :

5. The possibilities of differential grinding of a table concentrate.

While a few tests were carried out on the mill products, the larger
number were made on the sample shipment of raw ore.

ExXPERIMENTAL TESTS
Test No. 1

Two samples (2,000 grammes each) were given a 30-minute grind
in a water pulp. One lot was agitated in cyanide solution for 24 hours,
the other for 48 hours. A cyanide strength equivalent to 1 pound of
potassium cyanide per ton of solution was used. The pulp dilution was
2-5: 1.

Assay N Reagents consumed
s ! Extraction '
Product Aglllt(z)t:;gn, Au, oz./ton of mold, 1b./ton

Feed Tailing | PF°® | KON | CaO
Cyanide tailing..... 24 0-28 0-03 89-29 0-25 5:19
Cyanide tailing...... 48 0:28 0-02 92-86 0-25 5:13
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Screen Test of Cyanide Tailing:

Mesh
150

100-0

The cyanide failings were repulped and fed to a small laboratory
Wilfley table. The results of this are shown in the following table:

. Distribu- | Ratio of
Weight, Assay, .
Product per cent | Au, 0z./ton pe&‘l%g;l + contci%r;traf
Foed. ..o it e 10000 0-025 100-0
.. 6-25 0-23 43-4 16:1
93-75 0-02 56-6

The table concentrate was reground and cyanided for 48 hours in a
solution having an initial concentration equivalent to 2 pounds of potassium
cyanide per ton of solution.

Assay x . Reagents consumed,
H traction !
Product Au, oz./ton of gold, 1b./ton di]fl‘xl’g:m
Concenteate] Tailing per cent KCN Ca0
Cyanide tailing. ..... 0-23 0-145 870 1-84 2.87 1-67:1
Gold recovery by primary cyanidation...............ocouvenn... 92-86 per cent
Gold in table concentrate from cyanide tailing................... 3-10 “
Gold recovered by re-cyanidation of table concentrate........... 1-15 “
Overall recovery of gold, 92-8641-15.......0cvieiuneenniennennn. 9401 «
Test No. 2

In this test the ore was given a coarser grind than in the preceding
test. Other conditions were the same.

N Assay, Extrac- Reagﬁx)lt/s t(cionsumed, Pul

gitation Au, oz./ton tion ./ton ulp

Product hours of gold, dilution
Feed Tailing | per cent | KCN Ca0

Cyanido tailing....... 24 0-28 0-04 857 0-25 4.25 2:5:1

Cyanide tailing....... 48 0-28 0-04 85:7 0-13 4-12 2-5:1

Screen Test of Cyanide Tailing:
Mesh

F100..eveiiiiiiiiiiinins D N P
—100+150. ... . ..
-—150--200.......

=200, . e

1000

The cyanide tailings were repulped and fed to a small Wilfley table.
A slightly larger concentrate was cut than in the previous test.



: Distribu- | Ratio of
Weight, Agsny, tion concentra-
Product per cent | Au, oz./ton per cent tion
T A 100-00 0.04 100:00
I 7-43 0-35 58-41 13.46:1
il s e i i e e i s 92.57 0.02 41.59

The table concentrate was reground and cyanided for 48 hours in a
solution having an initial concentration equivalent to 2 pounds of potassium
cyanide per ton of solution.

Assay, Extracti Reagents consumed
xtraction !
Product Au, oz./ton of gold, 1b./ton di:[l)l:léi‘:)ll
Concentrate| Tailing | P | KON | Ca0
Cyanide tailing. ..... 0-35 0-195 44.28 0-1 3-8 3:1
Screen Test—Cyanide Tailing of Table Concentrate:
Mesl Weight,
esh per cent
B (11 7R NP 0-2
—100--150.... 2:9
—150--200. .. 10-5
200, e e e e e e e 86-4
100-0
Gold recovered by primary cyanidation........ PN 85+7 per cent
Gold in table concentrate from cyanide tailing....................0 8.35

Gold recovered by re-cyanidation of table concentrate. .. ... 370 ¢
Overall recovery of gold, 85:7 4 3-70....cooevvreivnevirnennns 894 ¢

The results of this test would indicate that fine grinding is an essential.

From the two above tests the sulphides are shown to carry about 50
per cent of the undissolved gold.

Test No. 8

In this test the ore sample was ground in a water pulp for 45 minutes.
hThe pulp was cyanided in two lots, one for 24 hours and the other for 48
ours.
sium cyanide per ton.

The results are as follows:

The cyanide concenfration was equivalent to 1 pound of potas-

A A Assnslr. E)étme« Reagelnlfs/gonsumed, Pul

gitation, u, 0z./ton ion ./ton Pulp

Product hours ! of gold, dilution
Feed I Tailing | per cent | KCN | Cal

Cyanide tailing,...... 24 0-28 0-03 80-20 0-25 4.25 2511

Cyanido tailing....... 48 0-28 003 89.29 0-25 4.17 2:65:1
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Screen Test on Cyanidation Tailing:
Mesh

+-150
~150--200
-200

..............................................................

100-0
The tailings from the above cyanidation tests, less the amounts cut
out for assay, were repulped and fed to a laboratory Wilfley table.

. Distribu- | Ratio of
Weight, Assay, A
Product ) tion, concentra~
per cent | Au, oz./ton per cent tion
Table feed.ouuv.vnvreririrrniienereninineenss 100400 |............ 100:00
Concentrate. .oovvuveenererrenrrernrsnienrnnns 2-49 0-43 26-79 40-16 : 1
Tailing. . vverveesrernvennunerieenesnvnsenesns 9751 0:03 73.21
Test No. 4

A sample of ore (1,000 grammes) was ground in a water pulp for 35
minutes. Two samples were cut out and then agitated for 24 hours and
48 hours respectively. The cyanide concentration of the solution was
equivalent to 1 pound of potassium cyanide per ton.

Screen Test on Feed to Cyanidation:

Weight,
Mesh per cent
11 T 0-2
= BB04200. 4 et e e e e e et areaeas 2:5
R 97-3
100-0
Acitat AABB&}/’, E:étra.c- Rea.genltg (;onsumed, Pul
gitation, u, 0z./ton ion ./ton ulp
Product hours of gold, dilution
Feed Tailing | percent | KCN CaO
Cyanide tailing....... 24 0-28 0:03 89-29 0-1 3:95 3:1
Cyanide tailing....... 48 0-28 0:025 91.07 0-3 4:10 3:1
Test No. &

In this test the sample of ore was ground for 30 minutes and the
cyanide strength of the solution was equivalent to 2 pounds of potassium
cyanide per ton. .

Agitoti AAES&}/,{; E:éj;ra.c- Reugexl:ﬁs/gnsumed, Pul

itation, u, oz./ton ion ./ton ulp

Product hours of gold, dilution
Feed Tailing | per cent | KCN CaO

Cyanide tailing,...... 24 0-28 0-03 89:20 0-10 4-06 3-13:1

Cyanide tailing,...... 48 0-28 0-025 01-07 0-33 4.01 3-30:1

There was no improved extraction due to the increase in the cyanide
strength of the solution.
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Test No. 6

A sample of the ore was ground in a water pulp for one hour. A screen
test indicated that 99 -5 per cent of the ore was ground to pass a 200-mesh
screen, Agitation was carried out for 48 hours in c¢yanide solution having
a strength equivalent to 2 pounds of potassium cyanide per ton. The
pulp dilution was 2-5 : 1. '

Assay, : Reagents consumed,
Product Au, oz./ton ngtrggi‘,&?n 1b./ton
Feod Tailing | PTmt | gCON Ca0
Cyanide tailing.......co0vvvvenns 0-28 0-03 89:29 0-27 4.25

Finer grinding alone and increased cyanide strength did not appear to
influence the extraction of gold.

Test No. 7

In this test the ore was ground in a water pulp for 45 minutes and then
cyanided for 69 hours in a solution the strength of which was equivalent

to 2 pounds of potassium cyanide per ton.

The pulp dilution was 3 : 1.

Assay, Extraction Reagents consumed,
Product Au, oz./ton of gold, Ib./ton
Teed Tailing | Pereemt | geN CnO
Cyanide tailing........ocovnvnnns 0-28 0-015 04.64 1-01 5.99

The results of this test indicate that increased period of agitation
(longer contact) may have a favourable influence on the extraction, and a
further long contact test was made to check these results.

Test No. 8

In view of the results obtained in Test No. 7, a test was carried out
with 72 hours’ agitation on a sample ground to the same size as in the
previous test. The cyanide strength, however, was reduced to 1 pound
of potassium cyanide per ton.

Assay, : Reagents consumed
Product Au, oz./ton Egr;gltéon Ib./ton ! d _ll’utl_p
; ilution
Feed Tailing por cent KCN CaO
Cyanide product...... 0-28 0-015 04.04 0.3 6-10 3:1

The screen size at this grinding was 99-1 per cent —200 mesh.

e . B
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Discussion of Cyanidation Tests
In practically all of the cyanide tests a protective alkalinity was
maintained by an initial charge of 5 pounds of CaO (lime) per ton of ore.
The consumption of cyanide was low.

Time of agitation influences the extraction favourably. Strength of
cyanide solution does not appear to influence the final tailing. Fine
grinding is an important consideration.

AMALGAMATION, BLANKET CONCENTRATION, AND FLOTATION

The following tests were made using plate amalgamation, blanket
concentration, and flotation. The results indicate that there is no advan-
tage to be gained by adopting any one of these methods.

Test No. 9

In this test a sample of the ore was ground wet in a pebble jar and the
pulp fed over an amalgamation plate.

Gold Infeed, . .uuunevirieereeneenesiererasrnonorserneranesenrans 0:28 oz./ton
Gold in amalgamation tailing..... P 0.225 ¢
Recovery of gold by amalgamation.....eeevnirvenrenrnenneninnss 19-6 per cent

A screen test indicated that 84-8 per cent of the ore was ground to
pass a 200-mesh screen.

Test No. 10
A sample of ore (2,000 grammes) was ground wet and the pulp was
fed to a corduroy blanket.

The concentrate was barrel-amalgamated with mercury and the tailing
was cyanided in two lots, one for 24 hours and one for 48 hours.

The results of this test are as follows:

. Distribu- | Ratio of
Weight, Assay A
Product per cent | Au, oz./t,on p etrmclgnt con&%x:ltra,-
T 100-00 0.28 100-00
Coneentrate.............ovvviiinreininnnn, 3-22 4.187 48.15 3106:1
Talling. et vnirrieeiieninreneenennenennennes 96-78 0:156 5186
Amalgamation of Blanket Concentrate:
(0 16 T T L S 4.187 oz./ton
Gold in amalgamation tailing. . .........ccoiviiiviiiiiiieineiinnen, 0-57 “
Recovery of 20ld. ... oviiiiiiivi ittt i 86-39 per cent
Secreen Test on Blanket Tailing: '
Mesh Weight,
-+100..
—100--150. .
—150-+200. .

—200..
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Cyanidation Tests on Blanket Tailing:

Initial solution:

Cyanide equivalent to 1 pound of potassium cyanide per ton.
Lime, 5 pounds per ton of ore.

Acitat A Assm¥£ E:étmo- Reageinlt)s/%onsumed, Pul
itation, u, oz./ton ion ./ton ulp
Product hours of gold, dilution

Feed Tailing | per cent | KCN Ca0

Cyanide tailing....... 4 0-15 0-025 83-3 0-1 4:04 3:2:1
Cyanide tailing....... 48 0-15 0-03 80-0 0-1 4.37 3:15:1

The results obtained from the blanket tests do not indicate that there
are any advantages to be gained by their use.

Test No. 11

In this test the cyanide tailing was floated. Flotation is not.very
satisfactory, owing to the carbonates present in the gangue causing a
bulky, soapy froth.

The results of the test are as follows:

A A ABS“% Extrac- Reagengi c/onsumed, Pul
gitation, u, oz./ton tion Jton il
Product hours ! of gold, dilutﬁm

Teed Tailing | per cent | KCN Ca0

Cyanide tailing....... 24 0.28 0-025 91.07 0-1 3.7 2:6:1

Flotation of Cyanide Tazling:
Reagents added to Cell:

3RS - | 4.0 Ib./ton
LT 505 o131 1 PR 1.0 “
Potassium amyl xanthate, . ..vvevivivriirivrnrirerirrerirereinenes 0-4 “
52T 31 006 ¢
. Distribu- | Ratio of
Weight, Assay, :
Produet per cent | Au, oz./ton P ::ocié'nt con&ix;ltm-
Feod.o,iovieriviiiinnnnnns e erreeeeearerras 100:00 [............ 100-00
CONCENETALE. v v vt vt ereereetnerernenernnnerses 8.85 0:08 20-57 11.3:1
BN ) R 91-15 0-03 79-43

Another flotation test was run on the cyfmide tailing after regrinding
for 5 minutes with 4 pounds soda ash per ton.

The results showed little concentration of gold.

The presence of carbonates and chloritic material in the gangue
renders flotation both difficult and unsatisfactory.
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TESTS ON MILL PRODUCTS

A few tests were carried out on the mill products submitted. Par-
ticular attention was paid to the mill tailing, and differential grinding
tests were made on the table concentrate obtained from this product.

The tube mill feed was composed of primary classifier sand, bowl
classifier sand, and spigot sand.

Test No. 12

A sample (1,000 grammes) was barrel-amalgamated with mercury,
without regrinding, for one hour.

Gold in tube Mill feed. ..y uurrernrirneneneneninrnenreenssensnsnencnns 1.55 oz./ton
Gold in amalgamation tailing.........ovvviiiriiernneiniiiiienneens. 0-4256 ¢
Recovery of 0ld. . uviivrieiinenrirnenersiineroenenrenreniononns 72-58 per cent

This would indicate that, at the grinding size shown below, slightly
over 72 per cent of the gold is free-milling.

A screen test on this product wag as follows:

Weight,

Mesh per cent
- IR 1.3
< S 3-0
1 2 al: - 4.3
Lo L TR 5.9
Ll 21 oo L 17-5
Bl £ e O 23-7
1804200, ..o r e e e e e ia e 20-8
K11 237
100-0

Several cyanidation tests were carried out on the tube mill feed
product,.

The cyanide strength of the solutions at the start was equivalent to
1 pound of potagsium cyanide per ton. Two tests were run on the material
ag received, and two tests were made on reground product.

Test No. 13 (Material as received)

A A Assa% Eztrao- Rea%enfg %n- Pul
gitation u, oz./ton jon sume Jton ulp
Product hours ! of gold, ! dilution
Feed Tailing | per cent | KCN | Ca0
Cyanide tailing. .. 24 1-55 0-16 8968 0-1 4:10 3:1
Cyanide tailing, 48 1.55 0-156 90-00 0-1 4:25 3:1
Test No. 14 ( Material reground)
Agitati Phipey T | ot oo Pul
gitation, u, oz./ton ion sume ./ton ulp
Product hours of gold, ! dilution
Teed Tailing | per cent | KCN CaO
Cyanide tailing....... 24 1-55 0-10 93+55 0-3 8.1 3:1
Cyanide tailing....... 48 1.65 0:05 96.77 06 89 3:1

230035
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Screen Test on Reground Product: o
Mesh 1‘;2?%93%
03
2.6
1.7
85-4

100-0

The mill tailing product was subjected to a screen test, the results of
which are as follows:
Mesh Weight,

per cent
LN 1.3
Fa 1111 1 4.1
—150-+200.......... e aosoeaserionesronasiaresinseserestossasesnasneras 133
Eand 1 81:3
100-0

Test No. 16 (First shipment)

A sample of the tailing was agitated for 24 hours in a solution having
a concentration of cyanide equivalent to 1 pound of potassium cyanide per
ton. TFour pounds of lime (CaQ) per ton was added at the beginning of the
test. The pulp dilution was 2-5 : 1.

The tailing was lowered from 0-03 ounce of gold per ton to 0-025
ounce, indicating an extraction of 16:6 per cent., The reagent consump-
tion was:

10 0-1 Ib./ton
L0 375 «

Test No. 16 (Second shipment)

A charge of mill tailing (10,000 grammes) was fed to a laboratory
Wilfley table. A concentrate, containing the sulphide minerals, was cut
out and the tailing was largely composed of slime.

The concentrate was reground for 20 minutes and then cyanided for
48 hours in a solution having a strength equivalent to 2 pounds of potas-
sium cyanide per ton.

The results of the test follow:
Table Test:

Distribu- | Ratio of

Product Weight, Assay, tion concentra-
per cent | Au, 0z./ton per ce'nt tion
T 100-00 0-03 1000
Coneentrate. . cvvvireriiiiiiiirieireinriraroes 3:25 0:30 335 30:76:1

Tailing. . cooiiiiviaiiiiiiiiiii i e 96-75 0-02 665
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Screen Test on Table Tailing:

Weight
Mesh per cent
L o veereeaes . 0:3
1804200, s oot v e e a et et 5:2
L1 94.5
. . 100-0
Cyanidation of Table Concenirate:
Asgay . Reagents consumed,
Au, oz./i’;on Exitra.cltéon 1b./ton Pulp
Product ol go b dilution
. Feed Tailing | Percen KCN Ca0
Cyanide tailing...... 0-30 0-16 4666 0-9 8.25 3:1
Screen Test on Cyanide Tailing: N
Weight,
Mesh per cent
4L 0-2
200, 4 et b bt ee e e e e et e e e et eenereeees 99.8
100-0

Summary of Results:
Gold recovery by primary cyanidation............ovvvvvrennn. 90 per cent (approx.)

Gold concentrated in sulphides in table concentration, 83:5 X 10.. 335 per cent

Gold recovery by cyanidation of reground table concentrate,
(iR T AT R 1 T N [P veess 1456 “

Ovemll recovery by eyanidation, ta.bhng, regrmdmg concentrates,
and re-cyanidation, 0000156, .....vreerrvenrnrernrnrecnens 91.56

“

Test No. 17

In this test, a sample of mill tailing (gold =0-03 ounce per ton) was
run over the small laboratory Wilfley table with the object of lowering the
table tailing by increaging the amount of the concentrate cut. The con-
centrate by weight represented 28-08 per cent of the feed, which was higher
than anticipated. The tailing assayed: gold, 0-015 ounce per ton.

Test No. 18

This test was a duplication of the previous test, excepting that the
concentrate cut was lowered to 10-12 per cent of the feed. This was the
percentage considered most satisfactory.

An assay of the table tailing showed: gold, 0-02 ounce per ton.

The results of the tailing assays would indicate that a comparatively
large concentrate must be cut on the table in order to produce a low tailing.

CONCLUSIONS

A review of the results obtained from the tests conducted on the ore
and mill products submitted establishes a number of important points
relative to the condition and association of the gold in the ore and to_the
method of its recovery,

23903—5}%
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The gold is associated largely with the pyrite. The amount of free-
milling gold is limited, probably not exceeding 25 per cent. A test (see
Test No. 9) in which the ore was plate-amalgamated gave a recovery of
19:6 per cent.

From the microscopic examination, the mode of occurrence of the gold
indicated that 62 per cent was in the dense pyrite, while the remainder was
associated with a small amount of an unknown grey mineral. An analysis
of the grain size indicated that 71 per cent was —800 mesh.

The information obtained from the microscopic examination estab-
lishes the fact that extremely fine-grained gold is associated with the
pyrite. Tabling tests on cyanidation tailings further confirmed this.
A partial recovery of this fine gold associated with the pyrite was effected
by regrinding the sulphide concentrate from the table tests and subjecting
it to further cyanidation. In this way, a small increase in the overall
recovery of the gold was obtained.

Fine grinding of the ore is a primary consideration; the finer the grind,
especially of the sulphides, the higher the extraction.

Reagent strength and pulp dilution did not appear to be important
factors.

Time of contact, however, would appear to have a definitely important
bearing on the extraction. The tailing resulting from 48 hours’ agitation
was never less than 0-02 ounce of gold per ton. At 69 hours’ agitation the
tailing was 0-015 ounce of gold per ton, and at 72 hours’ agitation the tail-
ing was the same.

The use of amalgamation prior to cyanidation, or of concentration
on corduroy blanket strakes, does not appear to offer any advantages.
The fine grain size of the gold and its close association with the pyrite render
the above-mentioned methods unsuitable.

The results of a barrel-amalgamation test on the sample of tube mill
feed show that 72 per cent of the gold in this product is present as free gold.
The sample submitted was too small to indicate whether there would be
any advantage in removing this free gold by traps, or by blanket or table
concentration of this product.
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Ore Dressing and Metallurgical Investigation No. 615

‘GOLD ORE FROM THE MILLER INDEPENDENCE MINE, BOSTON CREEK,
ONTARIO

Shipment. One box containing 350 pounds of gold ore was received
December 15, 1934, from the Miller Independence Mines (1924), Boston
Creek, Ontario, sent on instructions from the Northern Securities Company,
Bank of Toronto Building, London, Ontario, per H. H. Childs. The
shipment was made for the purpose of determining the most suitable
metallurgical practice to follow for the recovery of the contained gold.

Characteristics of the Ore. Representative specimens of the shipment
were chosen and six polished sections prepared and examined microsco-
pically in the mineragraphic laboratory. The gangue consists chiefly of
fine-textured, greenish grey rock through which occur abundant small
graing and tiny veinlets of carbonate. A small amount of white quartz
is present.,

Pyrite is the only abundant sulphide mineral. It oceurs as medium
to fine grains disseminated in the chloritic type of gangue and containg
numerous inclusions of gangue, very tiny grains of chalcopyrite, and a
few tiny grains of native gold. Chalcopyrite is present in the pyrite and
gangue as rare tiny grains, and a few grains of galena were seen in the
pyrite.

Only two grains of gold were visible, both being within pyrite. They
measured 20 and 12 microns in diameter, corresponding approximately
to theoretical 560 and 1100 meshes respectively.

The examination shows the ore to be very simple in nature, Chal-
copyrite and galena are present in quantities too small to cause compli-
cations in treatment. As only two grains of native gold were visible
in the sections, it is impossible to draw any conclusions as to the mode
of occurrence of the gold in the ore. At least some of the gold is very
finely divided amd occurs within pyrite.

ExperiMENTAL TESTS

The lot was ground, sampled, and assayed, showing the shipment
to contain 0-955 ounce of gold and 0-14 ounce of silver per ton.

The investigation included cyanidation, flotation, blanket concen-
tration, Wilfley table concentration, and amalgamation, singly and in
combination.

The results showed that approximately 55 per eent of the gold is
freed at —100-mesh grinding and can be amalgamated.



64

Straight cyanidation extracts 82 per cent of the gold from the ore
when ground 70 per cent —200 mesh.

Blankets remove 51 per cent of the gold from the ore ground 56 per
cent —200 mesh. Flotation of the blanket tailing recovers an additional
41 per cent,

Cyanidation followed by flotation of the cyanide tailing and cyan-
idation of the reground concentrate give 87:8 per cent recovery. When
the coarse gold is removed by blankets prior to the initial cyanidation of
the raw ore, followed by flotation and cyanidation of both blanket and
flotation concentrate, 96-9 per cent of the gold is recovered.

The detailed tests follow:

Test No. 1

A sample of the ore ground to pass 48 mesh was amalgamated. The
amalgamation tailing was then cyanided for 24 hours, 1 : 3 dilution with
2 1-0 pound of potassium cyanide solution. Seven pounds of lime per
ton was added as protective alkalinity.

Grind:
Mesh Per cent
S LT 6-8
B4 w11 23.2
—1004-150... . 16-5
—150+4-200...... eves 14.3
E L1 Leaeens 39:2
100-0
Results:
T 0:9556 Au oz./ton
Amalgamation tailing......vviiiiiiiiiiiiiiiiiiii i, 0:536 ¢ ¢
OCOVOIY,vreorrirvans Ve 440 per cent
24-hour cyanide tailing 0:286 Au oz./ton
Total TECOVELY ovvervrrtniiiisinisinsinneeensrnnorranecns 70-2 per cont
Test No. 2
A sample ground —100 mesh was treated similarly.
Grind:
Mesh . Per cent
20 3 T 76
= 1804200 .1 i vt i v i e i i e ee ittt aeaaereeeraneaas 208
B 1 R 718
1000
Results:
YT 0-955 Au oz./ton
Amalgamation tailing.....cvieiviiiieeeiisrinienneisnnscarennss 043 ¢«
ReCOVErY.uureerrrenns ...55+0 per cent
24-hour cyanide tailing.......covviiiiiieiiiiiiieniinnaiernnens 0-286 Au oz./ton
otal TOCOVEIY taeerireeneierrreirererenesnsoseesnansanns 70-2 per cent

Test No. 8

Representative portions of the ore were ground dry to pass various
meshes and then cyanided for 48 hours, 1 : 3 dilution, with a 1-0 pound
per ton cyanide solution. Seven pounds of lime per ton was added to
supply protective alkalinity.
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Results:

. Reagents Grind

Per}od AAssa}rt, Ex- consumed,

Mesh JOL, W 0Z./W00 1} ¢raction, |  1b./ton _ _
agitation, per cont —48 65 {—100 [—150 —200
hours 1" poed | Tailing KCN| Ca0 [ 765 |+100 (4150 +200
2% 0-965 | 0-245 74-3 0-3| 6:6| 7-3(23.3(17.0| 14.9| 37:5
48 0-955 | 0-20 79-1 03} 65 iiv]vneii]ovneea]ecneri]annens
24 0-955 | 0-245 74-3 0:3) 6:2[..cniferenns 8.0 21.1| 709
48 0-955 1 0-17 82-2 0:3) 82 ... ]ieeiidiinii]ieiins
24 0955 | 0-24 74-9 03| 6:0%....iifeeeeni]ennnns 16-2 | 83-8
48 0-955 | 0-19 80-1 06 62 10....leeeeelieeniidivniidinnnns
24 0.955 | 0.285 702 (/05 38 (2 O A AR PR R
48 0-955 | 0-205 786 061 64 |......]cecncifeenii]oeriifoennns
Test No. 4

A sample was ground wet in a ball mill until 56 per cent passed 200
mesh. The pulp was then run over a corduroy blanket. The concentrate
obtained was panned free from gangue which was added to the blanket
tailing, the combined product being then floated after conditioning with
3.0 pounds of soda ash and 0-10 pound of amyl xanthate per ton; 0-06
pound of pine oil per ton was used to froth.

Grind:

Mesh Per cent
) B 11 D N 6.6
B L1 o 1 N 12.7
B 1311 11 TR 24.2
11| 68-56
100-0

Results:

Assay, Difstribtu%ion
. of metals,
Product 1‘)72%(}:13 oz./ton per cent
Au I Ag Au I Ag

Feed (calculated),.. 100-00 1-02 0-16 100-0 100-0
Blanket concentrate. 1-07 49-11 246 61-4 16-8
Blanket tailing....ovvvvevversriiifoenienarians 0-556 (/2% T P
Flotation concentrate 10-37 4.07 0-83 41.3 54-9
Flotation tailing,.... . 88-56 0-085 0-05 7-3 28-3
Ratio of concentration: Blankets.........ocivivvviiiiriiirrienrneniiens 93:-5:1
Ilotation. .uoen e re e eirienes 9-6:1
Combined blankets and flotation,............... 8:7:1

This test indicates that with a comparatively coarse grind, 92-7
per cent of the gold can be concentrated by blankets and flotation in a
product weighing 11-44 per cent of the total weight of ore milled. This
concentrate containg 8:28 ounces of gold per ton.
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Test No. 6

This test is similar in most respects to Test No. 4, the difference
being that the ore was more finely ground. A screen analysis shows
that 931 per cent passed 200 mesh.

Resulis:

Distribu-~

Product ) Weight, Assay, tion
per cent | Au, oz./ton| of gold,

per cent
Feed (caleulated)..vveeerveireernierienraneereseenrnsoenns 100-00 0-845 100-0
Blanket concentrate...oo.cviivissieiisririiiiiiiiiiiins 2:76 17.08 55-8
Blanket tailing.....vvveveiiiiiinriiriiiiiirereriiiriensnenfiriniieasies 042 [.iovieiiuins
Flotation concentrato,cveeus e rseeeeeersrreessrorranerons 8.81 3:69 38:5
Flotation tailing..coeiiiiiin it iiiiininiieininiinesnens 88.43 0-055 5.7

These results show that fine grinding yields higher recovery. In this
test 94-3 per cent of the gold is found in the blanket and flotation con-
centrates, with a ratio of concentration of 8.6 : 1. The combined con-
centrates have a calculated value of 6-89 ounces of gold per ton.

Test No. 6

In this test, the blankets used prior to flotation in Tests Nos. 4 and
5 were replaced by an amalgamation plate. The amalgamation tailing
was floated. Other conditions, such as grinding and flotation reagents
used, were the same as in preceding tests.

Results:

Assay, Distribution of metals,

Product Woeight, 0z./ton per cent
: per cent
Au ] Ag Au l Ag

Feed..oovoveriiirineriernennenens 10000 0-955 [/ N PR
Amalgamation tailing............feeeieinennn. 0:63 [ S PO
AMalZam. . .viiiieniirinriieveeefeenieronenec]ierrcriereanforneceerases 458 .ol
Flotation concentrate....vv....... 12-44 3-46 0.92 45.1 766
Flotation tailing.....oeveveeinnen. 8766 0-10 0-04 9.1 23.4

On the amalgamation plate 45-8 per cent of the gold is recovered.
An additional 45-1 per cent is contained in the flotation concentrate,
with a ratio of concentration of 8-0 : 1.

A similar test on ore ground 93 per cent —200 mesh did not show
so high a recovery; 30-2 per cent of the gold was recovered by amalga-
mation and 505 per cent by flotation.

Test No. 7.

This test shows the result of floating the raw ore. A sample was
ground wet in a ball mill containing iron balls, together with 3-0 pounds
of soda ash and 0-10 pound of amyl xanthate per ton. To the flotation
machine 0:12 pound of pine oil per ton was added. The grinding was
such that 817 per cent of the ore passed 200 mesh,.
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Results:

Welght A Diez!;ribu-
eig ssay ion

Product per cent Au, oz./t!.on - of gold,
per cent
Feed (calculated) 100-00 1.855 1000
Concentrate, 12-09 7.21 64:3
Tailing...... 87.91 0-55 36-7

The calculated feed value of the ore is high. This is due to the free
gold giving erratic assays. The results obtained serve to show that
flotation alone will not give high recoveries. Free gold does not float
readily.

Test No. 8

This test is one embodying cyanidation and table concentration of
the cyanide tailing. The concentrate was reground and cyanided.

A sample of the ore was ground in a jar mill containing iron balls,
8 pounds of lime per ton of ore, and ¢yanide solution of 1-0 pound of potas-
gium cyanide per ton. After grinding, 84-9 per cent passed 200 mesh.
The pulp was then diluted to 2:5 : 1 and the solution strength brought
up to 1-0 pound of potassium cyanide per ton. No additional lime was
added, as the solution was found to contain 0-6 pound of lime per ton.
Agitation was carried on for 24 hours, after which the pulp was passed
over a small Wilfley table. The concentrate obtained was reground to
pass 95 per cent through 325 mesh and then cyanided with a 5-0 pound
of potassium cyanide per ton solution.

Results:
Cyanidatzon of Raw Ore:
T S 0-955 Au, oz. /ton
24-hour cyanide tailing.....viuieiiii it 0-16 ¢
Btraction. .. ..ovu st i e e 832 per cent
Reagent consumption: KCN .. .vuirriivier it erreeneeaereaness 0-45 1b,/ton
L7 0 6:5 “
Table Concentration:
Woinh A Distribu-
cight, SRAY, ion
Product per cent | Au, oz./ton| of gold,
per cent
Feed =cyanide tailing.........covvvviivriiiiiiniinnninns, 100-00 0-16 100-0
Table concentrate.......cvoivivreniiiiiiiinriiininirnann. 9.43 076 44.2
Table talling. ... vttt 9057 0-10 b5-8
Cyanidation of Concentrate:
Teed=table CONCENEIAE. .. vverrrrererrruiriiieriniererrnnnns 0:76 Au, oz./tor
48-hour cyanide tailing. c...vveeeirirr i e eaeianan, 027 « «
B YL o) DR 64-5 per cent

Reagent consumption: KCN. . uiivivvirinienirierennsenonsens 3:6 Ib./ton
Ca0 6.5

...................................
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From these results, it appears that 83-2 per cent of the gold is ex-
tracted by the first cyanide treatment, leaving 168 per cent in the tailing,.
Table concentration recovers 44-2 per cent of this, or 7-4 per cent of the
orlgmal gold. Cyanidation of this concentrate extracts 64-5 per cent
of its gold content, or 4-7 per cent of the original. This figure added to
83-2 per cent gives a total recovery of 87-9 per cent.

Test No. 9

A sample was cyanided as in the preceding test. The cyanide tailing
was well washed to remove cyanide solution and a concentrate was re-
covered by flotation. Before the concentrate was removed, the cyanide
tailing was conditioned with 4:0 pounds of soda ash, 1-0 pound of copper
sulphate, 0-10 pound of amyl xanthate, and 0-09 pound of pine oil per
ton. The concentrate was filtered, reground to about 95 per cent —325
mesh, and cyanided with a 5.0 pound potassium cyanide solution.

Results:
Cyanidation of Raw Ore:
T 0-955 Au, oz./ton
24-hour cyanide tadling. ... 0-209 « «
DG o113 o3 ¢ W 78-1 per cent

Flotation of Cyanide Tailing:

Distribu-
Weight, Assay, tion,
Product per cent | Au, oz./ton| of gold
per cent
Feed=cyanide tailing.........ccoiviiieviiieiiieranenns 10000 0209 100-0
Flotation coneentratt. ..o vreevirr e iiineirnorenvesnenss 14.90 0+55 39-1
Flotation tailing.....oovn i ii it it e e 8510 0-15 60-9
Cyanidation of Flotation Concentrate:
Feed =flotation concentrate. couvvees s irvirririissieenenss 0.-55 Au, oz./ton
24-hour cyanide tailing veeerra.. 0-4065 ¢ €
Extraction.......ocoovvvvennn, vereneer. 155 per cent
Total TOCOVEIY .ivvvrutrtvnrnsiernestetsasnoncsorascoscnens 794

It is apparent that the result of this test is unsatisfactory. TFlotation
left most of the gold in the tailing, and cyanidation of the concentrate
gave a poor extraction. These erratic results can be laid to the presence
of free gold, which during grinding becomes flattened, dissolves slowly
in cyanide solution, and is hard to float.

Test No. 10

To remove the troublesome coarse gold from the circuit, & sample
wag ground as in Tests Nos. 8 and 9 and then passed over a corduroy
blanket. The concentrate obtained was panned free from gangue which
was added to the blanket tailing. This was then thickened-to 2-5 : 1
dilution and the strength of cyanide solution made up to 1.0 pound of
potassium cyanide per ton. Six pounds of lime per ton was added to
supply protective alkalinity and the pulp was agitated for 48 hours.

The cyanide tailing was then filtered and washed with water to remove
chamde solution, conditioned, and floated in the same manner as in Test

0.9
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The blanket concentrate was amalgamated to remove coarse free
gold and the tailing united with the flotation concentrate. These con-
centrates were then reground to about 95 per cent —325 mesh. A gmall
quantity of lime was added to the grinding mill. The pulp was then
diluted to 3-4 : 1 with a 5-0 pound of potassium cyanide per ton solution.
Approx1mately 10 pounds of lime per ton of concentrate was added to
furnish protective alkalinity.

Results:
Cyanidation of Raw Ore:
B S N 0:955 Au, oz./ton
48-hour cyanide tailing...........oiieiiiiiiiiiiii i, 0-09 «
Extraction by blanket concentration and eyanidation........... 90-6 per cent
Reagent consumption: (I:;{%N .................................. 8 36 lb.‘/‘ ton
10 .

Flotation of Cyanide Tailing:

Wolght N Dl:tl‘lbu-
eight, 888y, ion
Product per cent { Au, oz./ton| of gold,
per cent
Amalgamated blanket concentrate combined with flotation
CONCENETAT. cuvvrir vt iiiniiinotiineririrnnenesnenons 11.64 2:40 96-9
Flotation tailing....covviiviineiiniineriiniinerinririannss 8836 0-01 3.1

These results give a calculated feed value of 0-288 ounce gold per ton
for the combined amalgamated blanket concentrate and cyanide tailing.
This cyanide tailing, as shown above, has a gold content of 0-09 ounce
per ton. The increase in agsay value is, therefore, caused by the amalga-
mated blanket concentrate, the value of which, owing to its small bulk,
was not determined.

Cyanidation of Reground Flotation Concentrate and Amalgamated Blanket
Concentrate:

T 2-40 Au, oz./ton
48-hour cyanide tailing 0.18 « «
Extraction......ouvvveeniiiieniiiininaes vee. 92-5per cent

Reagent consumption: KCN 3.78 lb./ton
Ca0O 80 ¢

These results show quite conclusively the necessity of removing the
coarse gold from the circuit, in test work, before it reaches the cyanide
agitators or flotation cells. After removing this gold, a 48-hour agitation
period reduces the residue to 0-09 ounce of gold per ton.

Flotation of the cyanide tailing leaves a residue containing 0-01
ounce of gold per ton and representing 88:36 per cent of the weight.
This is discarded. The remaining 11-64 per cent is made up of flotation
concentrate and blanket concentrate from which the coarse free gold
has been removed by amalgamation. By cyanidation, 92-5 per cent of
the gold in these combined concentrates is extracted, leaving a residue
assaying 0-18 ounce of gold per ton.

The mill tailing, therefore, consists of 88-36 per cent of the mill
feed assaying 0-01 ounce of gold per ton and 11-64 per cent agsaying 018
ounce of gold per ton. The sum of these is therefore 0-0297 ounce of gold
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per ton, an overall recovery of 96-9 per cent by the three steps, i.e. amal-
gamation of the blanket concentrate, cyanidation .of the blanket tailing,
and cyanidation of the combined blanket and flotation concentrates.

SUMMARY AND CONCLUSIONS

The results obtained in this investigation show that the ore contains
both rather coarse and very fine gold associated with a considerable amount
of pyrite in the form of fine- to medium-size grains. An indicated ratio
of concentration of from 8 : 1 to 10 : 1 is evident. To obtain maximum
extraction, this tonnage must be ground —325 mesh. The free gold must
either be finely ground in the mill or be removed from the circuit prior
to the main treatment, as it is slow to dissolve in cyanide solution.

Tests Nos. 1 and 2 show that from 44 to 55 per cent of the gold is
free at a coarse to medium grind.

Tests Nos. 4, 5, and 6 indicate that from 45 to 50 per cent of the gold
can be removed by blanket concentration or plate amalgamation.

Straight flotation, alone, is not applicable but when it is preceded
by blanket concentration a combined recovery, as concentrates, of 94
per cent is possible.

Straight cyanidation of the raw ore is not satisfactory, Test No. 3
shows the highest extraction obtained, 82-2 per cent, to be from ore
ground 70 per cent —200 mesh. :

By removal of the coarse gold and by cyanidation of the residue a
recovery of 83 per cent of the gold can be made. It is necessary, therefore,
to give attention to the fine gold contained in the pyrite.

Test No. 8 shows that 83-2 per cent is extracted by cyanidation
from the raw ore. Table concentration recovers 44-2 per cent of the
gold in the cyanide tailing, and 64-5 per cent of this can be recovered
by re-cyanidation. This gives a total recovery of 87-9 per cent.

Flotation of the cyanide tailing will give a higher recovery of sulphides
than will table concentration.

When the coarse gold has been removed prior to flotation, maximum
recoveries are achieved by cyanidation, flotation concentration, and re-
cyanidation of the finely ground sulphides. (See Test No. 10.)

To obtain high gold recovery from this ore it is essential to grind
the sulphides to —325 mesh. This may be achieved by locking the sul-
phides in the grinding circuit by a system of bowl classifiers and secondary
grinding mills until the concentrated sulphides are reduced to 825 mesh.
This system will produce a product that can be cyanided directly. No
coarse pold will escape from the grinding circuit.

The highest recovery will, doubtless, result from regrinding the
sulphides in a separate circuit, followed by cyanidation. If flofation
concentration is adopted, great care must be taken that the cyanide
tailing be thoroughly washed before flotation.

A diminution in the amount of free gold in the ore milled will affect
the recoveries indicated in this investigation. Therefore, in order to
obtain results in practice similar to those obtained in the tests, the ore
to be milled should closely correspond to the sample furnished.
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Ore Dressing and Metallurgical Investigation No. 616
GOLD ORE FROM THE VIMY GOLD MINES, LIMITED, RAMORE, ONTARIO

Shipment. A shipment of ore, weighing 1,950 pounds, was received
on January 18, 1935. A second shipment of 412 pounds was received on
January 21, 1935. The ore is said to be from the property of the Vimy
Gold Mine, Limited, Ramore, Ontario, and was submitted for test work by
Joseph Borini, Secretary-Treasurer, Vimy Gold Mines, Limited, P.O. Box
2730, Timmins, Ontario.

Purpose of Experimental Tests. The purpose of the experimental
tests was to determine the best method of treatment for the recovery of
the gold in the ore.

Characteristics of the Ore. Six polished sections were prepared from
specimens of each shipment and were examined microscopically for the
purpose of determining the character of the ore. Since, microscopically,
there are no significant differences between the two shipments they will
be treated under one description.

The gangue is quite complex and was not studied in detail. It con-
sists chiefly of mottled reddish brown to greenish, siliceous material which
contains considerable carbonate; some portions are green and schistose.
This assemblage is cut by a ramifying network of quartz veinlets.

Pyrite, which is the most abundant metallic mineral, is rather spar-
ingly disseminated as small irregular grains and poorly formed cubes.
A small portion is very finely divided, but most of the pyrite is of moderate
grain size (around 200 mesh and larger).

Hematite is quite abundant as needles, which in places are extremely
fine. Probably much of the red colour of the ore is due to included hema-~
tite “dust”.

A very small amount of chalcopyrite occurs as tiny irregular grains in
gangue and pyrite.

Only three tiny grains of native gold were visible in the twelve
sections. These occur within pyrite and measure 20, 7, and 4 microns
respectively.

Sampling and Analysis. The two shipments were sampled separately
by standard methods, and representative portions assayed as follows:

Shipment NO. L. .cieveieiecrissrsrsrnsserascrrsvsosnsonss Gold, 0-10 oz./ton
Silver, 0:06
Bhipment NO. 2. .vveerrivieirservitesisonsosessnses ,....Cold, 0:26 o:.‘/ton

Silver, 0-07
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ExporRIMENTAL TBSTS

Tests on Shipment No. 2:

Amalgamation.

Straight cyanidation.

Blanket concentration followed by flotation.
Straight flotation.

Cyanidation with pre-aeration.

Tests on Mixed Ore from Shipments Nos. 1 and 2:

The ore was thoroughly mixed, in the ratio of five parts of Shipment
No. 1 to one part of Shipment No. 2, for further tests. A feed sample of
the mixture assayed 0-11 ounce gold per ton.

The tests were:

Flotation followed by cyanidation of reground flotation concentrate.

Straight cyanidation followed by table concentration of cyanide
tailing.  The table concentrate was reground and then treated by cyanida-~
tion.

AMALGAMATION
Test No. 1

Representative samples of — 14-mesh ore from Shipment No. 2 were:
crushed dry to pass 48-and 100-mesh screens and were then amalgamated
with mercury in jar mills, dilution 1 : 1, with water.

After separating the mercury and amalgam from the pulp, the
amalgamation tailing was sampled and a representative portion was:
assayed. A screen analysis was made on each tailing to show the grinding.

Results:

AAssny, Extract

u, oz./ton Uxtraction,.

Mesh per cent )
Teed Tailing

R £ S 0-26 0-17 34.62

et L1 PPN 0-26 0-15 42.31

‘Weight, per cent
Minus 48 Minus 100

Mesh
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STRAIGHT CYANIDATION

Test No. 2

Representative samples of —14-mesh ore from Shipment No. 2 were
crushed dry to pass 48-, 100-, 150-, and 200-mesh screens for treatment by
cyanidation.

The ore wag agitated for periods of 24 and 48 hours in a solution of
sodium cyanide equivalent in strength to 1-0 pound of potassium cyanide
per ton of golution, and lime at the rate of 5 pounds per ton of ore was
added ti) give a protective alkalinity to the pulp. The ratio of dilution
was 3 : L.

Results:
Agsay, Reagents consumed,
Mesh Agitation, Au, oz./ton Extraction, Ib./ton
hours Feed Tailing | Pereent | KON Ca0

.24 0-26 0-05 80-77 0-30 665
24 0-26 0:03 88-46 0:30 9-25
24 0-26 0-03 8846 0-30 10:65
24 0-26 0:025 90-38 0-30 11:95
48 0-26 0-08 69-23 0-30 7:25
48 0-26 0-03 88-46 0-30 9.25
48 0-26 0-05 8077 0-60 11-25
48 0-26 0-03 88-46 0-60 12-10

The screen analysis shown below gives the degree of grinding:
Screen Analysis:

Weight, per cent
Mesh
Minus 48 | Minus 100 | Minus 150
B -
Ll £+ o w15 S PP L PR
= 854100, .t iers st i e i e, 267 Joeereneiniinrferennesnenas
B L1 o K R 13:3 9:6 |viiiiioninn
=1604200. .. 00t i e e 13-5 18-4 17:5
R | 40-0 72-0 82:5
100-0 100-0 100-0

BLANKET CONCENTRATION FOLLOWED BY FLOTATION

Test No. 8

A representative sample of — 14-mesh ore from Shipment No. 2 was
grouilnd in jar mills, dilution 4 : 3, to give a product of 60 per cent —200
mesh.

The ground ore was concentrated on a corduroy blanket sloping
2-5 inches in 12 inches. The blanket concentrate was panned to remove
gangue and excess sulphides and then was assayed. The blanket tailing
was treated by flotation, using the following reagents:

Soda ash............... ... 3:0 lb./ton
Potassium amyl xantha e 020
Pine oil...evrvnrniniinnsss . .. 0:06 ¢
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Results of Blanket Concentration:

Distribu-

. b Ratio of
Weight, Assay, tion
Product per cent | Au, oz./ton| of gold, contci((a;;ltra-
per cent
Teed (cal.)......... ressesisairsasaas teessentes 100-00 0:25 10000
Blanket concentrate..vo..vvveeiienaiiniinnen.. 0-28 13.52 15-33 357:1
Blanket tailing,.vcvvereeerrensrornrneriererens 99.72 0-21 8467

Besults of Flotation:

Distribu- { Ratio of

Weight, Assay R
Product per cont | Au, oz /t’on tlopr; 192 é;:éd, con&%:;tra-
. 100-00 0-21 100:00
5-90 2.80 8542 17:1
94-10 0:03 14.58

Summary of Resulis:

Recovery of gold by blanket......ccvvevivnrnenensens RN . 15 33 per cent
Recovery of gold by flotation, 85-42 >< L7 3117 A

Overall recovery of gold..... e reerereeraenns erereeareees veeses 8766 per cent

STRAIGHT FLOTATION
Test No. 4

A representative sample of —14-mesh ore was ground in a jar mill,
dilution 4 : 3, to give a product approximately 74 per cent —200 mesh.

The following reagents were added to the grinding mill:

Soda ash.......... Cevees Creereereresartaststanaes 30 lb/ton
Aerofloat No. 31

seses

The following reagents were added to the flotation cell:

Potassium amyl xanthate........ccvvunnes et rerraraearaasaaehas 0:2  Ib./ton
50 I 3 Cererereeraians e 0006
Resulis:
s Distribu- | Ratio of
Weight, Agsay, . .
Product per cent | Au, oz./ton tu;; ;)fc gﬂld, con&%I::;ra
Feed..... Ceereseiiessenes 100-00 026 100:00
Flotation concentmte. Creessertitsacenee 943 2:48 91-19 10:6:1
Flotation tailing. .. Ceeeetteeneereeerranas 90-57 0-0256 881

Test No. &
A similar test was made, using the following reagents:

In the Grinding M7ll:
TGN - RIS £ 1 I ) 4 7



In the Cell:
Potassium amyl xanthate..........cooviviiiviiieinininnnnena., 0:2 1b./ton
Pine 0il...oveenieroniniorneenrnenenronienruiearieiaererneness ee. 005
Results:
Assay Distri .
. istribu- | Ratio of
Product zgi”égnt{’: Ao ’ s tion of gold,| concentra-
oz./ton oz./ton per cent per cent tion
Teed.......ovvnunen. 100-00 026 0-07 [..oevuinnnnn 100-00
Flotation concentrate 6-32 3-59 1.72 0-03 87.37 16:1
Tlotation tailing, ,... 9368 00035 [caveveevaree]onessonnnnns 1263

Silver in concentrate: 172 ounces per ton.

Test No. 6.

A representative sample of —14-mesh ore from Shipment No. 2 was
ground in a jar mill, dilution 4 : 3, to give a product approximately 53 per
cent —200 mesh.

The reagent added to the grinding mill was:

80da 88N, .0 it i e e e e 3-0 1b./ton
The reagents added to the flotation cell were:
Potassium amyl xanthate.......ooceeriiniiiininiiiiiinieiieen, 0-2 lb./ton
PIN0 O6lusvenvetnnineroenssuorecensossoserosisrsosusrosnrenrenennes 0-06
Results:
: Distribu- | Ratio of
Weight, Assa; R
Product tion of gold,| concentra-
per cont | Au, oz. /ton per cent ! tion
T 100:00 0-26 100-00
Tlotation concentrate, 7:05 3-24 83-08 14:1
Flotation tailing...ov.vviveeeinviveneniainens 92-95 0:05 16-92

The results of the three flotation tests show that grinding to approxi-
mately 80 per cent —200 mesh is required in order to liberate the gold.

CYANIDATION WITH PRE-AERATION
Test No. 7

Because of the carbonates reported in the gangue minerals, tests
were made to determine the effect of pre-aeration in reducing the con-
sumption of lime.

A representative portion of —150-mesh ore was agitated in water for
3 hours and the pH of the solution was determined. The pH was approxi-
mately 8:-8. Cyanide was added at the rate of 1-0 pound of potassium
cyanide per ton of golution, and agitation was continued for 18 hours.
The potassium cyanide was found to be reduced to 0-6 pound per ton.

23803—6
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Lime was added at the rate of 1.0 pound per ton of ore, potassium cyanide
was made up to 1-0 pound per ton of solution, and the agitation continued
for 6 hours.

Results:
. . Af‘?y, Reagents consumed,
Period o(f) lzlxéltutlon, o /t’on Extraction, 1b./ton
per cent
Feed Tailing KCN Cs0
SN 0:26 0:03 88:46 1-20 09
CYANIDATION
Test No. 8

A representative sample of —150-mesh ore was cyanided by agitating
with & 1-0 pound of potassium cyanide solution for 16 hours. Lime was
added at the rate of 1-0 pound per ton of ore, potassium cyanide then
added to make up to 1-0 pound per ton of solution, and the agitation
continued for 8 hours.

Results:
Posiod of . AE’:‘Y’ 5 Reagexﬁ.as %)nsumed,
eriod of agitation ! Bxtraction, J/ton
ours ’ oz./ton per cent
Feed Tailing KCN CaO
N 20-26 0-025 90-38 21-32 0-90

The cyanide consumption is higher than in previous tests.

FLOTATION FOLLOWED BY CYANIDATION OF FLOTATION
CONCENTRATE

Test No. 9

A representative sample of —14-mesh ore from mixed Shipments
Nos. 1 and 2 was ground in jar mills, dilution 4 :3, to give a product
approximately 65 per cent —200 mesh.

The reagent added to the grinding mill was:

0TS YV 3:0 Ib./ton
The reagents added to the flotation cell were:

Potassium amyl xanthate....oooveviiiiiviiisiresinririsrsissnsses 0-2 lb./ton

PINe 01l uuesveeernsrennsernsrneesesassesesnrsonsesrasenssssnnsoces 0-05 «

The flotation concentrate was reground to approximately 100 per
cent —200 mesh and then agitated in a solution of sodium cyanide
equivalent in strength to 5:0 pounds of potassium cyanide per ton of
solution. Lime was added at the rate of 15 pounds per ton of concentrate.
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Results of Flotation:

Distri- .
. Assay, b Ratio of
Product vgi"églfé Au, (B'Ut;f:l' concen-
D oz./ton P exgcen”o tration
T N 10000 0-11 100-00
Flotation concentrate........ooeuvvnvenieenees 5-57 2:10 92-56 18:1
Flotation tailing.........oovvneunens Vesesnsass 94-43 0-01 7.44
Results of Cyanidation of Flotation Concentrate:
Azs‘iy, Reagents consumed,
Period of agitation, oz./ton Extraction, Ib./ton
hours per cent,
Feed Tailing KCN Ca0
. 2-10 0-08 9620 540 1367

Summary of Results:

Recovery of gold by flotation...............00eeuies 9256 per cent
Cyanidation of flotation concentrate, 96-20 X 02-66... 89-04 per cent in 24 hours
Maximum overall recovery of gold by fiotation and by

cyanidation of flotation concentrate.............. 8904 per cent

STRAIGHT CYANIDATION AND TABLE CONCENTRATION

Test No. 10

A representative sample of —14-mesh ore from the mixed shipments
wag ground in jar mills, dilution 4 :3, to give a product approximately
84 per cent —200 mesh.

The ground pulp was agitated in cyanide solution equivalent in
strength to 1-0 pound of potassium cyanide per ton for 24 hours. Lime
at the rate of 5-0 pounds per ton of ore was added to give protective
alkalinity. The ratio of dilution was 5 : 2.

The cyanide tailing was filtered, washed, sampled, and concentrated
on a Wilfley table to give the following products, concentrate, middling,
and tailing.

The concentrate was reground to approximately 100 per cent —200
mesh and then cyanided for 72 hours in a solution equivalent to 50 pounds
of potassium cyanide per ton, and lime at the rate of 15 pounds per ton of
concentrate was added. The ratio of dilution was 3 : 1.

Results of Cyanidation of Ore:

ABX’:?’* B Reagel}gs /cgnsumed,
. fpoas ’ xtraction, J/ton
Period o(f) ﬂgéltatmn, oz./ton por cent
Feed Tailing KXCN Ca0
S 0.11 001 90-91 0-55 4.4

23003—6%
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Results of Table Concentration of Cyanide Tailing:

Distri- .
Product Weight, ABAsl’l"y’ bution %g‘lfégn‘if
per cent oz./ton gf}fgﬁ% tration
B Vs ;Y 2 T 100-00 0.02 100400 {oeeiiavnanns
Table CONCEREIALE.r v vvveeerrresessssnnnns 7.76 0-10 50.06| 12-89:1
Table middling. cveeen i iiniiiiiiiiennns 658 001 4.26 15-20:1
Table sand tailing, .......ocoiiiiiviivennenns 29-76 0-005 961 ovenivanannn
Table slime tailing.......o.vvieeiviniriienen. 55+90 0:01 3607 |... Cenes
Results of Cyanidation of Table Concentrate:
AsAslt:’y, Reagents consumed,
Period of agitation, oz./ton Extraction, Ib./ton
hours per cent
Feed Tailing KCN CaO

Toeeiiiiiiiiiiennanns [N 0-10 0-01 90-00 344 8:96

Summary of Results:

Recovery of gold by eyanidation of raw ore

Recovery of gold by table concentmtlon of ¢y anide tailing, 50 06 ><

Overall recovery of gold:—
Raw ore......
Table concentrate oytsmded. et ettt te et raens

9091 per cent

4.55
410

[

113

9091 per cent
410 “

Total...o.ouen

Consumption of cyanide per ton of I&W OT6...vvvveveneevenrernns
Consumption of cyanide per ton of concentrate,..................
Consumption of oyanide on concentrate in terms of original feed..

Total consumption of oyanide per ton of ore.,..

verese

Test No. 11 (Test No. 10 repeated)

95-01

€«

0+ 55 pound
44 «

3
0-26
0-81

{1

[

To check the results obtained in Test No. 10, a similar test was made.

Results of Cyanidation of Ore:

A‘fﬁﬁ" . Reagents consumed,
Period of agitation, oz./ton E;gu::;%n, Ib./ton
ours
Feed Tailing KCN Ca0
D PPN 0-11 0:-01 9091 0-80 4.12
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Results of Table Concentration of Cyanide Tazling:

Product Woignt, | Apov, | D | R
Toduc per cent oz /an of gold, concen-.
. per cent tration
Feed (Cal.) . vvivinineniirninineniiosisecnanes 100-00 0:02 100-00
Table concentrate........ovvvvivrearininenss 11.82 0-09 54-64 8:46:1
Table middling......vvvvvviiiniinninansinnes 9-37 0.01 4.04 10:67 :1
Table tailing.......cveererreeiieenerorosennes 78-81 0-01 40-72
Results of Cyanidation of Table Concentrate:
ASASSV’ . Reagents consumed,
Period 1(1)(1; l.zla,rg:,itat;ion, oz./ton E;te;x;’ag;%n, 1b./ton
Feed Tailing KCN Ca0
N 0-09 0-01 88-89 1-82 8:20
Summary of Results:
Recovery of gold by cyanidation of raw oT€.e..v.vvvvivririninass 90-91 per cent
Recovery of gold in table concentrate, 54-64 X 9-09.............. 4.97 ¢
Reczvery of gold from table concentrate by cyanidation, 88-89 X «
Overall recovery of gold:
RAW OT@. tu i vteraitresrsoneioaesssrsesenisessniossnnossses 9091 per cent
Table concentrate cyanided........covvviriiveiieniiiinenens 4.4% «
B 7 ) 95.33 ¢
Consumption of cyanide per tonof raw ore.........o.oevvvviensns 0-80 pound
Consumption of cyanide per ton of concentrate.............o0u0ne 1-82 ¢
Consumption of cyanide on concentrate in terms of feed.......... 0.21 «
Total consumption of cyanide per ton of ore.......... 101«

SUMMARY

The recovery by amalgamation was 42 per cent on ore crushed 72 per
cent —200 mesh.

The recovery by cyanidation was 90 per cent on ore crushed —200
mesh. The consumption of reagents was normal.

Blanket concentration gave a recovery of 15 per cent of the gold, and
flotation of the blanket tailing gave a recovery of 72 per cent. The overall
recovery of gold was 87 per cent.

Straight flotation on ore crushed 74 per cent —200 mesh gave a
recovery of 91 per cent of the gold, with a ratio of concentration of 10 : 1,
and 87 per cent of the gold with a ratio of concentration of 16 : 1.

When grinding was 53 per cent —200 mesh a recovery of 83 per cent
of the gold was obtained with a ratio of concentration of 14 : 1.

Cyanidation with pre-aeration of —150-mesh ore gave a recovery of
88 to 90 per cent of the gold. The consumption of lime was low, with an
increase in the cyanide consumption.
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Flotation followed by cyanidation of the reground flotation concen-
trate gave an overall recovery of 89 per cent of the gold.

Straight cyanidation gave a recovery of 91 per cent of the gold.
Tabling the cyanide tailing and treating the reground table concentrate
by cyanidation gave an overall recovery of 95 per cent of the gold.

CONCLUSIONS

Straight cyanidation recovers approximately 91 per cent of the gold
in the ore. The recovery can be raised to 95 per cent by concentration of
the sulphides, followed by re-treatment. This is the process to adopt
when a large daily tonnage is being milled. .

For a small operation, flotation will recover approximately 90 per
cent of the gold in a concentrate assaying from 2-5 to 3-5 ounces of gold

per ton. The ratio of concentration should be in the neighbourhood of
18 : 1.

The success of a small flotation plant will depend on obtaining a feed
high enough in value to offset mining and milling charges and a 10 per cent
tailing loss plus smelter deductions. Approximately 80 per cent of the

gold in the ore can be considered available to cover the operating, shipping,
and treatment charges.

—— . —
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Ore Dressing and Metallurgical Investigation No. 617

GOLD ORE FROM THE THORNELOE MINE, THIBEAULT PROPERTY,
PORCUPINE DISTRICT, ONTARIO

Shipment. A sghipment of gold ore said to be from the Thorneloe
mine, Thibeault property, Thorneloe township, Porcupine district, Ontario,
was received on February 12, 1935. The shipment consisted of two boxes,
designated Lots Nos. 1 and 2 and weighing approximately 89 and 85
pounds respectively. The sample wag submitted by W. F. Wright and
Company, Toronto, Ontario.

Characteristics of the Ore. The gangue of Lot No. 1 congists chiefly
of fine-textured grey quartz and green to brown country rock. A con-
siderable amount of white carbonate (probably dolomite) occurs as stringers,
patches, and small digseminated grains in both country rock and quartz.

The metallic minerals, in their order of abundance, are: pyrite, chal-
copyrite, Unknown No. 1, pyrrhotite, and galena. Unknown No. I gave
the following tests:

Colour: Bright yellow.

Hardness: C to D,

Crossed nicols: Very strongly anisotropic. .

Etch tests: HNOs—weakly attacked, becoming slightly brown and pitted.
HCI, KCN, FeCls, KOH, HgCl:—negative.

Pyrite, the most abundant mineral, is sparsely disseminated as irregular
graing and poorly formed crystals up to two or more millimetres in size.
Chalcopyrite and Unknown No. 1 are rare, and are individually dissem-
inated as small irregular graing. Pyrrhotite and galena are rare as tiny
irregular grains, the former agsociated with pyrite, the latter alone in quartz.

The gangue of Lot No. 2 is fine-textured, grey to white quartz with
some disseminated carbonate.

The metallic minerals, in their order of abundance, are: galena, pyrite,
pyrrhotite, chalcopyrite, Unknown No. 2, native gold, Unknown No. 3,
and Unknown No. 4. The tests on Unknowns Nos. 2 and 3 are as follows:

Unknown No. 2:

Colour: Bright bronze.
Hardness: Soft—B minus; is somewhat sectile.
Crossed nicols: Moderately anisotropic.

Etch tests: HNOs—action delayed for about 30 seconds, then slowly
effervesces and turns hrown with pitting.

KCN—aquickly blackens.
FeCls—quickly tarnighes iridescent.
HCIl, KOH, HgCls—negative.
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Unknown No. 3:

Colour: Bright orenmy -yellow.

Hardness: Soft—

Crossed nicols: Very strongly anisotropie.

Etoh tests: HNOs—practically negative—brown slightly. .
HCI, KCN, FeCls, KOH, HgCls, aqua regia—negative.

Only one tiny grain of Unknown No. 4 was seen in galena. If is
bright, white, and soft, with a scratched surface, and it may be native
silver.

Galena is present in considerable amount as small irregular patches,
stringers, and grains, which commonly occur in clusters in the quartz.
The other metallic minerals, with the exception of pyrite, show a marked
tendency to associate with it. Pyrite is disseminated very sparingly
as small grains and crystals. Pyrrhotite and chalcopyrite occur as in
Lot No. 1 and are quite rare. Small grains of Unknown No. 2 are present
in galena, and also in quartz where some are associated with native gold.
Only two tiny grains of Unknown No. 8 were seen; they are associated
with galena.

A microscopic grain analysis of the native gold was carried out, with
the results shown in the following table:

Gold, Cumulative,
Mesh per cent per cent
L1 13-1 13-1 4 150 mesh
= 1804 200.. 00 ci i i i et e i ey 10-8 23-9 -+ 200
= 200 280.. ..ttt i i ir i it e e, 9.0 32-9 + 280
= 2804 400. ... iiii i e i ettt e 14.9 47-8 4 400 “
= 4004 B60... . iiiiii i i e e it e e as 17-2 65-0 - 560 *
= BB04 B00.. ...ttt it it e eianes 16-0 81.0 - 800 “
L o 0 L S N 98 90-8 --1100 “
110041600, . o ore i e i i e e e 5.2 96-0 --1600 “
18002300 . ..ottt i e i e i as 35 99.5 --2300 “
2300 i i e ey 05
B 7 .1 100-0

The modes of occurrence of the gold in the polished sections are
as follows:

Inquariz: AlONe.....ovirieruseneiinnrereanrncssneonrseeennenenss 20+8 per cent
Associated with galena.......oocociiiiiiiiiii i, 37.9 “
Associated with Unknown No. 2.....00vvivniienvnnnnes 38-4 «“
In galena....coviseesiinneas e iiniseanssnnnsnnnerennecnessonnaeen 2-9 “
Totali.voviiinennnans 100-0 «“

Summary of Characteristics of the Ore. The two shipments consist
of a quartzose gangue through which the metallic minerals are sparingly
disseminated. Pyrite, galena, chalcopyrite, pyrrhotite, and native gold
were identified, and four additional undetermined minerals were seen.
The gold is chiefly in the quartz, where it is often associated with small
amounts of galena and Unknown No. 2. The gold shows a marked ten-~
dency to occur in close proximity to galena. A quantitative grain analysis
of the gold shows that it is moderately finely-divided.
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The microscopic examination indicates that (a) flotation would prob-
ably effect unsatisfactory recoveries, (b) cyanidation should effect high
recoveries with moderately fine grinding, and (c) cyanicides are present
in such small quantities that a low cyanide consumption may be expected.

Sampling end Assaying. The two lots were crushed separately and
sampled for assay. Later, the two lots were mixed and a composite
%a;mple cucii for assay. Test work was carried out on the mixture of Lots

os. 1 and 2.

Assay Results:

Mixture of
_— Lot No. 1 Lot No. 2 Lots Nos.
1 and 2
0:03 oz./ton 0-81 oz./ton 0-44 oz./ton
021 ¢« 4.11 « 2:02 ¢

Trace 0-67 per cent —
Nil Nil —_

ExPERIMENTAL TEsTS

Test work comprised standard amalgamation, blanket concentration,
flotation, and cyanidation. Results indicated that about 60 per cent
of the gold was free-milling; and an extraction of over 97 per cent was
obtained by cyamda,tlon, with a cyanide consumption under 1 pound
of potagsium cyanide per ton.

Test No. 1

A sample of ore (1,000 grammes) was ground wet for 20 minutes.
The pulp was barrel-amalgamated with 100 grammes of mercury for 1 hour.

Results:
Gold in feed 0 44 oz /ton
Goid in amalgamation tailing .. 0.1
Gold 1eCovery....covvuvnenns .60 23 per cent
Screen Test on Tailing:
Weight,
Mesh per cent
— 65100 0-2
—100-4-150. . 2:0
—1504-200. . 8:6
—200 89-2
100-0

Test No. 2

In this test, a sample of ore was ground for 20 minutes and the pulp
then run over a corduroy blanket. The results are as follows:

Distribu- | Ratio of

Weight, Assay, i -
Product per cent | Au, oz./ton petrug(leht coné:igl;ltra
T 100-00 0-44 100-0
Concentrate. . .....oovvrvinevarirenisiirsiones 5:22 4.80 63-8 19-16:1

Talling,...oovvvvineiinnieiiiniiiiininienins 04-78 0-15 36-2
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Test No. 8

This was a flotation test in which a sample was ground wet with 6
pounds of soda ash per ton.

The reagents added to the cell were:

Potassium amyl xanthate. ....oovveiieiniiieiieeniernisirersnnensnes 0-4 1b./ton

Pine 0il.uieieiiuuiiiiiiiiiieiiiiiirerensriiestiiaiteteiitsiaenannas 005
Results:

. Distribu- | Ratio of
Weight, Assay, i -
Product per cent | Au, oz.;ton o etl%(g;,nt con&%‘;ltm

T 100-00 0-44 100-0
Coneentrate. ..ovvveeerinrirniienirerienirens. 644 5:70 02-9 15.83:1
Tailing. . vevinineeiniie i erianeneenans, 0356 0-03 71

Test No. 4

In this test the grinding time was increased to 30 minutes. Six
pounds of soda ash per ton was used in the grinding, and 0-6 pound of
amyl xanthate per ton was added to the cell.

Results:
. Distribu- | Ratio of
Weight, Assay, s -
Product per cent | Au, oz./ton pe?%l:;llt %g:f{g;
Feed..cviiiiiiiiiiiiiiniieiiiiiinnriisnnens 100-00 0-44 100-00
Coneentratd. . vvuverenrieerriiiereessionennnes 4.23 6:16 01.58 23.04:1
31 T N 9577 0.025 8-42
Screen Test on Tailing:
Weight,
Mesh per cent
B 2 S | ceenee RN N Ceerieareenaees . 0.1
B 20 L5 R U s arerestasasrraretettrtentsatetas 1.1
L1 e 7-8
=200....cciieriiennns N 01.0
100-0
Test No. §

A series of cyanidation tests was run on ore of different grinding
sizes. The strength of cyanide solution was equivalent to 1 pound of
potassium cyanide per ton at the start. Several additions of lime were
made during the agitation, to maintain a protective alkalinity. The
pulp dilution was 3 : 1.
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Results:
24 Hours' Agitation:
Assay, : Reagents consumed,
Product Au, oz./ton Eg?éloclt&on 1b./ton
Teed Tailing | Percent | gon Ca0
0-44 0-015 96-59 0-1 6-50
044 0-01 97.73 0:6 6-80
0-44 0-01 97.73 1-05 8:80
0-44 0-01 9773 1-35 11-10
Screen Tests of Cyanide Taslings:
—48 mesh —100 mesh —150 mesh
Weight, Weight, Weight,
Mesh per cent Mesh per cent Mesh per cent
+ 65 3.7 4150 10-7 -+200 18:0
4100 17.3 +200 20-1 -200 82:0
4150 11.8 -—200 69.2
4200 12.7 100-0
~200 54-5 100-0
100-0
Test No. 6
In this test, the period of agitation was 48 hours.
Results:
Assay, s Reagents consumed,
Product Au, oz./ton Extraction Ib./ton
of gold,
Feed | Tailing | POreemt | gCN | CaO
0-44 0-01 97.73 0-3 6:50
0-44 0-01 97-73 0-6 665
0.4 0-01 9773 1-35 9:10
044 0-01 9773 1-35 11.25
Test No. 7

This was a tabling test, in which a sample of ore (3,000 grammes)
was ground for 15 minutes and then fed to a small laboratory Wilfley table.

Results:
Assay Distribu- s
Product Weight, tion 12‘:’;;21?_ f
per cent Au, Pb, of gold, ‘tration
0z./ton per cent per cent
B 100-00 044 |............ 10000
Concentrate 10-87 1-63 1.39 47.47 9:2:1
Middling. . . 18-88 (1351 1 DU 17.69
1 1Y 70-25 (1251 2 (R 34.84
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Test No. 8

This was a blanket and amalgamation test. The ore sample was
ground in an Abbé mill for 20 minutes and the pulp then run over a corduroy
l}ila.nket. The concentrate was barrel-amalgamated with mercury for 1

our.

The results of the test are as follows:

. Distribu- | Ratio of
Weight, Assay, ) -
Produet pov ot | AdySrsion | tem | e
YT 100-00 0-44 100-00
Concentrate........ooovviiivieiiiiiinneinne, 259 8-526 50-19 38.61:1
Talling.cueeeiie it 97-41 0-225 49.81
Barrel Amalgamation of Blanket Concentrates:
Results:
Gold in blanket CONCENtTAtO.vveverrvevrrrrrrnsrrerensereosnerens 8-526 oz./ton
Gold in amalgamation tailing......vvuvsnseersneersanses RN 1-60 “
GOl TECOVEIY ¢ttt tveesesevnessesnnnensersrseeossosssnsssnnnnne 81.23 per cent
Recovery of total gold by blanket concentration and amalga-
mation=81+23 X 60:19,..c.0iiiiirnniiriiaranieniernieracnee 40.77 «

CONCLUSIONS

The results of experimental tests on the sample submitted indicate
that the ore can be satisfactorily treated by cyanidation, with a low con-
sumption of cyanide and a gold extraction of over 97 per cent. Agitation
for 24 hours and a grinding size of 69-2 per cent —200 mesh gave a tailing
of 0-01 ounce of gold per ton.

At a grinding size of 89-2 per cent—200 mesh, a barrel-amalgamation
test indicated that 60 per cent of the gold was free-milling.
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Ore Dressing and Metallurgical Investigation No. 618

COPPER-GOLD ORE FROM THE MANITOBA AND EASTERN MINES,
LIMITED, TIMAGAM]T, ONTARIO

Shipment. A shipment consisting of 2,300 pounds of ore was received
January 18, 1935, from the Manitoba and Eastern Mines, Limited, Tima~
gami, Ontario—Stanley S. Saxton, Manager—and was from the same
property as that previously reported on in 1934, in Investigation No. 551.
It was stated to have been taken from the main vein on the 300-foot level.

Specimens of the ore were selected and polished sections made and
examined microscopically in the mineragraphic laboratory.

The gangue in the present shipment is similar to that of the previous
one, but a small amount of finely disseminated carbonate was detected.
The important differences noted during the present examination are the
absence of minerals indicative of surface alteration, and the detection of
small grains of native gold in both gangue and sulphides. Some of the
gold is very finely divided and of variable and complex occurrence. Six
graing of the metal were observed in the sections examined, the size and
occurrence being ag follows:

No. Siao Occurrence
of grains Microns Mesh
2 6 2300 Rounded grains in quartz.
1 24 560 {Irregular graing in pyrrhotite associated with native
1 15 1100 bismuth.
1 50 280 {Irregular graing in chalcopyrite associated with undeter-
1 40 400 mined mineral.

ExpRRIMENTAL TEsTS

The shipment was crushed, ground, and sampled. The analysis was
as follows:

(46703 U 0-34 oz./ton
[ 37 1.49 «
(709437 0-78 per cent
N T 1 N 3.45 ¢
7Y PP 0-07 «
751 1Y P 0-15
(8757 1 7 0-02 ¢
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The analysis indicates that concentration of the copper is necessary.
Straight cyanidation will not be applicable due to the presence of this metal.
The investigation consisted of flotation tests to remove the copper followed
by eyanidation of the tailing.

A recovery of 95 per cent of the copper and 73 per cent of the gold in
a flotation concentrate can be made, with an additional 16 per cent of the
gold extracted from the flotation tailing by cyanidation.

Test No. 1

A sample of the ore was ground wet in a jar mill containing iron balls
until 82 per cent passed 200 mesh. Soda ash, 4-0 pounds, and 0-10 pound
of cyanide per ton were added to the mill during the grinding period. The
pulp was then conditioned with 0-10 pound of sodium xanthate and 0-08
pound of pine oil per ton and a concentrate removed.

Results:

Weizht Assay Distribution, per cent

Produet eight,
per cent, Au, Ag, Cu
oz./ton | oz./ton | per cént Au Ag Cu

TFeed (cal)oeviienenn. 10000 0-28 1-63 074 100-0 100-0 1000
Concentrate........... 4.50 3:92 2244 15-10 627 61-9 022
Tailing...ooovvvernnn. 9550 0-11 0-65 0-06 373 38-1 7-8

Cyanidation reduced the flotation tailing from 0-11 ounce of gold per
ton to 0-05 within 24 hours—a total recovery of 85-3 per cent of the gold
by the combined methods. Cyanide consumption was 1-7 pounds per ton
of ore treated.

Test No. 2

In this test, 4-0 pounds of lime per ton was substituted for the soda
ash used in Test No. 1. No cyanide was added. Other details were the
same as in the previous test.

Results:

Welght Assay Distribution, per cent

Product ety
por cent Au, Ag, Cu
oz./ton | oz./ton | per cent Au Ag Cu

Feed (cal.)........... 10000 0.31 1-65 0-78 100-0 100-0 100-0
Concentrate........... 5-37 352 18-40 14.28 606 59-9 97-6
Tailing.,.ooeevunianen 94.63 0-13 0-70 0-02 3044 40-1 2-4

Cyanidation after 24 hours left a residue containing 0-04 ounce of gold
per ton, representing a total recovery by flotation and c¢yanidation of 838-3
per cent. The consumption of cyanide was moderate, 0-9 pound of potas-
sium cyanide being consumed; 5-0 pounds of lime was required for cyanid-
ation.
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Test No. 8

This test is the same as Test No. 2 with the exception that the grind
was 96 per cent —200 mesh instead of 82 per cent.

Results:
Weight Assay Distribution, per cent
eig]
Product per cent’s Au, Ag, Cu, Au A Cu
oz./ton | oz./ton | per cent £

Feed (cal.)...ovvevenns 100-00 0-33 1-46 0-82 100-0 100-0 100-0
Concentrate........... 5-72 4-24 18-40 13-68 73-0 72.0 95.4
Tailing.......ccovveees 0428 0-095 0-43 0-04 270 280 4.6

Cyanidation reduces the flotation tailing to 0:035 ounce of gold per
ton within 24 hours. A total recovery of 89:7 per cent of the gold is
obtained by flotation and cyanidation. No further extraction is obtained
in any of the tests by increased time of agitation.

SUMMARY AND CONCLUSIONS

The copper minerals in the ore are strong cyanicides; 0-06 per cent
of copper in the feed to cyanidation as shown in Test No. 1 results in a
consumption of 1-7 pounds of potassium cyanide per ton; 0-02 per cent of
copper, as in Test No. 2, consumes 0-9 pound of potassium cyanide. It
is necessary therefore to remove the copper prior to cyanidation.

Flotation recovers 95 per cent of the copper in a rougher concentrate
containing approximately 13-7 per cent of copper and 73 per cent of the
gold. By recleaning, the copper content can be raised to shipping grade.
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Ore Dressing and Metallurgical Investigation No. 619

ORE IROM THE COLE GOLD MINES, LIMITED, PIPESTONE BAY,
RED LAKE, ONTARIO

Shipment. The shipment, consisting of 700 pounds of ore, was received
on March 7, 1935. The ore was submitted by Cole Gold Mines, Limited,
per E. Howard, from their property located at Pipestone bay, Red lake,
Ontario.

Purpose of Experimental Tests. The experimental tests were carried
out to determine the best method to recover the contained values.

Characteristics of the Ore. Six polished sections were prepared and
examined microscopically for determining the character of the ore..

The gangue is dark green chloritic schist and white vein quartz.

The metallic minerals present in the polished sections are, in their
order of abundance, pyrite, pyrrhotite, arsenopyrite, magnetite, chalco-
pyrite, and native gold.

Pyrite is moderately abundant and occurs as coarsely crystalline
masses, stringers, and coarse grains. It locally contains erystals of arseno-
pyrite and small grains of pyrrhotite. Pyrrhotite occurs as above, but the
major amount is present as small graing in the schist. Arsenopyrite was
seen only as small crystals associated with pyrite.

Magnetite occurs as sparsely disseminated small grains, usually in the
schigt. Chalcopyrite occurs as small irregular grains in quartz.

Only a few grains of native gold were seen. Some are alone in quartz,
others are associated with chalcopyrite. Their grain size varies from 400
mesh to 2300 mesh.

Sampling and Analysis. The shipment was sampled by standard
methods and assayed as follows:

£€.753 U .e.. 1-32 oz/ton
ST v . 061 ¢
Copper. . .. 0-16 per cent
ATBEIIG. « et vesentatitiarinnseseirnersiesiossetanesoiersnsinesesanns 0-07 «

ExXpPERIMENTAL TESTS

Amalgamation.

Straight cyanidation.

Concentration by hydraulic trap.

Concentration by trap followed by blanket concentration.
Blanket concentration followed by flotation.

Blanket concentration followed by cyanidation.

Blanket concentration followed by aeration and cyanidation.

NeoE D=
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AMALGAMATION

Test No. 1

Representative samples of —I14-mesh ore were dry-crushed to pass
48- and 100-mesh screens. From each a 1,000-gramme representative
portion was amalgamated with mercury in jar mills, dilution 1:1. After
removing the mercury and amalgam, the tailings were sampled and a screen
analysis was made on each to show the degree of grinding.

Screen Analysis:

Weight, Weight,

Mesh per cent per cent
—48 ~100

Bl < T 8-60

B 20 {1 23-10

L004150. . oot 16-60 900

LB04200 0 s st e e e 18-25 29-95

200 ke e e e 33-55 61.05
100-0 100-0

A Assa}' y Extracti

u, oz./ton xtraction,

Mesh per cent ’
TFeed | Tailing

B TR 1-32 0175 86-74

Bl L1 O 1-32 0-17 87-12

STRAIGHT CYANIDATION
Test No. 2

Representative samples of —14-mesh ore were dry-crushed to pass
48-, 100-, 150-, and 200-mesh screens. Samples from each were agitated in
cyanide solution, equivalent in strength to 1-0 pound per ton of potassium
cyanide at a dilution of 3:1 for periods of 24 and 48 hours. Lime at the
rate of 5-0 pounds per ton of ore was added to give protective alkalinity.
During the test several additions of reagents were required to maintain
the gtrength of the solutions.

Results of 24 Hours’ Agitation:

Asgay, Reagents consumed,
Mesh. Au, oz./ton Extraction, 1b./ton ore
No. per cent
Teed Tailing KCN CaO

e :- RN 1-32 0-12 90-91 1:83 68
=100, . ieier it e 1-32 0:025 9811 3.27 7:1
=150, iriiiiii i i 1:32 0:015 98-86 4.26 6.7
=200 i e 1-32 0-03 9773 5:94 14-25
Results of 48 Hours' Agitation:
L1 U 1.32 0-035 9735 2-43 6:9
=100, i 1.32 0-01 99.24 3-87 7.2
e Y 1.32 0:0156 08-86 501 81
=200. 1. iiir i i 1-32 0-01 99-24 7:89 1495

23903—7
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Cyanide solution from 24-hour —200-mesh sample has 0-218 gramme
copper per litre.

Pyrrhotite and copper minerals in the ore account for the high con-
sumption of reagents.

A screen analysis on — 150-mesh ore shows the following grind:

Weight
Mesh per ceni;
mB0H200. vttt e s ee e e TR TR 20-5
| e e e 795
100-00

The screen analysis of the —48- and —100-mesh ore is shown under Test No. 1.

CONCENTRATION BY HYDRAULIC TRAP

Test No. 8

A representative sample of —14-mesh ore was ground in a jar mill,
dilution 4 : 3, to give approximately 46 per cent —200-mesh produect. The
pulp then was concentrated in a hydraulic classifier.

Results:
Distribu- .
s Assay. . Ratio of
Products vgilgé‘lf{; e ofhgl[ld concen-
p 0z./ton pergcen{; tration
Y O 100-00 1.21* 10000
Trap concentrate.......ooveeennrereirnrannans 0-14 581-28 67-36 714:1
Tailing. s eiiii s iiirinrnnenirsssariensss 99-86 0-395 32-64

* Caleulated value.

HYDRAULIC TRAP AND BLANKET CONCENTRATION

Test No. 4

A test similar to No. 3 was made, except that the grind was 68 per
cent —200 mesh and the trap tailing was concentrated on a corduroy
blanket sloping 2% inches in 12 inches.
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Results:
Trap Conceniration:
Distribu- .
. Assa; h Ratio of
Products YJY;;I%E:{; u,y ! oftlg(:)Illd concen-
oz./ton pore ont tration
cers 100-00 1.12* 100-00
. . 0-06 1090-87 58-22 1667 : 1
Tailing, .cooevrivivrerncannrans erreesatenaes 99-94 0-47 41.78
Blanket Concentration:
Feed...oovvvvavnnenns 100-00 0-47 100-00
Blanket concentrate........ . 0-36 75-38 59-85 278 : 1
Blanket tailing..... SRnxanns 99 .64 0-19 40-15

*Calculated value.

Summary of Results:

R°°°“’f’”y‘«’f‘;‘35“"?’%f‘;l‘:;ku;'::::::::::::::::::::::'"' KA - S e

83.23 «
X 4178 = 16-77

100-00 “

Overall recovery of
Loss of gold in blan ttalhng............,........40-15

BLANKET CONCENTRATION AND FLOTATION
Test No. &
A representative sample of —14-mesh ore was ground in a jar mill,
dilution 4 : 8, to give a product approximately 64 per cent —200 mesh.

The pulp was concentrated on a corduroy blanket sloping 2% inches
in 12 inches. The blanket tailing was dewatered and treated by flotation
using the following reagents:

Soda ash...eeeu,eenaeinns
Pota,ssmm amyl XANERETE, s o v s rsrnesss Cerae
Pine oil.v.iviuvrnriirenvenanes Ceeerreasrenas v veeeerrasaenenns .
Results:
prod Woight Assay Distribu- | Ratio of
roduct H tion of gold,| concen-
per cent Au Ag Cu A
oz./tc'm oz./tzm per cent per cent tration
Feed.....ocovvenn 100-00 1.22% 0-61 0-16 100-00
Blanket concentrate. 0-40 249-69 272:26 [vvrrnnns eee 82-01 250 : 1
Blanket tailing...... 99.60 0022 Jovvivniniee]erannn RN 17-99
Flotation:
Feed....... 10000 0:22 feuerivenenve]onnieonnions 100-00
I‘lota,tlon concen-
.............. 6:40 2:77 4:03 2-44 80-81 1561
I‘lotatlon tailing..... 93-60 0045 }...000uneen Crevesareeas 19-19

*Calculated value.
23903—T73



Summary of Results:

Recovery of gold on blankets.....oovieirineninurirsnrsrsansnns 82:01 per cent
“ « ¢« in flotation concentrate......... 80-81X17-99 = 14.54 «
Overall recovery of 0Id....iveivaressnreiiireesereeenenansnses ¢

96-55
19-19X17-99 = 3-4b «

100-00  “

Loss of gold in flotation tailing.....

BLANKET CONCENTRATION AND CYANIDATION

Test No. 6

A representative sample of —14-mesh ore was ground in a jar mill,
dilution 4 : 3, to give a product approximately 67 per cent —200 mesh.

The pulp was concentrated on a corduroy blanket similar to that in
Test No. 5. 'The blanket tailing was dewatered and treated by cyanidation.

Representative portions of the blanket tailing were agitated in cyanide
solution equivalent in strength to 1-0 pound of potassium cyanide per ton,
at a dilution of 8 : 1, for periods of 24 and 48 hours. Lime at the rate of
5 pounds per ton of tailing was added to give protective alkalinity.

Additions of the reagents were necessary to maintain the strength of
the solutions.

Results:
Blanket Concentration:

, Assay, oz./ton Distribu- | Ratio of
Products Welg};{:{; tion of gold,| concen-
per Au Ag per cent tration
YT N 100:00 1-40% 0-61 100:00
Blanket concentratoe...oeeivises. 062 185-87 20-97 82-22 161:1
R 151 617 PN 09.38 023 1.ivniiiininse 17-78
Cyanidation:
Poriod Assay, oz./ton Reagents oor}qumed,
.t0§‘ Extraoti(zn, 1b./ton tailing.
agitation o per cen
hours Feed Tailing KON CaO
0-25 001 | - 96-0 2.63 8-49
0:25 0:01 96-0 363 8:92

* Calculated value.

Summary of Results:

Recovery of gold by blankets....o.cseeeeasirnirvrssaesacrsnss 82.22 per cent
“ « 7« 24.hour eyanidation.. 960 X 17-78 = 17.07

Overall recovery of Zolde..vevveruririansinsirirniarssoronensuss 09-29 «
Loss in eyanide tailing.....cccvvevreiniirnrnnnine. 40X 1778 = 071

100-00 ¢
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BLANKET CONCENTRATION FOLLOWED BY AERATION AND CYANIDATION

Test No. 7

A representative sample of —14-mesh ore was ground in a jar mill,
dilution 4 : 3, to give a product approximately 80 per cent —200 mesh.
The ground pulp was concentrated on a corduroy blanket similar to that
in Tests Nos. 5. and 6.

The blanket tailing was dewatered and repulped at a dilution of 23 : 1
in the bowl of a Denver super-agitator and aerated with lime at the rate
of 10 pounds per ton for four hours. The pulp was then transferred to a
large Winchester bottle and agitated in a solution of cyanide equivalent in
strength to 1-0 pound of potassium cyanide per ton, for a period of 24
hours. Lime at the rate of 4-0 pounds per ton of tailing was added to
give protective alkalinity.

Results:
Blanket Concentration:

Products Woight, | Agay.  [Disribytion | Rato o
per ce 0z./ton per cent tration
Feed..oovvvirnivnoireninniennnines Enannsss: 10000 1.32* 100-00
Blanket concentrate...ovveeesscioseceessans 0-49 15728 5839 204:1
“ tailing....ieenen Cevracerinareeaaais 9951 0-55 4161
Aeration and Cyanidation:
Period Assay, on./ton Reagonts conmumed,
agi tg tion Extraction,
hours TFeed Tailing per cent KCN Ca0
S I [ N 9:62
24,..... [ 0-55 0:01 08-18 2.33 3:00
1262
* Calculated value.
Summary of Results:
Recovery on blankets......vueerevenenruieriorsnsiorearnsoass 5839 per cent
Recovery of silver by cyanidation,..........o..0s 08.18 X 41:61 = 40-8 “
Overall recovery of gold........ocovvniiiiiniiiiiniiiaiioiien.. 24 “
Losgs in eyanide tailing.....o..ovvvniviiieineniine 1.82 X 41-61 = 0-76 ¢
100-00 “

The overall recovery is almost identical with that in Test No. 6, in
which there was no aeration prior to cyanidation. There was a small
saving in cyanide but a much greater consumption of lime. The tailing
assays were the same in both tests.
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SUMMARY

Amalgamation tests on ore crushed 61 per cent —200 mesh indicate
that 87 per cent of the gold is free.

Straight cyanidation gave high recoveries but the consumption of
reagents was high.

Concentration by traps recovered 67 per cent of the gold, which was
augmented to 83 per cent by the use of blankets.

Blanket concentration followed by flotation gave a recovery of 96 per
cent of the gold.

Blanket concentration followed by cyanidation for 24 hours, gave a
recovery of 99 per cent. Treatment by aeration prior to cyanidation
resulted in the same recovery.

CONCLUSIONS

The sample submitted for test work was found to contain a large
proportion of free gold, which can be recovered easily by traps or blankets.
The blanket tailing can be cyanided but owing to the presence of cyanicides,
principally copper, the consumption of cyanide is fairly high. Cyanidation
gives the highest overall recovery.

Consideration should be given to the fact that the sample submitted,
agsayed 1-82 ounces of gold. This, no doubt, is considerably higher than
the average feed to the mill would run. The chief question in this connexion
is, whether the same proportion of free gold will occur in the lower grade
ore to be milled. Any sweetening of the grade is probably due to free
gold, and, if so, will affect the recovery shown by these tests as obtained by
trap and blanket concentration.
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Ore Dressing and Metallurgical Investigation No. 620

GOLD-SILVER ORE FROM THI CHAPLEAU MINE OF THE REWARD MINING
CO., LIMITED, SLOCAN CITY MINING DIVISION, B.C.

Shipment. A shipment of gold-silver ore consisting of three bags,
weight 190 pounds, was received on February 27, 1935, from the old Chap-
leau mine of the Reward Mining Co., Limited, situated six miles south-
east of Slocan City, Slocan City mining division, B.C. The shipment was
submitted by C. 8. Lord, 475 Howe Street, Vancouver, B.C., for experi-
mental test to determine the best method of milling,.

Characteristics of the Ore. The gangue is milky-white vein quartz.

The metallic minerals in their order of abundance are pyrite, galena,
sphalerite, chalcopyrite, a grey mineral thought to be ruby-silver (?), and
native gold.

Pyrite is the only abundant metallic mineral. It occurs as coarsely
cerystalline masses and coarse irregular grains, and contains galena, sphaler-
ite, chalcopyrite, ruby-silver (?), and native gold.

Galena is present in small quantity as irregular grains and veinlets in
pyrite and associated with, and rarely within, sphalerite.

Sphalerite occurs as small, irregular masses and grains associated with
galena and rarely in pyrite. It contains tiny dots and spikes of chalco-
pyrite and rare grains of galena. The amount of sphalerite is very small.

Chalcopyrite is present only in traces, as dots and spikes in sphaler-
ite, and as very rare tiny grains in pyrite.

Ruby-silver (?) is very rare, only a few tiny grains in pyrite being
vigible. There was insufficient material for conclusive identification.

Two grains of native gold were seen in the polished sections. Oneis a
rounded bleb in pyrite and is approximately 280 mesh in size, and the other
is a narrow vein-like structure in quartz and is about 10 microns in width
and over 300 microns in length.

The character of the ore from the Chapleau mine, Slocan City, B.C.,
as seen in polished sections, is such that few inferences can be drawn as to
its behaviour in the mill. It is probable that the gold is distributed in
both pyrite and gangue, in which case concentration of the sulphides would
recover only a part of the gold. It-is possible that the silver is divided
between galena and ruby-silver (?), both of which are associated with pyrite;
if such be the case, concentration of the sulphides might effect high silver
recoveries.

If the gold and silver have somewhat erratic modes of oceurrence, as
may be suspected in an ore of this type, only actual test treatment can
ultimately determine the behaviour of the ore.
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Sampling and Analysis. The ore was crushed and sampled by
standard methods and the feed sample assayed as follows:

0.7 e Y 0-50 oz./ton
F LR 15:.3¢ ¢«
77 T N 0-19 per cent
/7L Trace

Experimental tests were conducted with the object of determining a
suitable method of mill treatment to provide a concentrate containing the
gold and silver content of the ore. Flotation would appear to offer a
satisfactory method for a small mill of from 25 to 50 tons capacity.

ExPERIMENTAL TESTS
Test No. 1
This was a barrel-amalgamation test carried out for the purpose of
determining the amount of free-milling gold in the ore. A sample of ore,
1,000 grammes in weight, was ground in an Abbé mill for 20 minutes. The
pulp was amalgamated for 1 hour with mercury and after separation of the
mercury the tailing was assayed for gold.

Gold infeed....vvuuiieii ittt aaas 0-50 oz./ton
Gold In 6ailing, ..o ovvir i et i e i i, 0-24 ¥
Gold recovered by amalgamation...c.o..eeeeviirier i aneierenns 520 per cent

Screen Analysis of Tazlings:

Weight
{\’}{62151 pel(‘)c(;eni’:
00, . s
L L1 S A 14-1
00, i e e e e e e et e ea 245
200 L e e e e e et ey 53-5

100-0

The result of this test indicates that 520 per cent of the gold is free-
milling at the grinding size shown in the above sereen test.

Tests Nos. 2 and 3

These tests were run to determine the action of eyanide treatment on
ore. The consumption of ¢yanide is high, which may be due to the silver
minerals present.

Samples of different sizes of ore were agitated in ¢yanide solution of a
strength equivalent to one pound of potassium ecyanide per ton. Five
pounds of lime were added at the start and additions made during the run
to maintain a protective alkalinity. The pulp dilution was 3 : 1.

Test No. 2—24 Hours' Agitation:

Assay, oz./ton Reagents
Extraction | Extraction consumed,
Product Au Ag of gold, of silver, 1b./ton
per cent per cent |-———m—-—7-—
Teed lTuiling Tead lTniling KCN ' Ca0

0-50 | 0-08 15-34 3-45
0-50 { 0-015| 15-34 2-67
0-50 1 0-08 15-34 2.33
0-60 | 0-025( 15-34 2-90

77.51 2-39 4.80
8259 3:08 4.10
84.81 3.34 5+95
81-10 3:47 6-10

WD
[ s T
cooo
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Test No. 3—48 Hours’ Agitation:

Assay, oz./ton Reagents
Extraction | Extraction consumed,
Product Au Ag of gold, of silver, Ib./ton
- - per cent per ¢ent  [—————-
Teed | Tailing| Feed ITalling KCN | CaO
—48 mesh..........| 050 | 0-03| 15-3¢| 3-39| 4.0 77-90 2:69 | 510
~100 « 70000 050 003| 15-34| 231 940 84.94 3.86 | 425
~150 « ..l 00| o002 15:34| 2.01| 960 9690 3:82| 610
~200 “ ........)] oB0o| o0.03| 153¢| 253 94-0 83-51 3.04| 625
Screen Test of Cyanide Tailings:
—48 Mesh ~100 Mesh —150 Mesh
Mes Weight, Mesh Weight, Weight,
per cent per cent per cent
(1] 6-8 H150.....00... 8-2 +200—........ 10-0
+4100........... 19-6 +200........... 25-4 ~200....000uenn 90-0
S150........... 11-2 —200........... 66-4
4+200........... 16:0 100-0
=200.....000000 46-4 100-0
100-0
Test No. 4

This was a blanket concentration test on a sample of raw ore.

The

sample (2,000 grammes) was ground wet for 20 minutes and the pulp fed
to a corduroy blanket strake.

The results indicate a poor recovery of the silver minerals in the ore.

Weight, Assay, oz./ton Distribution, per cent Ratio of
Product er cont concen~
Der cen Gold I Silver Gold l Silver tration
Feed........oovvnuss 10000 0-50 15-34 100-00 100-00
Concentrate......... 3-81 9-28 45.38 5857 10-97 26:25:1
Tailing..ooovuevn.nn. 96-19 0-26 1459 41-43 89-03
Test No. 6

This was a flotation test carried out on a sample, ground in a soda ash
pulp of 4 pounds of soda ash per ton.
The pulp was conditioned in the cell with 0-4 pound of potassium
amyl xanthate per ton and 0-15 of pine oil per ton.

Product Weight, | Assay, oz./ton Distribution, per cent Ic{grtl:(i}g If)_f
per cent Gold l Silver Gold l Silver tration
Feed....oov.utn vees 100-00 0:50 15.34 100-00 100-00
Concentrate...,..... 6-28 7-86 215-36 86-81 8269 15:92:1
Tailing......... veves 9372 0-08 3:02 13419 17-31
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Test No. 6

In this test, 007 pound of Aerofloat No. 31 per ton was added to the
grinding mill. The same amounts of soda ash and amyl xanthate were
used.

Weight, Assay, oz./ton Distribution, per cent | Ratio of
Product er cent concen-~
per Gold [ Silver Gold Silver tration
Feed.....oovvvvvnnn 100-00 0:50 15:34 100-00 100-00
Concentrate......... 6-31 774 217-86 8068 81-82 15-85:1
F3115117: 9369 0:06 3-26 10-32 1818
Test No. 7

The grinding time of this test was increased to 30minutes. The
reagents added were the same ag in Test No. 6. Iiner grinding gave
higher recoveries and a lower tailing in both silver and gold.

: Assay, oz./ton Distribution, per cent Ratio of
Product VZelghti,; concen-
por cen Gold Silver Gold Silver tration
Feed.oovvvvrenrannns 100-00 0-50 15.34 100-00 100-00
Concentrate......... 893 5:52 165-12 90-78 90-07 11-2:1
Tailing.....ccoovnvnes 91.07 0-055 1-785 9-22 993
Screen Test on Tailing:
Mesh Weight,
per cent
0-9
53
21-5
72:8
1000

Test No. 8

Tollowing the results of the previous test which indicated a high
recovery with finer grinding, the sample in this test was ground for 40
minutes. Inorder to retrieve any gold not already recovered in the flotation
concentrate, the flotation tailing was run over a corduroy blanket.

The reagents added were as follows:

To the Grinding Mqll:

To the Cell:

Potassium amyl xanthate.......... N ey 0:4 1b./ton
Pine 0ilissivssviniininiiienernnriorenss FS NN e 006 ¢
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Weight, Assay, oz./ton Distribution, per cent, | Ratio of
Product or Gent concen-
P Gold Silver Gold Silver tration
Feed..seerrivrrrnnnn. 51111 N 100-00 100-00
Concentrate......... 6-47 8.84 221-56 83-60 8661 15-45:1
Tailing........ ceenes 03-53 0-12 2:37 16-40 13.39
Blanket Concentraiion of Flotation Tailing:
. Assay, oz./ton Distribution, per cent Ratio of
Product nghté concen-
per cen Gold Silver Gold Silver tration
Teed..oo.vvvvnnnnnns 100°00 foovvversennifornneennnn.s 100-00 100-00
Congentrate......... 5-83 126 3:52 60-94 8-65 17.17:1
Tailing....ovvvuneen. 94-17 0-05 2.30 39-06 91-35
Mesh Weight,
per cent
0 L Rt N veee 002
H150. . i, et eiereas N [ Ceeeeee veer 301
200, i i e e, Ceeiiae. P Cerereeas . 174
=200, 0 iviiiiieas Cevieaaes Cereeraaes ereiene PP [ 79-3
100-0
Recovery of gold and silver by combined flotation and blankets.

Gold recovery by flotation.........ovverveivrnirnennnnns veeises. 83:60 per cent
Gold recovery by blanket, 60-94 per cent of 16-40 per cent...... 9-99 “
Overall 2old reCoVery..uvuer e i eriirveneneneneneenennns Cereees 93-59 “
Silver recovery by flotation..........oovvvivveiennnn vevesreeesss 8661 per cent
Silver recovery by blankets, 48-65 per cent of 13-39 per cent...... 1-16 “
Overall gilver recovery.....oovevveveenss eerreraraas e veees 87477 “

Test No. 9

In this test Barrett No. 4 reagent was used instead of Aerofloat No. 31
in the grinding, The amount of this reagent added was 0-176 pound per
ton.

The results of the test are as follows:

Woight, Assay, 0z./ton Distribution, per cent Ratio of
Product i concen-
per cen Gold Silver Gold Silver tration
Feed..,....... e 10000 f..eeeninier]eneninnnnnss 100-00 100-00
Concentrate......... 6-51 8-52 214-88 73-86 85-93 15:36 : 1
ailing,.......00vin 93-49 0-21 2-45 2614 14.07
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Blanket Concentration of Flotation Tailing:

Weight, Assay, 0z./ton Distribution, per cent Ratio of
Product Ve concen-
per cen Gold Silver Gold Silver tration
Feed.....oovvvvnnnn, b UV TEI 1 A RN FETTRTTUNY A Ceeeanes
Concentrate.,....... 4.12 4.04 7:03 79-41 11.81 24.27 : 1
Tailing......oovvnens 95-88 0-045 2-255 2059 88-19
Recovery of gold and silver by combined flotation and blankets.
Gold recovery by flotation, . .ueerveveneiirnrirnrrereionsnsnonnss 7386 per cent
Gold recovery by blanket, 79-41 per cent of 2614 per cenb....... 20-76 ¢
Overall 201d TeCOVETY vuverrrrrererenerensnroncassenrnsssnnnrsss 9462 €
Silver recovery by flotation,.....oovevreeneeniinnan.s veveesens. 85:93 per cent
Silver recovery by blankets, 11-81 per cent of 1407 per cenb..... B
Overall silver recovery.......c..... Cvreeerrenees cevererinneass 8759 ¢
Test No. 10
This test was carried out using the same reagents as in Test No. 8.
Flotation:
Weight, Assay, oz./ton Distribution, per cent | Ratio of
Product o it concen-
per cer Gold Silver Gold Silver tration
Feed.....ovvuvennnn, 100000 [oevivineene]ivnnnnnnnnes 100-00 100-00
Concentrate......... 713 6-54 186-46 66:76 86-61 14-03:1
Tailing,.oioevieiannn 9287 0-25 2:48 33-24 13-39
Blanket Concentration of Flotation Tailing:
‘ Weight, Assay, oz./ton Distribution, per cent | Ratio of
Product or cont congen-
per cen Gold Silver Gold Silver tration
Feed......coovvvenns 100-00 §..oveeniniii]ovennannnnen 10000 100-00
Concentrate......... 519 3-45 10-28 80-76 19-62 19.27 :1
Tailing.....covvevenn, 04.81 0-045 2305 19-24 80-38
Recovery of gold and silver by combined flotation and blankets.
Gold recovery by flotabion, .vovveeereiiiierniiiiiirineniirnenens 66-76 per cent
Gold recovery by blankets, 80-76 per cent of 33-24' per cent,..... 26-84 ¢
Overall gold recovery......oeve.. e eteerenanrararrnearraneas .o 93-60 ¢

Silver recovery by flotation..........
Silver recovery by blankets, 19-62 per cent of 13-39 per cent veas

OVerall SILVeT IRCOVEIY vevserrerrereenrrnetrossesnsserssnosenses 89:24

CONCLUSIONS

......... vesess 86:61 per cent
2:63 ¢

&@®

The results of the test work indicate that flotation followed by blanket-
ing of the flotation tailing will account for a recovery of over 90 per cent
of the gold and 85 per cent of the silver in the form of concentrate.

The best grinding size as indicated by the tests carried out would be

around 75 per cent — 200 mesh.
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Ore Dressing and Metallurgical Investigation No. 621
(Supplementary to Investigation No. 698 )

GOLD ORE FROM THE WENDIGO MINE, NEAR KENORA, ONTARIO

Shipment. A shipment consisting of 1,950 pounds of ore was received
at the Ore Dressing and Metallurgical Laboratories on February 18, 1935.
It was submitted by C. Spencer, Manager, on the instruetions of H. G,
Young, Vice-President, Wendigo Gold Mines, Ltd., 701 Dominion Bank
Building, Toronto, Canada. The ore was said to be from the property of
the Wendigo Gold Mines, Limited, situated one-half mile north of Witch
bay, Lake of the Woods, Ontario.

Purpose of the Experimental Tests. The experimental tests were for
checking those made on a shipment received from the same mine on August
9, 1934, the results of which are published in Investigation No. 593, and to
comply with the company’s request for table concentration tests on the
flotation concentrate.

Characteristics of the Ore. Twelve polished sections were prepared and
examined microscopically to determine the character of the ore.

The sample consists of green to grey chloritic schist, which contains a
considerable amount of finely disseminated carbonate and patches and
veinlets of grey transparent quartz. Considerable amounts of pyrite and
chalcopyrite are present chiefly in the schist as small masses, and, more
uncommonly, small graing and stringers. Pyrrhotite occurs as small grains
in the schist, and arsenopyrite is present as rare small erystals in pyrite.
No native gold was seen.

The sample submitted August 9, 1934, was examined and the following
characteristics noted.

It consisted of greenish grey chloritic schist and associated quartz veins,
through which pyrite and chalcopyrite were distributed rather abundantly
ag irregular grains, stringers, and small masses. The pyrite contained a
small amount of pyrrhotite, the chalcopyrite a small amount of sphalerite.
Native gold was present as relatively coarse grains only in grey translucent
quartz.

Since no native gold was seen in the present shipment, its mode of
occurrence is not known. It is possible, however, that it is present in the
same form ag that in the previous shipment, namely, as coarse gold in the
quartz.

Sampling and Analysis. The shipment was sampled by standard
methods and assayed as follows:

) T 0-23 oz./ton
£ 18 N 0-07 %
L0713 - PN 0:40 per cent
ATBBIHC, v tv e s v v vtvtvnvenianeneiranereecirrteitienararienaas Nil.
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ExperiMENTAL TESTS

Blanket concentration followed by cyanidation.

Blanket concentration followed by flotation.

Blanfl){e.?' concentration followed by flotation and cyanidation of flotation

ailing.

Blanket concentration followed by flotation.

Recleaning flotation concentrate to obtain as high-grade concentrate as
possible and treating the flotation tailing by 10 cyanidation cycle tests
to determine the amount of fouling in the solution.

Blanket concentration followed by cyanidation cycle tests to determine the
amount of fouling in the solution.

Blanket concentration followed by flotation and re-treatment of the flotation
concentrate by table concentration.

BLANKET CONCENTRATION AND CYANIDATION

Test No. 1

In this test a representative sample of — 14-mesh ore was ground in a jar
mill, dilution 4 : 8, to give a product approximately 68 per cent —200 mesh.

The ground pulp was concentrated on a corduroy blanket sloping
2% inches in 12 inches. The blanket concentrate was panned to remove
excess gangue and sulphides.

The blanket tailing was dewatered and representative portions were
treated by cyanidation for 24 and 48 hours. They were agitated in cyanide
solution equivalent in strength to 1-0 pound of potassium cyanide per ton
at a dilution of 8 : 1. Lime at the rate of 5.0 pounds per ton of tailing
was added to give protective alkalinity. Additions of reagents were required
to maintain the strength of the solutions.

Resulis:
Blanket Concentration:
. Distribu- | Ratio of
Weight Assay :
Products ! ! |tion of gold,| concen-
per cent | Au, oz./ton per cent, tration
Teed. .. eiveenseeeereeesereeeennenas 100-00 0-19* 100-00
Blanket concentrate...........ovieiiiiiniin, 0:34 35-02 6305 204 ;1
R 7% 11T 99-66 0-07 36-95
* Caleulated values
Cyamidation:
Assay, . Reagents conpgmed,
Period of agitation, hours Au, oz./ton E;grrﬂgetllgn, 1b./ton tailing .
Feed l Tailing KCN l Ca0
. S 0-07 0-01 85:71 2-68 8.74
3 0.07 0005 92-86 4-26 9.07
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Summary: ‘
Recovery of gold by blankets,.....ccoooiieiiiiiiiiiiiiiiiiie, 63-05 per cent
« T« T« & guanidation in 24 hours.....86-71 X 36:95 = 31-67
Overall 1ecovery of Z01d.. . cvreerrerericcsrreseronrenniieeees 9472 ¢
Recovery of gold by eyanidation in 48 hours...... 02:86 X 36:95 = 34-31 per cent
“ by blankets...eceievriaenicnns. cereane 630 “
Overall recovery of gold..... e eebanarare e iiiares 97.36  «

Test No. 2

This test was similar to No. 1, except that the ore was ground to give a
product approximately 80 per cent —200 mesh.

Results:
Blanket Concentration:
. Distribu- | Ratio of
Weight, Assay .
Products H ¢ ltion of gold,| concen-
per cent | Au, oz./ton per cent tration
Feed..oovvvvrnenn PP, Sueeaannan P 100-00 0:19* 10000
Blanket concentrate........... Crereteneiaanens 037 38-03 73-86 270 :1
“ B0 17 99-63 0:05 26-14
*Calculated values.
Cyanidation:
Assay, Au, oz./ton . Reagents consumed,
Period of agitation, hours. ’ E;g‘a::rllz“' 1b./ton tailing
Feed Tailing KCN Ca0
D S P . 0:05 0-01 80-00 2-82 8-84
48... AP . 0:056 0-005 90-00 4-55 9-00
Summary:
Recovery of gold by blankets........... e eederareeiereiraes ' 73-86 per cent
« 7« T« & guanidation in 24 hours.....80-00 X 26:14 = 20-01 ::
Over all recovery of gold.............. eerees Ceeeeereans reaee 94-77 «

Recovery of gold by cyanidation in 48 hours.....90-00 X 26-14 = 2353 per cent
«© [ [ (1] 73.86 “«

blankets

Overall recovery of gold ..cocvvvvniiiviviiivneiianine Ceeran

97.39 «

BLANKET CONCENTRATION AND FLOTATION

Test No. 8

A representative sample of —14-mesh ore was ground in a jar mill,
dilution 4 : 3, to give a product approximately 72 per cent —200 mesh.
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“The ground pulp was concentrated on a corduroy blanket and the
blanket tailing was dewatered and treated by flotation using the following
reagents:—

Sodaash, . icciiiiiiiiii i e e 3:0 Ib./ton
Potassium amyl xanthate.....oooviiiiiiiiiiiiiiiiieiiiiaiaines 0.2 «
51T Y005 1 01 «
Results:
Blanket Concentration:
. Distribu- | Ratio of
Weight, Assay, ; -
Product per cent |Au, 0z./ton tm&:? fcg,%d' ggggg;
Y 100-00 0-27* 100-00
Blanket concentrat@......oovoviiiiiiiiii i 0-92 23:47 78-42 109:1
LR 755131 T 09-08 0:06 21-58
*Caloulated value.
Flotation:
. Assay Distribution, Ratio of
Products Weight, per cent concen-
per cent tration
Au, oz./ton I Cu, per cent Au l Cu
Feed..ooovevvrnnenns 100-00 0-06 0-43 10000 100:00
Flotation concen-
10-63 0-48 3-82 85-14 93-81 9-4:1
89-37 0-01 003 14-86 G-19
Summary:
Recovery of gold on blanket....c..vvvirireeiirnenenenrnearnenns 78-42 per cent
“ « « by flotation, 85-14 X 21-88... . eiiiiinn.inn, 18:37 «
Overall recovery of gold.....ooviiirreiiiiineiniiiiireineennnns 0679

Test No. 4

A representative sample of —14-mesh ore was ground in a jar mill,
dilution 4 : 3, to give a produet approximately 83 per cent —200 mesh.

The ground pulp was concentrated on a corduroy blanket and treated
by flotation similarly to Test No. 3.

Reagents for Flotation:

S Tos T O 3:0 Ib./ton
Potassium amyl xanthate.......oooviiiiii i 02 «
21T | 01 «
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Results:

Blanket Concentration:

: Distribu- Ratio of
Products Weight, Assay,

tion of gold,| concen-
per cent | Au, 0z./ton per cent | tration

Yo e 10000 0-24* 100-00
Blanket concentrate........vvivvnvenniiinrinn. 0-47 37-66 74-78 213:1
O tailing.. e e 99-53 0-06 25:22
*Calculated value.
Flotation:
. Assay Distribution, Ratio of
Products IYZ?E?& per cent concen-
Au, 0z./ton |Cu, per cent Au | Cu tration
Feed.....ovvvvvunnnn 100-00 0:06 0-44* 100-00 100-00
Flotation concen-
trate........ovuu.s 10-79 0-43 3:88 91-16 95-92 9.3:.1
Flotation tailing.. ... 89.21 0-005 0:02 8-84 4-08
*Caleulated value,
Summary:
Recovery of gold by blankets. . . v.ovvirrrverinrrrerenrenrenens 74-78 per cent
“ o« flotation, 91416 X 25:22...0ieitiiiieneninan. 22-99 ¢
Overall recovery of 2old.....ovvrniiveiveieenrnniiinrinvininss 97.77

BLANKET CONCENTRATION FOLLOWED BY FLOTATION AND CYANIDATION

Four tests were made to show the effect of different flotation reagents
and different amounts of each reagent. In each test the ground ore was
concentrated on a corduroy blanket to remove particles of free gold before
flotation. The flotation tailing was treated by cyanidation.

Representative samples were ground in jar mills, dilution 4 : 3, to give
approximately 77 per cent —200-mesh products, and concentrated on a
corduroy blanket.

Test No. &

The blanket tailing was treated by flotation using the following re-
agents:—

1:01b./ton
. 010 ¢
0:05

The flotation tailing was treated by cyanidation by agitating represent-
ative portions in cyanide solution equivalent in strength to 1-0 pound of
potassium cyanide per ton at a dilution of 3 : 1. Lime at the rate of 5-0
pounds per ton of tailing was added to give protective alkalinity to the pulp.

23903—8
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Results:
Blanket Concentration:
. Assay Distribu- { Ratio of
Products nghtt" tion of gold,| concen-
per cen Au Ag per cent tration
Feed....oovvvernnnns R Ceeaen 100-00 0-18* 0-07 100-00
Blanket concentrate. . 0-62 1666 374 5649 161:1
“  tailing......... 9938 0-08 {..overennnn. 43-51
*Caloulated value.
Flotation:
. . Assay Distribution, Ratio of
Products Woight, per cent concen-
per cent Au, Cu, brati
oz./ton per cent Au Cu on
Feed.oorvrrnrennnnes 100-00 0-08 0-41 100-00 100-00
l‘lotutlon concen-
Tat0...iiveeenss 7-98 0-60 4-88 63-44 0549 12-6:1
Flotatlon tailing..... 9202 0-03 0-02 3656 4-51
Cyanidation:
. Lo Assay, Reagents consumed,
Period of agitation, - Ay, 0z./ton Extraction, 1b./ton tailing
hours per cent
Feed Tailing KCN Ca0
24...... cerearranes Ceeesenes 0-03 0-005 83:33 0-82 4.36
. 0-03 0-002 93-33 1-48 4.37
Summary of Results:
Recovery of gold on blankets.......... FS T 56+49 per cent
by flotation........... veverse.,03:44 X 43:51 = 2760
“ by blankets and flotation.............. Ceeerreeaas Cerees 84:09 ¥
Gold available for eyanidation................. 36-66 X 43-51 = 15-01 per cent
Recovery by cyanidation in 24 hours........... 83-33 X 1591 = 1326 ¢
“ oo« «“ R 03-33 X 15-91 = 14-85 ¢
Overall PeCOVerY..covvrverviriiacieennnns vesso. 84:00 4 13-26 = 97.35 per cent
“ “ veonsesssseasresarencrassarsess 84:09 4 14:85 = 98.04 ¢

Test No. 6

The blanket tailing was treated by flotation using the following
reagents:—

Lime. s reaiar et rerecasasreiaiaees 301b/ton
Sodium ethylxanthate ................. Cereeseirerenans veveerennes 010
Pine 0il..cusieniiiieiiiniiinsisintiarnranenns P | 1111 B

Representative portions of the flotation tailing were treated by cyani-
dation similarly to Test No. 5.
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Results:
Blanket Concentration:
. Assay, oz./ton Distribu- | Ratio of
Products vg‘;’%:,‘& ! tion of gold,| concen-
P Au Ag per cent tration
Teed...ooovrviiniieninenennnnnnns 100-00 023 .07 100:00
Blanket concentrate.............. 0:52 48-65 874 80-88 192:1
“ tailing.....coouiienennnnn 0948 006 }....0000000 19-12
Flotation:
Distribution,
Weight Aﬁsay per cent ! Ratio.of
{ concen-
per cent Au, Cu, Au Cu tration
oz./ton per cent
Feed...ovovrnvnnnnns 100-00 0-06 043 100-00 100-00
Flotation concen-~
trate....o.iieinns 496 0-70 7:62 54-91 88-84 20:1
Flotation tailing..... 95-04 0-03 0-05 45-09 11-16
Cyanidation:
Assay, Reagents consumed,
Period of agitation, Au, oz./ton Extraction, 1b./ton tailing
ours per cent
Feed Tailing KCN Ca0
. S 0-03 0:005 83.33 0-80 4.1
L 2 0-03 0:002 93-33 1-80 4.1
Summary of Results:
Recovery on blanket.......cvvveirrieninrnrneneeinirenereenes 80-88 per cent
“ by flotation.......oovivivvviiieinnnnn, 19:12 X 54.91 = 10.50
“ “ blanket and flotation............oiviiiivinnnnns 91-38 ¢
Gold available for cyanidation.................. 45-090 X 19-12 = 8-62 per cent
Recovery by cyanidation in 24 hours............ 83-33 X 862 = 7.18 ¢
“ “ “ B 93:33 X 8:62 = 8-06
Overall FeCOVOIY . cvvuveerrerrerrnrerns + 7.18 = 9856 per cent
“ “ -+ 8:06 = 99-43 “

Test No. 7

The blanket tailing was treated by flotation using the following
reagents:—

5 T O 1:0 Ib./ton
Sodium eyanide.....eeseeeiiriietienriieirrierrorriinsrsennsnens 0-10 “«
Sodium ethyl xanthate.....c.c.evrriiinniiiiiiiieiinrioenneenense 010 “
Pine 06liiiesineineiniensieeosensroeeseeensoereeeenonsererssnsenees 0-06

Representative portions of the flotation tailing were treated by cyani-
dation similarly to Test No. 5.

23903—8%
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Resulis:
Blanket Concentration:
s Assay, Distribu- | Ratio of
Products Welghlf,é Au, tion of gold,| concen-
per ce oz./ton per cent tration
Feed..ooovvvvviiivnnnn PN e, 100-00 0-23 100-00
Blanket concent.rate ........................... 0-69 20-61 6417 145 :1
S 511117 S ebreaiueiienanae 9931 0-08 3583
Flotation:
: Distribution,
Weizhi Assay per cent Ratio of
Products or g'eni': concen-
P Au, Cu, Au Cu tration
oz./ton per cent
Feed............ ceen 100-00 0-08 0-40 100:00 100-00
Flotation concen-
trate.............. 2:16 2:38 1726 67:72 9269 46: 1
Tlotation tailing.... 9784 0:025 0-03 32.28 7-31
Cyanidation:
Assay, TReagents consumed,
Period of agitation, Au, oz./ton Extraction, 1b./ton tailing
hours per cent
Feed Tailing KCN Ca0
....................... 0-025 0:005 80-00 0-82 4.21
eteereerarertrteaaes 0-025 0:002 92.00 1-82 4.23
Summary of Results:
Recovery on blanket................ PR 64:17 per, cent
Recovery by flotation...oocvveieiiniiiennnnin.. 3583 X 67:72 = 24.26
“ “ blanket ahd flotation........coiviiiiiiiiiniiinns 8843 ¢
Gold available for cyanidation .35 = 11 57 per, cent
Recovery by cyanidation in 24 hou ..80: . 7 =
&“* @ {3 U48 “° . . 7 = 10 64 [
Overall TECOVEIY . vovvvrsrnerinensensansioncersnns 88 26 = 97-69 per cent
“ N 64 = 99:07

Test No. 8

The blanket tailing was treated by flotation using the following
reagents:—
Lime..vvineninreernenenennns Cereees . 301b/ton
Sodium cyanide.............. 0-1

Sodium ethyl xanthate
PARe Odlucusensennnnneneernonsniivisinsssnsssrnonsnsrsosasscisanans

Representative portions of the flotation tailing were treated by cyanid-
ation similarly to Test No. 5
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Results:
Blanket Concentration:
. Assay . Distri- Ratio of
Products v‘;i’%g;é Au, ! bution, concen-
p oz./ton per cent tration
Feed....ooovvviiiireiniareinenananes PO 100-00 023 100-00
Blanket concentrate........ocviviiiiianiiinan. 0-49 37:96 75:70 204:1
“ tallinge. .. iii e vees 99-51 0:08 24:30
Flotation:
Assay Distribution, s
Products Weight, per cent Iégﬁz‘zrgf
per cent Au, Cu, tration
oz./ton per cent Au Cu o
Feed.........c...t 100-00 0-06 0-41 100-00 100:00
Flotation concen-
trate.............. 2.-44 1-56 15-60 66-15 92-85 41:1
Flotation tailing..... 97-56 0:02 0-03 33:85 7:15
Cyanidation:
Assay, Ren%gnts consumed,
Period of agitation, Au, oz./ton Extraction, Ib./ton tailing
hours per cent
Teed Tailing KCN Ca0
b S Ceheseasiesens 0-02 0-003 86-00 0-82 4.0
Summary of Results :
Recovery of gold on blanket.......covvvvivrivenisiresrnrvnienss 7570 per cent
“ « “ by flotation......c..ooveneinnens 24:30 X 66-16 = 16-07 i:
Recovery of gold by blanket and flotation..............coeveenen 9177 “
Gold available for eyanidation, 33-85 X 24:3 = 8-23 per cent
Recovery by cyanidation in 24 hours.............. 850 X 823 = 700 ¥
Ovwverall recovery of gold.......ccovvvienininninse ,.91:77 + 7:00 = 98-77 per cent

BLANKET CONCENTRATION FOLLOWED BY FLOTATION AND CYANIDATION
CYCLE TESTS ON FLOTATION TAILING :

Test No. 9

Representative samples of —14-mesh ore were ground in jar mills,
dilution 4 : 8, to give a product approximately 80 per cent —200 mesh.
The ground pulp was concentrated on a corduroy blanket and the blanket
tailing was treated by flotation using the following reagents:—

7' VT O .. 1:.01b./ton
Sodium eyanide........ 01«
Sodium ethyl xanthate 01«

Pine oileeveeeveresnreeersunennsissnnsnes errreeseneines . . 008 ¢
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The flotation concentrate was cleaned in a smaller cell by the addition
of lime only.

The re-cleaned concentrate agsayed 4.36 ounces of gold per ton and
30 per cent copper.

The flotation tailing was treated by cyanidation. The same solution
wasg used for 10 charges of tailing. Each charge was agitated for 24 hours
at a dilution of 3 : 1.

The strength of the solution was 1-0 pound of potassiurﬁ cyanide per
ton and lime was added at the rate of 5:0 pounds per ton of tailing.

There was no appreciable fouling of the solution.

Results:
Blanket Concentration:

N Distri- Ratio of
Weight, Assay, s -
Produots per cent | Au, oz./ton p];‘;téggé (é::tcﬁ;;
Toed..ovivieniinneiainenns evns 100:00 0-26* 100-00
Blanlket concentrate.......... eee ) 025 75-87 73-10 400 : 1
“  tailing...iiiinennen rerreraanas 99-75 0-07 26-90
*Calculated value.
Flotation:
Assay Distribution, Ratio of
s per cen atio o
Produocts g‘g%ﬁ% . Cu concen-
Au, oz./ton por ce'nt Au Cu tration
Fead......ovvvevanns 10000 0-07 0-35* 10000 100-00
Flotation concen-| .
trate.......oovnt 0-856 4.30 29:90 55+46 71-93 118 :1
Flatation tailing..... 99-15 003 0-10 44-54 28-07
*Caloulated value.
Summary of Results:
Recovery of gold on blanket............... e eeriaesraraeaens . 73-10 per cent
“ o “ by flotation..........ovevveenn 26-90 X b5-46 = 14.92 ¢
¢« ¢« « blanket and flotation............ Ceeereens 88.02 “
Gold available for oyanidation, 26-90 X 44-54 = 11-98 per cent
Maximum recovery in 24 hours.....co.ovevuevans 83:33 X 11-98 = 9.98 ¢

Overall recovery of gold....ovvvivrinvrieenivinns 88-02 + 998 = 98:00 per cent
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Results of Cyanidation of Flotation Tailing:

Assay,
Cycle Au, oz./ton. Extraction,
No. per cent
TFeed Tailing
) 0-03 0-01 66-67 . .
2eveerenassearssannns 0-03 0:005 8333 Analysis of cyanide solution.
: F Creereteninas 0-03 0-005 83-33 Reducing power = .
deieiiiiiannins 0:03 0-01 6667 685 c.c. N/10 KMnOy per litre
Byvieinnirasniininns 0-03 0-005 83-33 KCNS = 0:855 grm. per litre
[ PN 0:03 0-01 66-67 Fo = (-0006 grm. per litre
0:03 0-01 66-67 Cu = 0-324 grm. per litre
0:03 0-005 83-33
0:03 0:005 83-33
0-03 0-005 83-33

BLANKET CONCENTRATION FOLLOWED BY CYANIDATION CYCLE TESTS

Test No. 10

Representative samples of —14-mesh ore were ground in jar mills,
dilution 4 : 3, to give a product approximately 80 per cent —200 mesh.

The ground pulp was concentrated on a corduroy blanket and the
blanket tailing was treated by cyanidation in a number of cycle tests
gimilar to those in Test No. 9.

Results:
Blanket Concentration:
Distri- .
. ; Ratio of
Products Weight, Assay, bution concens
per cent, |Au, oz./ton | of gold, +
per cenb tration
T T PN 100-00 0:22* 100-00
Blanket concentrate....oe.svevrsiiisiieiinann. 0-17 9820 7698 688:1
AT 7:5 1111 SR 99-83 0-05 23-02
* Calculated value.
Summary of Results:
Recovery of gold on blanket..... S ma s an A nnn s ns A ans 76-98 per cent
“ « ¢ by cyanidation.....eeiiieneran 90:0 X 23:02 = 20-72 “
Overall recovery of 20ld....evverereresnsnnns eerreereneres vees 0700
Results of Cyanidation of Blanket Tailing:
Cyelo Assay, Au, oz./ton Extraction,
No. Foed | Tailing | PO cont
..................... 0:05 0-005 90-0 Analysis of cyanide solution.
..................... 0-05 0-001 98-0 Reducing power = i
..................... 0-05 0-01 80:0 729 c.c. N/10 KMnOx per litre
R 0-05 0-005 90-0 KCNS = 0-71 grm. per litre
i 2 0-05 0-005 90-0 Fe = 0:0007 grm. per litre
Cu = 0376 grm. per litre
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BLANKET CONCENTRATION, AND TABLING OF THE FLOTATION
CONCENTRATE
Test No. 11

Representative samples of —14-mesh ore were ground in jar mills,
dilution 4 : 3, to give a product approximately 80 per cent —200 mesh.

The ground pulp was concentrated on a corduroy blanket and the
tailing was treated by flotation using the following reagents:

7 T T P [ 1-01b./ton
0‘2 [
005

The flotation tailing was sampled and assayed.

ol The flotation concentrate was reground and concentrated on a Wilfley
able.

Results:

Blanket Concentratton:

Distri- :
: Assay, s Ratio of
Products ‘z‘;lggrfé Au,y o]?ut(:?; concen-
p 0z./ton pergcen;: tration
T S 100-00 0-19* 100-00
Blanket concentrate.......coviveiiierniienans 0-15 78-09 62-59 667 : 1
“  tailing............ FS N 9985 0-07 37-41
*Caleulated value
Flotation:
Distri- .
. Assay, A Ratio of
Products Vg«;lg(};fé Au,y o]?ufgﬁi‘ concen-
p oz./ton pefceni: tration
Teed..........oooueee 100-00 0-07 '100-00
Flotation concentrate. . 10-85 0-40 58-18 92:1
« talling.....ooo i 8915 0-035 41.82
Table Concentration:
Distri- .
. Assay, h Ratio of
Products gﬁ’gzﬁé Au, olf)"g;fél concen-
. oz./ton por cent tration
Feed..ivviiiiiiiiiiiii i e - 100-00 0-40 100-00
Table concentrate......covevvvsrvsrensseniienns 14.08 0-94 35-50 7:1
“ tailing..... erre i ee e et 85.92 0-28 64-50
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Summary of Results:
Recovery of gold on blanket. ....oveevurvrrrinenesienrsrssnsnns 62-59 per cent
“ “ % by flotabion.........evniiinnen 53-18 X 37-41 = 21.77 ¢
. Recovery by blanket and flotation..........ovvneieiiieninans 84.36 per cent
Loss in flotation tailing,.............. reereeee. 41.82 X 3741 = 15:64 ¢
100-00 “
Gold available in flotation concentrate........cvvvvvvrvvinniians 21-77 per cent
Recovery of gold in table concentrate.35:50 X 21-77 per cent = 773 per cent
Loss of gold in table tailing........... 64-50 X 21-77 “ = 14.04 ¢
21-77
Recovery of gold on blanket.....coovevriveiiiieiiiiiveiieinenns 62-59 per cent
“ “ % intable concentrate.........civeiiiiiiiiiians 73«
Overall recovery of gold.....vevvevrrrevrivenenioircnenssvacans 70-32 ¢

The grade of table concentrate is too low.

SUMMARY OF EXPERIMENTAL TESTS

Blanket concentration was made on each test prior to treatment by
cyanidation or flotation, or both, in order to remove particles of free gold.
The ore was ground to give products from 68 per cent to 80 per cent —200
mesh. The recovery on the blankets varied from 56 per cent to over 80
per cent of the gold. An average recovery of at least 70 per cent may be
expected.

The blanket tailing may be treated by flotation to give a high-grade
concentrate carrying over 4 ounces of gold per ton and 30 per cent of
copper. The flotation tailing assayed 0-03 ounce of gold per ton.

Cyanidation of the flotation tailing gave an overall recovery of 98 per
cent of the gold with high consumption of cyanide and lime. Cycle tests
carried out on this tailing showed no appreciable fouling of solution.

Cyanidation of the blanket tailing gave a recovery of from 80 to 85
per cent of the gold in the tailing, and an overall recovery of 95 per cent.
The consumption of reagents is high.

Cyecle tests on the blanket tailing of Test No. 10 showed recoveries of
from 80 to 98 per cent with no evidence of solution fouling. The con~
sumption of reagents is high,

Table coneentration of reground flotation concentrate gave a recovery
of 35 per cent of the gold from this feed, and in a low-grade product.

CONCLUSIONS

There are two methods of treatment open for adoption. The first is a
combination of blanket concentration, flotation of the blanket tailing, and
cyanidation of the flotation tailing.

The second is a combination of blanket concentration and cyanidation
of the blanket tailing,.

The flow-sheet in method No. 1 is quite complicated and will entail
high plant and operating costs. A high-grade flotation copper concentrate
can be made. However, the distance of the property from a smelter will
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cause high freight rates to be charged against the flotation plant. This
will be offset somewhat by the sale of the copper. The cyanide annex
treating the flotation tailing will operate with a minimum of cyanide
consumption,

Method No. 2. is less complicated. The gold in the ore is shown to be
readily soluble and good extraction can be obtained within 24 hours. Cyecle
tests indicate that the extraction is not reduced by repeated use of the
solutions provided they are freshened with a small quantity of new solution.
There is an indicated consumption of approximately 3 pounds of potassium
cyanide per ton of ore milled.

It is apparent from the data that method No. 2 is the more suitable
for treatment of this ore, its nature and geographical position being taken
into consideration.

The ore should be ground in water and passed over blankets. Classi-
fiers should be installed in the cireuit and the grinding adjusted to give a
classifier overflow produet containing 65 to 70 per cent through —200-mesh
screen. The classifier overflow should be thickened and filtered before
passing to eyanidation. The filter cake then should be re-pulped in cyanide
solution, lime added, and the pulp agitated for approximately 24 hours.
The remainder of the eyanide plant will consist of the usual machinery,
thickeners, filters, ete.

The fact that the gold is readily soluble in a short period of agitation
will tend to keep the cyanide solutions active and fairly free from excessive
fouling. Wash water on the filters, in all probability, will be sufficient to
keep the solutions fresh without the bleeding of solutions necessary on some
ores of this type.
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Ore Dressing and Metallurgical Investigation No. 622

GOLD ORE FROM THE MOOSHLA GOLD MINES, BOUSQUET TOWNSHIP,
QUEBEC ’

Shipment. A shipment of gold ore, consisting of 50 bags, approximate
weight 2,500 pounds, was received from the Mooshla Gold Mines, Limited,
Bousquet township, Abitibi county, Quebee, on February 18, 1935. The
shipment was submitted by D. M. Giachino, Noranda, Quebec.

Characteristics of the Ore. The gangue consists chiefly of fine-textured
greenigh grey siliceous rock with a minor quantity of grey quartz. A small
amount of carbonate is finely disseminated in the rock.

The metallic minerals, in their order of abundance in the sections
e};?mined, are: pyrite, chalcopyrite, pyrrhotite, sphalerite, native gold, and
galena.

Most of the pyrite oceurs in coarsely-crystalline masses which contain
veinlets of pyrrhotite, but a small quantity is disseminated as coarse to fine
graing and crystals. A little pyrite which is probably of later origin is
present as zones along fractures in the pyrrhotite, indicating that it has
resulted from the alteration of the latter.

Chalcopyrite occurs as masses and irregular grains, and is mostly
coarse. It veins the early pyrite.

Pyrrhotite is common a8 small masses and grains, and is usually asso-
ciated with pyrite, which it veins. It contains sphalerite and, very rarely,
chalcopyrite.

Sphalerite occurs ag small irregular graing in pyrrhotite and more rarely
in chalcopyrite. It does not contain dots of chalcopyrite, as is commonly
the case.

Native gold is common, its chief associate being chalcopyrite. It occurs
as: (a) irregular grains around the borders of, and also within, chalcopyrite;
(b) irregular grains around the borders of, and within, pyrrhotite; (c)
irregular grains within pyrite; (d) irregular grains within sphalerite;
(e) irregular grains in gangue; and (f) rare tiny grains in gangue which
appear t0 be sections of dodecahedra, and which may be crystals.

A quantitative microscopic analysis gives the following data on the
occurrence of the native gold.

(e) Associated with chalcopyrite: Per cent
. Against chaleopyrite....viieeteriniireriniiirereeenesnsnanns 68-70
2. Within it ittt ettt ist e 4:29
7202

(b) Associated with pyrrhotite:
Against pyrrhotite...uvvveeiinrniiiiiiiiiiriiereriisvasennes 4:70
2, Within e teteessersaserutssnesesassnsnotsnssonnae 0:34
5-04
(c) Within PYIite....vsseeersereneeorenrsreiruneeecnssuesorsnsassnvnns 1-54
(d) Within 8Phalerite....eeseeeeieeeererenrnreirornessesnressessnsnens 128
() Within ZaNEUE. .. .vuvervrrvrrreereenesenenesnsnsnensarsosnnnensss 19.22
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Grain Size of the Gold. Table I shows the grain size of the gold, as
determined by microscopic analysis. In all, 168 grains were measured, and
the results are regarded as unusually accurate for such analyses.

TABLE I
Grain Size of the Gold
Associated with | Associated with Within
chalcopyrite, pyrrhotite, In Within | sphaler-| Total
Mesh per cent per cent gangue, | pyrite, ite, gold,
per cent | per cent | per cent | per cent
Against | Within | Against | Within
+  48.. 13T 2 (O (N N N 3-96
— 484 65.. (1573 IO SR PSRN HOTN 6-26
— 656+ 100.. L Y P Y PN 11-49
— 100 4~ 150.. 1705 |.ooviii]oveennan]oeennnnes 1.34 18-39
— 150 4~ 200 12-04 0-96 089 1......... 1-92 16-77
— 200 4+ 280 8-86 0-68 1410 §...000e 2-55 |, 13-19
— 280 4 400 4.37 1-06 1406 [......... 3.74 |, 10-23
— 400 4+ 560.... 1.97 0:46 0-80 0-34 2.38 595
— 560 4+ 800.... 1-21 0-32 0-6114......... 2:30 5-27
— 800 + 1,100 1-19 0-33 0:24|......... 2-00 4:14
—1,100 + 1,600 0-30 (1532 I AN 171 2:78
—1,600 4 2,300....}......... 0:09 [oeunveiii]eunennnns 0.82 1-09
—2,300  ..ofeeeenenn {1111 AR (RN 0-46 0-53
Totals.......... 68-70 4.22 4.70 0-34 19-22 100-00
72:92 504 1922 100-00

The character of the ore from Mooshla Gold Mines is somewhat
complex. Certain generalizations can be made as to the effect of this
upon its treatment. The presence of cyanicides (chalcopyrite and pyrr-
hotite) in some abundance eliminates the possibility of extracting the
gold by cyaniding the raw ore and indicates the advisability of attempting
a separation of the metallic constituents.

About 73 per cent of the gold is associated with chalcopyrite which is
comparatively coarse, and a copper flotation concentrate should carry a
large percentage of the gold with only moderate grinding. As will be seen
in the grain analysis, most of this gold is comparatively coarse and much
of it should be amenable to amalgamation; it is possible, also, that the use
of blankets to catch some of the coarser grains might be advisable.

The gold remaining in the flotation tailing is largely in the gangue
(about 19 per cent) and associated with pyrrhotite (about 5 per cent). It
would seem advisable to attempt to include the “pyrrhotite’’ gold also in
the concentrate, in which case the treatment of the tailing by eyanide would
be simplified. If this cannot be done, some method of rendering the pyrrho-
tite of the tailing inert must be employed or the consumption of cyanide
will be excessive. It will be noted that the gold in the gangue is consider-
ably finer than that with chalcopyrite. This suggests regrinding the
flotation tailing before treatment with cyanide.

The above suggestions were based on the character of the ore as deter-
mined microscopically, and were advanced, tentatively, for the purpose of
assisting the engineer in the investigation of methods of treatment.
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Sampling and Assaying. The shipment was crushed and sampled by
standard methods. The results of the assay on the feed sample were ag
follows:—

ExPERIMENTAL TESTS

Experimental work embraced laboratory tests by amalgamation,
blanket concentration, flotation, and cyanidation.
The results of the test work follow:

Test No. 1

This was a barrel-amalgamation test on the ore to determine the
amount of free-milling gold present at the grinding size indicated.

A sample of crushed ore was ground and then amalgamated in a jar
mill with 100 grammes of mercury for 1 hour.

Goldinthofeed. ....vveereeieiriirirornenesssnsrsenrsnsessreerass 1-16 oz./ton
Gold in amalgamation tailing.......ovvveeiiiiiiiiiiiieriiiiene, 0-3¢
Recovery by amalgamation.......ocovviieieriiiiiiiiiaienieniees 70-69 per cent
Screen Test on Tailing:
Weight,
Mesh per cent
0:2
1.1
10-3
15-9
19-4
53-1
100-0

The results indicate that at a grinding size of 53 per cent —200 mesh,
70 per cent of the gold is free-milling.

Test No. 2
This was a blanket test in which a sample (1,000 grammes) of ore was
ground for 20 minutes and the pulp then run over a corduroy blanket. The
tailing was reground for 10 minutes and cyanidation tests were made on
the reground product, using a solution of concentration equivalent to 1
pound of potassium cyanide per ton.

. Distribu- | Ratio of
Weight, Assay .
Products ! ' _|tion of gold,| concen-
per cent | Au, oz./ton per cent tration
Treed.. .. ovreenuenerirernesenioennsenssnieness 100-00 1-16 100-00
Coneentrate....oovvviirereseirrsriinesecacnnns 7-22 8:80 60-88 13:85:1
Tailing,..covrviiiiiiiii i iieanenns 92.78 0-44 39-12
Cyanidation of Blanket Tailing:
. Assay, . Reagents consumed,
Period of Au, oz./ton Extraction, 1b./ton Pulp
agitation, per cent dilution
hours Teed | Tailing KCN I CaO
P 0-44 0-16 6364 2:70 7-99 3:1
2 0-44 0-10 77:27 3-30 9.45 3:1
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Screen Test of Cyanide Tazling:

Weight,
+10?f°5h per ((:)ent
150, eeriireeinaneeennn e e —————— 1-4
+200...... Gt e heeareasecastestsattoasssrtrostensanres Ceverees Ceeerrierees 10-1
LS I 88.4

100-0

The results of the cyanidation tests indicate a rather high consumption
of cyanide.

FLOTATION
The following two tests were bulk flotations:

Test No. 8
Charge to Mzll:
T 11T ) - 1000 grammes
I 13T F 3R T 1 4.0 1b./ton
Grinding time....veveeerrerirereeersenseersssenserssssrnacs 30 minutes
Reagents to Cell:
Potassium amyl xanthate......iievieiiiiireriereeernrerenaens 0+4 1b./ton
S Te E T ) P 2.0
Pineoil..ocvvvvennnnn F et iae st eeatatte ittt an et ttesareraranae 0-16 “
Assay Distribution, .
Product Weighté C por cent %ggéggf
POX eent | Ay, oz./ton per ::lént Au ' Cu tration
Feed 100-00 1:16 052 100-00 100-00
Congcentrate., 1238 8-43 4:12 8751 08.31 8:08:1
ailing 87:62 0-17 0.01 12.49 1-69
Screen Test of Tailing:
\ Woeight,
Mesh per cent
L 1
1 5.8
2L 215
e 11| 717
100:0
Test No. 4

In this test 6 pounds of soda ash per ton was added to the grinding
along with 0-07 pound of Aerofloat No. 31 per ton.

Reagents to Cell:

Potassium amyl xanthate
Pine oile..viveeranananes
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, Distribution, )
Weicht Assay per cent, Ratio of
Product g1h concen-
per cent Au, Cu, Au Is tration
oz./ton per cent u
Feed....covvnverens 100-0 1-16 0-52 100-00 100-0
Concentrate......... 13-8 7-48 3.56 87.22 95-:01 7:25:1
Tailing,.coievieeenss 86-2 0:175 | - 0-03 12.78 5:0

Bulk flotation alone is not satisfactory, but the tests indicated that
by re-floating the concentrate better results might ensue.

Test No. 6 -

In this test, a combination of blanket, amalgamation, flotation, and
cyanidation tests was carried out. The flow-sheet was as follows:—

Grinding in Abbé mill.

Blanket, strake

Concentiate Tailing
Barrel amalgamation
Gold amalgam Tailing
Flotation in lime circuit
Flotation concentrate Tailing
Regrind
Cyanidation

_Final tailing
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. istribu- tio of
Weight Assay Distribu Ra
Product H ' _|tion of gold,| concen-
per cent  jAu, oz./ton per cent tration
Feed.ovivvinviniinnnnn 100:00 1-16 100-00
Concentrate. . 1:99 35-64 61-13 50-25 :1
Tailing..... 9801 0-46 3887
Barrel Amalgamation of Blanket Concentrate:
Gold in concentrate..... PN Ceeereeiaes i reeeieeerenae. 35-64 0z./ton
Gold recovered in amalgamation.,.......ovverveennn. Cereraeeees 29.466 “
Gold recovery by amalgamation......vvvreirviseirecernenenenss 8268 per cent

Total gold recovered by amalgamation 82-68 per cent of 61-13 per cent.=>50-564 per cent

Bulk Flotation of Mized Blanket and Amalgamation Tailings: For con-
ditioning, the reagents added to the cell were:

Lime.,.ov..un. N Cererreerenens . 8:01b./ton
B8 O V- 1 - 0.2 «
T R 0:05 “
Distribution
Weicht Assay per cent Ratio of
Product per gent,', S concen-
Au, oz./ton per tl:lént Au Cu tration
Feed...ovvvvinnninnn, 100 00 049 1............ 100-00 10000
Concentrate......... 521 5:79 8:30 62462 8508 19-19:1
Tailing........vuuee 9479 0-19 0-08 37.38 1492

C’yam’datz'on of Flotation Tailing.
and 48 hours were carried out on samples of the flotation tailing.

Cyanidation tests for periods of 24

The

strength of cyanide solution was equivalent to 1 pound of potassium cyanide
per ton at the start of the run.

Tests on Unground Tailing:

. Asgsay, Reagents consumed
5 ?t;‘;?ogf Au, oz./ton Extraction, b./ton ! Pulp
g hours | per cent dilution
Feed Tailing KCN CaO
. 0-19 0:06 68:42 1-5 5-95 3:1
. 0-19 0-05 73-68 2.58 6-25 3:1
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Tests on Reground Tailing:

: Assay, Reagents consumed
g;;eix;?tcilo%f Au, oz./ton Extraction, 1b./ton Pulp
hours — per cent dilution
TFeed Tailing KCN CaO
... 0:19 0-056 71-06 2-67 640 3:1
48.... 0-19 0045 76-32 3.27 7.25 3:1

Screen Test on Reground Tailing:

Weight,

150 Mesh per c(e}mlt
00, 8
1117 96-8
100-0

Summary of Results:

Gold recovered by blankets....oovviurrirneriierininriineisnss 6113 per cent
Gold recovered by barrel amalgamation of blanket concentrate

= 82-68 per cent of 61:13 per cent  50-54 ¢
Total gold recovered by flotation = 6262 per cent of (100-50-54)  30-97
Total gold recovered by cyanidation of flotation tailing = 76-32

per cent of 100- (50:544-30-07)...cvevrnerieiiiiiniarerannes 4.11
Gold recovery by amalgamation and cyanidation.............. 64:65 ¢
Gold recovered in flotation concentrate.........covvvvenieninen, 30.97
Overall recovery of 20ld..ovvvvrriiiiininiieniinrnerinnnes 95.62

Bulk flotation will not produce a high-grade copper concentrate. The
following tests were devoted to the production of a high-grade copper
concentrate by selective flotation. These tests were carried out on the
straight ore, but there is no reason to suppose that they would differ if
carried out on the mixture of blanket and amalgamation tailings. The
gold would, of course, be lower, owing to the removal of free gold on the

blankets prior to flotation.
-~

Test No. 6

This flotation test was made on 2,000 grammes of ore, grinding being
carried out in an Abbé grinding mill. A bulk float wag made, which was
cleaned in a smaller cell. The middling product (tailing from refloated
bulk concentrate) was reground and floated. A lime circult was used.

The reagents added were as follows:

To Grinding:

5 5 V- 11b./ton
To Bulk Flotation:

51 ' SN 20 lb./ton

Potassium amyl Xanthate......ooveevrvririiirnsisnrisiesranns 03 «

g 1T 1 S N 0-025 Ib./ton

Middling reground with 1 gramme of lime and conditioned with 0-05
gramme of amyl xanthate.

23903—9
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Assay Distribution, .
Product Weight, per cent Icigrfé(;rgf
per cent Au, Cu, fration
oz./ton per cent Au Cu T
Feed..ooov vt 100-00 1-16 0-52 100-00 100-00
Copperconcentrate. . 2-27 1378 9.88 32+54 44.83 | 44-05:1
Concentrate of mid-
dling......ocovuue 1.23 18-82 15-04 2408 36-97
Middling.. . 4-50 3-95 1-41 18-49 12.68
Primary tailing..... 92-00 0-26 0.03 24.89 5.52

The copper concentrate is lower grade than the middling concentrate
which would indicate that a selective float and regrinding of the bulk
concentrate should improve the grade of the copper concentrate. The
following tests are selective floats.

Test No. 7

This was a selective flotation test in a soda ash circuit. The bulk
float was reground and conditioned with cyanide. The reagents added
were as follows:

To Grinding Circutt:

e F 1 N 4.0 1b./ton
To Cell:

Amyl xanthate. o.vunie i i e e e 0-30Ib./ton

g 051 P 0:10 «
To Regrind of Bulk Concenirale:

ST Te Y- 1-01b./ton

To Conditioning of Reground Concentrate:

(S0 e ST o R 29 13 (e - RO 0+5 1b./ton

Assay Distribution, Ratio of

Weight, per cent atlo o

Product per cent, Au, Cu, %‘?"gfoli;

0z./ton per cent Au Cu o
Feed...oovvvvnvnnn.. 100-00 1-16 0-52 100-00 100-00
Copper concentrate. . 3-13 16-25 9.40 47-15 55.11 31-95:1
Middling............ G-82 4.595 3.25 29.05 41.52
Primary tailing, .... 90-05 0-285 0-02 2380 3:37
Test No. 8

This flotation test was similar to Test No. 7 with exception that a
lime circuit was used instead of soda ash. The results showed a better
selectivity, resulting in a higher grade copper concentrate.

To the primary grind, 4 pounds of lime per ton was added. To the
bulk float, 0-3 pound of amyl xanthate and 0:025 pound of pine oil were
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added. The bulk concentrate was reground for 10 minutes with 1 pound
of lime per ton and conditioned with cyanide and additional amyl xanthate.

Assay Distribution, s
Product Weight, per cent lgg‘rtl’égr?_ f
per cent Au, Cu, tration
oz./ton per cent Au l Cu
Feed.......oovveeues 100-00 1-16 0-52 100-00 100-00
Copper concentrate.. 2-15 37-14 20-58 79.64 84-62 46-31:1
ngidling ............ 5.85 1-21 1-06 7:06 11-86
Primary tailing..... 92-00 0-145 0-02 13-30 3-52

The copper in the tailing is sufficiently low to render this product a
suitable one for cyanidation.

Test No. 9

This test is similar to the previous test with some small changes in
the amount of reagents added.

In regrinding the bulk concentrate 0-5 pound of lime per ton was used.
For conditioning, the reagents added were:

Sodium cyanide 0-15 1b./ton
0-30 ¢

Amyl xanthate .
Cresylicacid...viiviiiriiiiineeneiirneiinerinneneneinenrensinsn 1 drop
Aggay Distribution, Ratio of
. per cet atio o
Product Weight, concen-
per cent Au, Cu, tration
oz./ton per cent Au Cu TALIo
Feed.....ovvvvvnnn 100-00 1-16 0-52 100-00 10000
Copper concentrate. . 1.76 31-48 25-76 62-74 8630 56-82 :1
Middling............ 4.72 4.595 0-93 24.56 8-36
Primary tailing..... 9352 0-12 0-03 12:70 5-834
Weight,
Mesh per cent
0-8
5.6
18-5
751
. 100-0
Test No. 10
This was a duplicate of Test No. 9.
Agsay Distribution, R .
: per cent atio o
Product Y)Z‘:-]ggxfé Au Cu concen-
oz./ton per cent Au Cu tration
Feed.......oovvnnen 100-00 1-16 . 0-52 100-00 100-00
Copper concentrate. . 1-94 33.50 23-80 59.41 86-80 51-86 11
Middling............ 5.74 4.52 0.58 23-72 6:26
Primary tailing..... 92:32 0-20 0-04 16-87 6-94

23003—9%
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These tests indicate that the lime circuit has a decided advantage over
the soda ash; producing a more satisfactory froth and yielding a good
grade of copper concentrate.

The cyanidation tests on flotation tailing already carried out indicated
arather high consumption of cyanide. This is no doubt due to the pyrrhotite
in. the ore rather than to the small amount of copper present in the tailing.

A sample of flotation tailing was aerated in a lime pulp prior to cyanid-
ation and the results of these tests indicated an appreciable reduction in
the consumption of cyanide.

Test No. 11

A mixed sample of flotation tailings assaying 0-16 ounce of gold per
ton was reground for 10 minutes and aerated in a lime pulp (dilution
3 :1) for 15 hours.

Cyanidation tests for 24- and 48-hour periods were carried out on the
pre-aerated tailing. A solution of cyanide concentration equivalent to 1
pound of potassium cyanide per ton was used.

Assay, Reagents consumed,
Agitation, Au, oz./ton Extraction, 1b./ton Pulp
hours per cent dilution
Feed | Tailing KCN Ca0
24 i 0-16 0-045 7187 0-10 4.15 2.82:1
S 0-16 0-02 87-50 0-59 5.02 2.80:1

Screen Test Cyanide Tailing:

o
B I 82
Fend 11 91.0
1000
CONCLUSIONS

The results obtained from the small-scale tests carried out on the
sample of ore submitted indicate that a satisfactory method of treatment
can be attained by a combination of blanket concentration, barrel amal-
gamation, flotation, and cyanidation.

At a grinding size at which 53 per cent passed a 200-mesh screen,
about 70 per cent of the gold was found to be free-milling. Traps or
blankets in the mill-classifier circuit will account for a considerable pro-
portion of this gold and remove it before flotation.

Two-stage selective flotation in a lime circuit gave a copper concentrate
carrying 20 to 25 per cent copper. The bulk sulphide concentrate was
reground, conditioned with cyanide, and again floated, producing a copper
concentrate and pyrite concentrate (middling product.)

The flotation tailings were sufficiently low in copper to be cyanided.
The pyrrhotite present will act, however, as a cyanicide, and to overcome
this a pre-aeration of the pulp is carried out. The results of tests without
and with pre-aeration showed a cyanide consumption of over 3 pounds to
less than one pound per ton respectively.
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Ore Dressing and Metallurgical Investigation No. 623

GOLD ORE FROM LITTLE LONG LAC GOLD MINES, LIMITED, GERALDTON,
ONTARIO

Shipment. Seven drums, containing 1,950 pounds of gold ore, were
received February 22, 1935, from the Little Long Lac Gold Mines, Limited
Geraldton, Ontario, per Abbott Renick, mill superintendent. One can of
cyanide residue was also received on April 2nd.

The ore was submitted to investigate the cyanidation of the ore, and
of the blanket concentrate and blanket tailing produced from it. Cyanide
tests were also made on the sample of cyanide residue.

ExpegrIMENTAL TEsTs

The entire lot was crushed to pass 14 mesh and sampled. Analysis
showed that the ore contained 0-555 ounce of gold, 0-105 ounce of silver
per ton, and 0-23 per cent of arsenic.

It was fed at the rate of 70 pounds per hour to a small rod mill. Grind-
ing was adjusted to give a product 85 to 90 per cent —200 mesh. The
mill discharged over a corduroy blanket. During the three days’ run, the
blanket concentrate was collected and a large sample of the blanket tailing
was retained for cyanide test work.

BLANKET CONCENTRATION AND CYANIDATION

B 0555 oz, Au/ton
B 13T 0-20 “
R OOV Y et ier s ieronrevarressessssnsocssarsscasssssnennns 64-0 per cent

The blanket concentrate was amalgamated without regrinding, leav-
ing a residue containing 675 ounces of gold per ton.

Samples of the amalgamated concentrate were cyanided, 1 : 3 dilution
for 48 and 72 hours with a solution containing 5-0 pounds of potassium
cyanide per ton. Twenty pounds of lime per ton of ore was added to
supply protective alkalinity.

Results:
48-hour agitation:
Y N 6:75 oz. Au/ton
B T 2:67 « “
B3 Y (s 604 per cent

72-hour agitation:

.o, 6.75 0z, Au/ton
Tailing.... .. 8-185¢ “
Extraction......... veraenaa ... 52-8 per cent
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Reagents Consumed, Ib./ton of concentrate:

Samples of the amalgamated concentrate were reground 95 per cent
~—325 mesh and cyanided as above.

Results:

48-hour agitation:
L 675 oz. Au/ton
Il ¢ vt ettt ir et e innereenrreetanaterrernrnsaseanaanenen 1.23 « “
B0 Y110 | 81.8 per cent

T2-hour agilation:
T 675 oz. Au/ton
0T 1 169 « “
U YL 1o 75+0 per cent

ROASTING AND CYANIDATION

A sample of the amalgamated blanket concentrate was roasted at a
low temperature and then finished at about 800° C. The calcine was then
ground 1n water until 91 per cent passed 325 mesh. It was then cyanided
for 72 hours, 1 : 3 dilution, with 5-0 pounds of potassium cyanide per ton
solution. Ten pounds of lime per ton was added to supply protective alka-
linity.

Results:
Feed—caleine. ioveervriirriirieinrisnieieiirereeenrninenenenes 1135 oz, Au/ton
Cyanide tailing. . cvv.vieiereneeetiresearirierreneanreenenssanes 0-55 « “
G K (o) 95+1 per cent

CYANIDATION OF BLANKET TAILING

Samples of the blanket tailing were cyanided 1 :3 dilution with 1-0
pound of potassiuin cyanide per ton solution. Lime was added to the
tests at the rate of 10 pounds per ton of ore. Small additions of cyanide
were made during the agitation periods to maintain the strength of solution
at 1-0 pound of potassium cyanide per ton.

Resulis:

L Assay, Extrace Titrations, Rezﬁg’l‘;’i’i con-
Agltg%gl;)n, Au, oz./ton tion, 1b./ton b, /ton’
per cent

Feed Tailing KCN Ca0O KCN CaO
D 0-20 0045 77-5 1.0 0:6 1.2 8.0
8. i 0-20 0-05 750 1-0 0-6 1.2 8-0
7 i 0-20 0-06 70-0 0-9 0:5 1.5 8:5
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A similar series of tests was made on tailing ground 90 per cent
— 325 megh. -

Results:
. . Reagents con-
Assay Titrations g
spogs H Extrac- ' sumed
Ag}:gﬁlson. Au, oz./ton ton, 1b./ton Ib./t on
per cent

Feed Tailing KCN Ca0 KCN Ca0
D S 0-20 0-045 775 1.0 0-4 0-9 8-6
. S, 0:20 0-04 80-0 1-0 0-35 0.9 9-0
T2 iiiiiieininnes 0-20 0:04 80:0 0-8 0-3 1.5 9.1

CYANIDATION OF THE RAW ORE

Representative portions of the ore, ground to pass various meshes,
were agitated 1 : 3 dilution with 1.0 pound of potassium cyanide per ton
solution and sufficient lime to maintain the alkalinity of the solution at
about 0-3 pound of lime per ton.

Results:
: : Reagonts con-
. Asgsay Titrations
Agita- ; Extrac- ’ sumed,
Mesh tion, Au, 0z./ton tion, Ib./ton 1b./ton
hours per cent
Teed ] Tailing KCN CaO KCN | Ca0
48, 00nen. 24 0.555 0-085 84.7 0.9 0-3 0-3 5-1
48, 00nnnn 48 0-555 0.05 91-0 0-9 0.3 0-3 4.1
100..00..... 24 0555 0.075 86-5 0-9 0-3 0.3 5.1
100...c000.e 48 0-555 0-045 91-9 0-9 0:25 0:3 4.1
150...00.0.. 24 0:555 0-07 87+4 0-8 0:25 0-6 7-3
150, .....0. 48 05565 0-045 92-8 0-9 0-3 0-3 8-1
200......... 24 0555 0-05 91-0 0-8 0:25 06 9.3
200......... 48 0.555 0.03 946 0-8 0.25 06 8-1

A gecond series of tests was made with the pulp density and strength
of solution the same as those in the Little Long Lac mill.

Samples were agitated with a pulp density of 1-35,approximately
41 per cent solids. The strength of solution was maintained at 1-5 pounds
of potagsium cyanide and 0-5 pound of lime per ton.

Results:
o Reagents con-
: Assay Titrations g
Agita- ! Extrac-~ ! sumed,
Mesh tion, Au, oz./ton tion, Ib./ton 1b./ton
hours per cent -
Feed ' Tailing KCN I Ca0O KCN | Ca0
24 0- 555 0-085 84.7 1-5 06 0-5 7-1
48 0-555 0-07 87-4 14 0:65 0.5 9-1
24 0+ 556 0-07 87-4 15 1.0 1.1 10-5
48 0555 0-075 86-5 1:3 0:55 1.556 11-3
24 0-555 0-065 88-3 1:8 1:2 1.7 14-3
48 0555 0-05 91:0 1:3 0-55 2:2 15.2
24 0-555 0.07 874 1.3 0:6 2:6 15-2
48 0555 0-05 91-0 1.3 0:5 3.6 185
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MILL RESIDUES

The mill residue as received was sampled and assayed. This showed
the sample submitted to contain 0:075 ounce of gold per ton. A second
sample was cut from the shipment and screened on a 200-mesh sieve.
Assays of the two portions are as follows:—

Weight, Au, oz./ton
per cent

B L1 210 0-03

L 11 79-0 0-08

Samples of the residue as received were cyanided for 6, 12, and 24
hours, 1 : 3 dilution with a 1-0 pound of potassium cyanide per ton solution.
Tive pounds of lime per ton was added to supply protective alkalinity. A
second series was ground 90 per cent —325 mesh and cyanided in the same
manner.

Resulis:
Unground:
P Reagents con-
Assay Titrations
tposs H Extrac- ! sumed,
A%gz:ltr;on, Au, oz./ton tion, 1b./ton Ib./ton
per cent
Feed lTailing KCN l CaO KCN | CaO
Bt 0-075 0-08 [.......... 09 0:35 0-3 4.1
D 0-075 0-06 20-0 0:9 0:35 0.3 4.1
7 P 0-075 0065 13:3 09 0:35 0:3 4.1
Keground, 90 per cent —326 mesh:
LN 0:075 0-065 13-3 0-9 045 |.ovvveinidiviinninn
12, i iiiiiiiniininnes 0-075 0.07 9.3 09 L1 S R N
D S 0-075 0-06 20-0 0-9 0-3 0-3 4.1

SUMMARY AND CONCLUSIONS

Cyanidation of amalgamated blanket concentrate, both unground and
regi-lound, produces & higher tailing losgs after 72 hours’ agitation than after
48 hours.

The need of fine grinding is indicated on both the blanket concentrate
and blanket tailing with an agitation period on the blanket tailing of
between 24 and 48 hours.

A good extraction of the gold in the blanket concentrate can be
obtained by roasting followed by cyanidation.

Cyanidation of the raw ore yields a higher recovery when & more
dilute pulp is used in the agitators than that at present employed. A
strength of cyanide solution of about 1-0 pound of potassium cyanide per
ton of solution and just sufficient lime to give satisfactory thickener opera-
tion is also indicated.
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Analysis of the mill tailing shows that the —200-mesh portion con-
taing 0-08 ounce of gold per ton, while the +200-mesh part carries 0-03
ounce, 90-9 per cent of the gold in the mill residue is contained in the
—200-mesh portion.

Cyanidation of the mill residue reduces it by about 0-015 ounce per ton.

The highest recovery obtained in these tests was by straight cyanid-
ation. The grind should be approximately —200 mesh. Classifiers should
be adjusted to lock the sulphides in the grinding circuit until they are
very finely ground before passing to the agitators.




132

Ore Dressing and Metallurgical Investigation No. 624

GOLD ORE FROM THE WAYSIDE CONSOLIDATED GOLD MINES, LIMITED,
BRIDGE RIVER DISTRICT, B.C.

Shipment. A shipment comprising one sack of gold ore, weight 60
pounds, was received on March 27, 1935, from the Wayside Consolidated
Gold Mines, Limited. The sample was submitted by P. H. Ritchie,
Managing Director, 475 Howe Street, Vancouver, B.C.

Characteristics of the Ore. A microscopic examination of polished
sections showed that small amounts of pyrite and arsenopyrite are present
as medium to fine grains and crystals. They contain rare tiny grains of
galena (?) and chalcopyrite, the latter of which also occurs in the gangue
as very small rare grains. No native gold was seen in the sections. The
gangue is extraordinarily complex and appears to be composed of grey
impure quartz mottled with small patches of white feldspathic (?) material
which may be considerably altered, green chloritic rock, and a considerable
amount of light pink carbonate which occurs in the above constituents as
stringers, small masses, and disseminated grains.

Sampling and Assaying. The shipment was crushed and sampled by
standard methods and a feed sample cut out which assayed as follows:

(1) 1 044 oz./ton
1S P 0-11
7S ey 0-13 per cent

ExperiMENTAL TESTS

In December 1933 two sample shipments of ore were received from
the Wayside property and a report of experimental tests was made under
date of January 9, 1934. Reference will be made to this earlier work in
this report.

The scope of the work on the present shipment of ore covered the
following points:

1. Straight cyanidation of the ore.

Density of pulp for agitation.

Strength of cyanide solution.

Consumption of cyanide.

Alkalinity of solutions.

Approximate consumption of lime per ton of ore.
Cyanidation without lime.

Blanket concentration and effect of aeration of the pulp prior to
cyanidation.

N> o W
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9. Association of the gold in the tailing after cyanidation.
10. Settling tests on the pulps for cyanidation.
11. Blanket concentration and flotation concentration.
12. Cyanidation of flotation concentrate.

CYANIDATION

The following are straight cyanidation tests in which different pulp
densities were used. In each test the initial cyanide strength was equi-
valent to 1 pound of potassium cyanide per ton of solution; 5 pounds of
lime per ton of ore was added to each charge at the start of the tests, and
additions were added during the tests to maintain an alkalinity in terms
of lime of at least 0:2 pound of lime per ton of solution.

The tests were conducted in Winchester bottles and agitation was for
a period of 24 hours. The ore was ground to —48 mesh.

The results of the tests are as follows:

Reagents consumed
Assay, Au, oz./ton !
Test Pulp » Au, oz./ Extraction, 1b./ton
No. dilution per cent
Feed Tailing KCN Ca0
) N 11 0-44 0-045 897 0-50 4.80
2N 1.5:1 0-44 0-045 89.7 0:60 4:70
2 2 2:1 0-44 0.05 88.7 0-40 4-50
4 3:1 0-44 0-06 88.7 0:30 4.10

_ The following three tests were carried out on finer grinds and at dilu-
tion ratiosof 3 : 1. The time of agitation was 24 hours and the initial
strength of cyanide solution was the same as for the previous tests.

Reagents consumed

Assay, Au, oz,/ton !
'{\T‘est Ore size » o/ Extraction, 1b./ton
o.

TFeed Tailing | Pereemt | gon Ca0
s T —100 mesh 0-44 0.045 89.7 0:15 6:10
[ ~150 mesh 0.44 0-05 88.7 0:10 6-10
P ~200 mesh 0-44 0-035 92-1 066 8:95

Tests carried out on the 1933 shipment indicated that fine grinding
was not essential for good gold recovery. In view of this, cyanidation
tests were carried out on —48-mesh ore. Several tests, however, were
made on ore ground to —100, 150, and 200 mesh and the results of the
tests on this present ore shipment indicate that the extraction of gold
was slightly higher in the case of the —200-mesh ore.
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In connexion with the fineness of grinding, it was immediately observed
that the pulp settled and filtered very slowly. Further reference will be
made to this condition later in the report. (Ses Settling Tests).

From cyanidation tests carried out at different pulp densities, the
results showed little variation in the gold extraction.

_The consumption of cyanide is around 0-5 pound of potassium cyanide
equivalent per ton of ore and the strength of solution 1 pound per ton.

The consumption of lime was from 4-5 to 8-0 pounds per ton of ore
depending on the fineness of the ore in the pulp. The pulp itself is dis-
tinctly alkaline, indicating the presence of a water soluble alkaline mineral
in the ore.

Cyanide Tests Without Lime. In view of the fact that the ore is alka~
line in a water pulp, the following cyanidation tests were run without any
additions of lime during agitation. Lime was only added at the end to
increase settling during filération of the pulp.

The tests were carried out at dilution ratios of 3 : 1 with initial cyanide
strength of 1 pound of potassium cyanide per ton of solution.

Reagents
: Assay, Au, oz./ton
Test Agitation, S(l)%e yi Au, o/ Extraction, c()lrlx)st}xtx(x)gd,
No. hours o . per cent .
e Feed Tailing KCN
- J 24 ~100 mesh 044 0.04 90-91 1.83
Dureeiiiiiiiiinen, 48 ~100 mesh 0-44 0-04 90-91 243
) 24 —200 mesh 0-44 0-04 90-91 1.83

BLANKET CONCENTRATION AND CYANIDATION

Test No. 11

In this test a sample of ore (1,000 grammes) was ground wet for 10
minutes and the pulp fed to a corduroy blanket.

The blanket tailing was aerated in a Denver super-agitator for 1 hour
before filtering. Aeration of the pulp appreciably increased the speed of
filtration.

Samples of the filtered pulp were cyanided for 24- and 48-hour periods.

Blanket Concentration:

Weight, Assay Distribu- | Ratio of

Product tion of gold,| concen-
per cenb Au, 0z./ton | PCT cent tration

T 100-00 f..oooiien.e. 100-00
Coneentrate. .....ovviieiiiiiiiiiiiiiiiiiannn 6-57 4.16 6923 15.22:1

Tailing..vieriiiiiin i e 03-43 0-13 30-77
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Screen Test of Blanket Tailing:

Woeight,
Mesh per cent

vevernees 148
veee 445
cees 1448

Cyanidation of Blanket Tailing:

Initial eyanide strength equivalent to 1 pound of potassium cyanide
per ton of solution, 3 pounds of lime per ton of ore added at beginning of
test.

Assay, Au, Reagents consumed,
Agitation, oz./ton Extraction, 1b./ton Pulp
hours per cent dilution
Teed Tailing KCN CaO
............ 0-13 0.035 73.08 0-30 4.10 3:1
............... 0:13 0.025 80.77 0.30 4-95 3:1
Test No. 12

In this the ore was ground wet for 15 minutes. The remainder of the
test was carried out as for Test No. 11.

Blanket Concentration:

. Distribu- | Ratio of
Weight, | Assay, Au,i,.
' ttion of gold,] eoncen-
Product per cent oz./ton por cont N tration
Feed......ovvuenn. et saaereas s aerearsaas 100-00 {............ 100-00
Concentrate............. Ceerreraeeiraees 4.34 7-40 67-72 23-04:1
Tailing.eorevernsensnens Ceraasseearesans 95.66 0-16 32-28
Screen Test of Blanket Tailing:
Mesh Weight,
per cent
L R ee e es ey 0.3
F200. .. i e ree e e rr e e rears PN 24.3
=200, 0ihiiinenan O . 56-9
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Cyanidation of Blanket Tailing Test No. 12:

Assay, Au, N Reagents consumed
Agitation, oz./ton ’ Eg}:moclgon 1b./ton ! Pulp
hours ergc ob dilution
Teed Tailing | Porce KCN Ca0
b 0-16 0-035 78:13 0-30 4-10 3:1
A 0-16 0-02 8750 1-05 6-10 3:1
Test No. 18

This test was run for the purpose of determining if the gold in the
tailing was associated with the sulphides. A quantity of eyanide tailing
was mixed and conditioned in a soda ash pulp with potassium amyl xanthate
and Aerofloat No. 31 and floated. The results of the test are as follows:

Product Weight, Assay, tig’i?gﬁ

per cent | Au, oz./ton per cont '
L0 TS L T 20-08 0-06 42.98
N s sttt et ettt ie e e ier e at e e e eenees 79-92 0-02 57.02

The test is not conclusive, but there is an indication of enrichment in
the concentrate, which might indicate that the sulphides carry some of the
gold remaining undissolved in the tailing.

SETTLING TESTS

The tests were carried out in a tall glass tube having an inside diameter
of 23 inches. Two series of tests were run, one at a dilution of liquid to
solids of 2 : 1, and the other at a dilution of 3 : 1. In the tests of each
series different amounts of lime were used in order to provide an increas-
ing alkalinity. The concentration of cyanide was the same for each test,
being equivalent to 1 pound of potassium cyanide per ton.

In the first test of the series a sample of ore was ground in an Abbé
pebble jar with the necessary water, lime, and cyanide to give a final 2 : 1
pulp having 2 pounds lime per ton solids and 1 pound of potassium cyanide
per ton of solution.

The pulp was transferred to the glass tube and the level of solids in
decimals of feet read every five minutes. Readings were made for a 2-hour
period. At the end of the test the solution was titrated for cyanide and
alkalinity. In subsequent tests, cyanide was added to bring the cyanide
concentration of the solution to 1 pound of potassium eyanide per ton, and
the lime additions were increased to 4 and 6 pounds per ton respectively.

The results of the tests are recorded in the following tables.
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Series 1

Test A
Ratio of liquid to solid..........oovvvnuns
Lime added per ton of solids. . Ceeiaeenes
Potassium eyanide.............ovue.s e
Alkalinity of solution at end of test. ... .. ves
Overflow solution, cloudy.
Rate of settling, 0-110 foot/hour,

.2
. 2:0
1:0
0-05

1

1b.
1b./ton of solution
1b. CaOQ/ton of solution

Settlement .
. : Cumulative
Time Ofis?g&.‘s settlement
0 hour 5 minubes...ovisirreiinsirreniieneriesrseiesenenenansns ves 0-005 0-005
0 “ 10 “ 0-015 0-020
0 “ 15 «“ 0-005 0-025
0 “ 20 “ 0-015 0-040
0 “ 25 “ 0-010 0-050
0 “ 30 “ 0-010 0-060
0 “ 35 “ 0-010 0-070
0 “ 40 “ 0-010 0-080
0 “ 45 s 0-010 0-090
0 “ 50 “ 0-010 0-100
0 “ 55 “ 0-005 0-106
1 hour 0 “ 0-010 0-116
1« b “ 0-005 0-120
1« 10 “ 0-010 0-130
1 “ 16 “ 0-010 0-140
1 “ 2 “ 0-010 0-150
1 “ 25 “ 0:010 0:160
1 %« 30 «“ 0-005 0-165
1 ¢« 35 “ 0-010 0-175
1 «“ 40 “ 0-005 0.18C
1 “ 45 “ 0-010 0-190
1 “ 50 “ 0-005 0:195
1 ¢« 55 “ 0-010 0205
2 hours 0 “ 0-015 0-220
Ratio of liquid to solid........... PP PPN . 2:1 (38 per cent of dry solids)
Lime added per ton of solids...........oovvnun. 4.01b.
Alkalinity of solution at end of test,........vv... 0-05 1b. CaO/ton of solution.
Overflow solution, cloudy,
Rate of settling, 0182 foot/hour.
Settlement .
. + Cumulative
Time ofi:oflégés settlement
0 hour 6 minutes 0-010 0:010
0 0-000 0-010
0 “ 15 “ 0-015 0-025
0 “ 20 « 0-015 0-040
0 “ 25 “ 0-015 0-055
0 “ 30 « 0-025 0-080
0 “ 35 “ 0-010 0-090
0 “ 40 “ 0-020 0-110
0 “ 45 “ 0020 0-130
0 “ 50 “ 0-020 0-150
0 “ 55 « 0-015 0-165
1 hour 0 “ 0-015 0180
1« L} s 0-010 0-190
1 ¢« 10 “ 0-010 0-200
1 ¢« 15 «“ 0-020 0-220
1 “ 2 “ 0-015 0-235
1 ¢« 25 “ 0025 0-260
1 ¢ 30 “ 0-015 0-275
1 “ 385 “ 0-015 0-290
1 “ 40 “ 0-015 0305
1 “ 45 “ 0-020 0-325
1 “ 50 “ 0-010 0-333
1 “ 55 « 0.020 0-355
2 hours 0 “ 0-010 0-365
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Test C

Ratwofh uid 0 80lid. .. sueerneannisinenrninens 231

Lime added per ton of Solids. ... .... ciereeraens 6:01b,

Alkalm]t;v of solution at end of test.............. 0:375 1b. CaO/ton of solution

Overflow solution, clear.

Rate of settling, 0-310 foot/hour,

Settlement | :
. s umulative
Time ogns?égis gottlement

0 hour 5 minutes, 0-010 0-010
0 “ 10 « 0-010 0:020
0 “ 15 «“ 0-005 0:025
0 “ 20 “ 0-015 0:040
0 “ 25 « 0-040 0-080
0 “ 30 « 0-030 0-110
0 “ 35 « 0-025 0-1356
0 “ 40 “« 0.035 0:170
0 “ 45 « 0-030 0:200
0 “ 50 « 0-040 0240
0 “ &b « 0.045 0-285
1 ¢« 0 « 0-035 0-320
1 0« ] « 0.040 0360
1 ¢« 10- « 0-030 0-390
1 ¢« 15 « 0-035 0-425
1 “ 20 « 0.035 0-460
1 ¢« 25 « 0-030 0-490
1 “ 30 “« 0-020 0-510
1 “ 35 « 0-025 0.535
1 “ 40 « 0-025 0560
1 “ 45 « 0-015 0:575
1 “ 50 « 0-015 0-590
Lot o6 | o8
2 hours . .

The pulp from the tests, Series 1, was filtered and dried and a screen

test on the solids gave the following sizes:

Weight,
+0:/[°Sh per cent
L0, 31
+150......... 12.3
4200, 000iiiiinnnnn, Feserrassesrsesrereteicsttseanans 250

100-0

The tests of this series indicate that the best rate of settling along with

a clear overflow solution is obtained with a pulp having an alkalinity in
terms of lime of around 0-37 pound of lime per ton of solution.

Series 2
The tests of this series were started as in Series 1. The ratio of liquid

to solid was 3 : 1. The grinding size was finer than the previous tests.

A screen test on the whole was as follows:

Weight,

Mesh per cent
+100....00iuuss 0-5
50. 1.7
.. . 10:5
-200....... T N Chererirresaases 87-3

100-0



Ratio of liquid to solid.............. O R |

Lime added per ton of solids..... Ceerreneerenenaes 2:01b
Potassium cyanide

................................ 1:0 1b. CaO/ton of solution.
Alkalinity of solution at end of test................ Nil
Qverflow solution, cloudy.

Rate of settling, 0-100 foot/hour,

Settlement .
. s Cumulative
Time oifns(f)éﬁs gettlement
0 hour 5 minutes........cooeeuueess eeeaeraees e ereee e renssas 0.005 0-005
0 “ 10 “ 0:010 0-015
0 “ 15 “ 0-005 0-020
0 “ 20 « 0:010 0-030
0 “ 25 “ 0-010 0.040
0 “ 30 “ 0-005 0-045
0 “ 35 “ 0-010 0-055
0 “ 40 “ 0-010 0-065
0 “ 45 “ 0:005 0-070
0 “ 50 “ 0-010 0-080
0 “ 55 “ 0-010 0-080
1 0« 0 “ 0:005 0-095
1 0« 5 “ 0:010 0-105
1 ¢ 10 “ 0-010 0-115
1 “ 15 o 0010 0.125
1 ¢ 2 “ 0:010 0:135
1 “ 25 ¢ 0-005 0-140
1 “ 30 “ 0:010 0-150
1 “ 35 “ 0-010 0-160
1 “ 40 “ 0-005 0-165
1 “ 45 o 0.010 0:175
1 “ 50 « 0:010 0-185
1 “ 55 o 0-005 0-190
2 hours 0 “ 0-010 0-200
Ratio of liquid to solid,........ Cerareens 3:1
Lime added per ton of solids....... Ceereiaeeas 4.0 1b.
Alkalinity of solution at end of test............... vver. 0:051b. CaO/ton of solution.
Overflow solution, cloudy.
Rate of settling, 0-127 foot/hour.
Settlement .
. s Cumulative
Time oifnmf);;%s gettlement
0 hour 5 minutes 0005 0005
0 10 “ 0005 0-010
0 “ 15 o 0-010 0-020
0 “ 20 “ 0-010 0-030
0 “ 25 “ 0.010 0-040
0 “ 30 “ 0.005 0-045
0 “ 36 “ 0-015 0-060
0 “ 40 “ 0:010 0-070
0 “ 45 “ 0-010 0-080
0 “ 50 “ 0-025 0.105
0 “ b5 “ 0:015 0-120
1 0« 0 “ 0:010 0:130
1 0« 5 “ 0-010 0-140
1 ¢ 10 “ 0-010 0150
1 “ 15 “ 0:010 0-160
1 “ 20 “ 0-010 0-170
1 “ 25 “ 0-010 0-180
1 “ 30 “ 0-010 0.190
1 “ 35 “ 0-010 0:200
1 ¢ 40 s 0:010 0.210
1 “ 45 “ 0-010 0.220
1 “ 50 “ 0.010 0-230
1 “ 55 “« 0:010 0-240
2 hours 0 “ 0.015 0-255

23903—10
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Test C
Ratio of liquid $0 8olds........covvvviviiienennnnen 3:1
Lime added per ton of solids........o.0vuu.s e 6:0 1b.
Alkalinity of solution at end of test.v..u.sesrnrrns.. 0+05 b, CaO/ton of solution.

Overflow solution, clear.
Rate of settling, 0:307 foot/hour,

Settlement .
: ¥ Cumulative
Time oifns?é:gs gottlement

0 hour 5 MINUEES ..evvivvnvvnnnreeiiinrserneernesnnss Cererraaes 0:-015 0-015
0 “ 10 “ 0-010 0-025
0 “ 15 “ 0-015 0-040
0 “ 20 “ 0-020 0-060
0 “ 25 “ 0-025 0-085
0 “ 30 « 0-026 0-110
0 “ 3 “ 0:020 0-130
0 “ 40 « 0-020 0-150
0 “ 45 «“ 0-030 0-180
0 “ 50 «“ 0-026 0-205
0 “ 55 « 0-020 0-225
1 “ 0 “ 0-025 0-250
1 “ 5 “ 0-030 0-280
1 “ 10 “ 0.025 0-305
1 “ 15 “ 0-025 0-330
1 ¢« 20 «“ 0-030 0-360
1 ¢« 25 “ 0-085 0-395
1 “ 30 “ 0-085 0-430
1 ¢« 3 “ 0.030 0-460
1 “ 4 “« 0-040 0-500
1 “ 45 “ 0-035 0+536
1 “ 50 « 0-040 0-575
1 “ 55 « 0-025 0-600
2 hours 0 “ 0-015 0-615

Test D

In this test 8 pounds of lime per ton of solids was added to the pulp.
The rate of settling was slowed up very appreciably, the total settlement
for two hours being only 0-085 feet. It would appear from the results of
this test that excess lime will retard the rate of settling.

Test

The test was repeated on a fresh sample of cre, the lime, 8 pounds
This made a marked
difference. The pulp settled quickly leaving a clear liquid above the line

per ton, and the cyanide being ground with the ore.

of settlement.



141

The results of this test are given in the following table.

Rate of 8obtling. ...cvvvverinrn v iiiiiniiinininnnns 0277 foot/hour.
Alkalinity of solution at end of test.......oovveveers. 0:20 1b. CaO/ton of solution.
Settlement .
. s Cumulative

Time oifns?elgs settlement
0 hour 5 minutes .........c00venees et e 0.-016 0-015
0 “ 10 “ 0-020 0-036
0 ‘: 15 ‘: 0-030 0:065
0 “ 2 ¢ 0-030 0-095
0 “ 25 “ 0-025 0120
0 “ 30 “ 0-035 0:1565
0 “ 35 “ 0-020 0-175
0 “ 40 “ 0-030 0-205
0 “ 45 « 0-025 0-230
0 “ B0 “ 0.025 0-255
0 “ b5 “ 0-025 0-280
1 “ 0 “ 0025 0305
1 “ 5 “ 0-020 0-326
1 “ 10 “ 0-020 0-346
1 “ 15 “ 0-025 0-370
1 “ 20 «“ 0:020 0-390
1 “ 25 “ 0-020 0-410
1 “ 30 “ 0-020 0-430
1 “ 35 “ 0-025 0-455
1 ¢« 49 “ 0-020 0-475
1 “ 45 “ 0-020 0-495
1 “ 50 “ 0-020 0-515
1 “ 55 “ 0-020 0-535
2 hours 0 “ 0-020 0-555

The results of these settling tests indicate a very slow rate of settle-
ment. The fastest rate was on the coarsely ground ore, which showed 3
maximum of 0-3 foot per hour. On finer ground ore and under the most
favourable conditions the rate was also 0-3 foot per hour. Attention,
however, is drawn to the fact that if the ideal condition is not maintained, the
settling rate indicated is on the average only 0-15 foot per hour. Taking
the maximum rate, 21 square feet of thickener area would be required per
ton of ore treated per 24 hours, and with the average condition, 45 or more
square feet would be required.

This is a very large area in comparison w11;h that required for the
average gold ore. Most cyanide mills require 4 to 5 square feet per ton
on siliceous ore and up to 10 square feet per ton on ores containing high
alumina,

In addition to the above condition, attention is drawn to a filtration
problem which undoubtedly presents greater difficulties than would be met
with in thickening.

The colloidal slime present in the pulp, due probably to the presence
of altered feldspar, would require three to four times the filter area usually
required on the average gold ore.

BLANKET CONCENTRATION AND FLOTATION

On account of the difficulties encountered in the straight cyanidation
of the ore, due to the presence of colloidal slime, which hindered both
settlement and filtration, a series of tests using a combination of flotation
and blanket concentration was made. The details of these tests follow:

23003—103
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Test No. 14

In this test a sample of —48-mesh ore was fed to a corduroy blanket.
The blanket concentrate was barrel-amalgamated with mercury and the
blanket tailing was floated. The amalgamation tailing and the flotation
concentrate were combined and cyanided.

The results of the test are as follows:

Blanket Concentration:

N Distribu- Ratio of
Weight Assay, +
Product ! tion of gold,| concen-
per cent Ay, oz./ton per cont k tration
T 100-00 0.44 100-00 42.92:1
COonCEntIAte. .. vvvvivrrrrreerrneaneronnenss 233 10-71 5671
BLE:5 11 N 97.67 0.195 43.29

The blanket concentrate was barrel-amalgamated for 1 hour.

Flotation of Blanket Tailing:

Reagents Added:

Soda ash
Potassium amyl xanthate....
Aerofloat No. 31

.............

...........................................................

“«

0:07

1-51b./ton
0-3 «

Pine oil 0-025 «
: Distribu- Radtio of
Weight, Assay, |
Product tion of gold concen-
per cent | Au, oz./ton per cent ' tration
T 100:00 0-195 10000
Coneontrate. c.vvevverriiiineeerieerinerrnens 3-43 4.84 85.14 29:24 :1
L5 1T 96+57 0-03 14-86

The combined amalgamation tailing and the flotation concentrate
were cyanided in a solution having a strength equivalent to 3 pounds of

potassium cyanide per ton.
agitation was 24 hours.

The pulp dilution ratio was 3 : 1.

Time of

The cyanide tailing assayed 0-35 ounce of gold per ton with a reagent
consumption of 2-70 pounds of potassium cyanide per ton and 3-50 pounds

of lime per ton.

The calculated assay on the combined blanket and flotation concen-
trates was 7-78 ounces of gold per ton.

The recovery by amalgamation and cyanidation was 95-5 per cent.

Screen Test Blanket Tailing:

Weight,
+65Mcsh n 011,40 Znt
100, gy
£ N eereieias 15-2
200t ot e e e e e e aerranae e 13.7
LTS P 29.8

1000
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Summary of Results:

Gold recovered in blanket concentrate............cccevevviin. 5671 per cent
“ « “ flotation concentrate 85-14 per cent of 4329
per cent........ Aansasansannasas 36-86 “
Total gold recovered by blankets and flotation,,... [P PRTTUTN 9357 “
Overall gold recovery, 95-5 per cent of 9357 per cent,.......... 89-36 per cent
Test No. 16

This test was carried out on a finer ground ore in a similar manner to
Test No. 14.

The results of the test follow:

Blanket Concentration:

. Distribu- | Ratio of
Weight Assay, |,
Product 4 ' |tion of gold,| concen-
per cent | Au, oz./ton per cenb tration
Feed. ... iiiiiiiii ittt 100-00 0.44 100-00
Concentrate................ 202 11.11 51-01 49-5:1
Taiting....ovvrvervsreiarrannnnnnns R 97.98 0-22 48-99

The blanket concentrate was barrel-amalgamated for 1 hour.

Flotation of Blanket Tailing:

Reagents Added:
008 B8 . it e i e 1-6 1b./ton
Potagsium amyl xanthate...........covviieiiieiaiiinnneinrnrina,. 0-3 “
Aerofloat No. 8L..e.vseiniiiiiinriii e iiiernineriiereiaeranes 0-07 “
Pine oil............ Y 0-025 «
. Distribu- | Ratio of
Product Weight, Assay, tion of gold,| econcen-
per cent | Au, oz./ton por cent tration
Feed....... et e aeeeeas 100-00 0-22 100-00
Coneentrate. ...oevrrrerirenrrinrirriiieinnes 3.21 5-80 846 31-16:1
Toiling. e s et ie s vriiarcieronnernronnsroennrns 9679 0-035 15-4

Cyanidation of Flotation Concentrate:

The combined amalgamation tailing and flotation concentrate was
cyanided under conditions similar to the previous test.

The cyanide tailing assayed 0-41 ounce of gold per ton, and the reagent
consumption was 1-20 pounds of potassium cyanide and 4-10 pounds of
lime per ton of ore respectively.

The calculated assay on the combined blanket and flotation concen-
trates was 8-40 ounces of gold per ton. The gold recovery by amalgama-
tion and cyanidation was 95-12 per cent.
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Screen Test of Blanket Tailing:

Woeight,

Mesh per cent
-+100..... FPORRE § 5 §
160 i v e ireererees ey . 17.8
200, ......... RN e ettt e aeaaas . 21-9
—200...... e, cevene. 402
1000

Summary of Results, Test No. 15:
Gold 1eco‘vered in blanket concentmte 51-01 per cent

41.45 “
Totul gold recovered by blanket and flotation................. 0246 “«
Overall recovery of gold, 9512 per cent of 92-46 per cent........ 87-95 “

Test No. 16

This was a further test on blanket concentration and flotation of the
ore. A sample of ore was ground wet in an Abbé mill for 17 minutes and
the pulp passed over a corduroy blanket. TFree gold was observed in the
blanket concentrate. The blanket tailing was dewatered and transferred
to a flotation cell and conditioned with the following reagents:

S T o R RO 0-025 1b./ton
Barrett No. 4............... 0-176 “
Potassinm amyl XBIERREE. + oo . “

The results of the tests are as follows:

Blanket Concentration:

. Distribu- | Ratio of
Weight Assay. .

Product per cent Auy, oz. /t’on t’%‘élf’ig?éd' ﬁ.’;&%‘;
Feed...oovviriininninnvans e 100-00 0-44 100-00
Concentrate. ........ evees e Creenaes ves 261 979 0362 38:31:1
Tmhng 97-39 0-15 36-38
Flotation of Blanket Tailing:

: Distribu- | Ratio of
Weight, Assay : -

Product per cent | Au, oz./{’;on tm}::;fc‘g};;)éd, z?;‘fg;
Feedo.ovoviineineninnenn, 100-00 0-15 100-00
Concentrate. . cee 3.22 4.04 8176 3106 :1
Tailing,..ooovvieivnnrorines 96-78 0-03 18-25
Screen Tests:

Blanket T'ailing: Flotation Tailing:
Mesh Weight, Mesh Weight,
per cent
1117 N Cerrenn. . 06 1 TR,
100, e e 4.3 4100, ..o,
160, e 10-5 150, iiiien e
--200........ Ceveeaees N 222 4200, .00,
-200........ e retireerneens 62-4 =200, it .
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Filtration of the flotation concentrate was slow.

Gold recovered in blanket concentrate. .. ....ovvevrierireennss 6362 per cent

Gold recovered in flotation concentrate, 81:75 per cent of 36:38  29.74 “

Overall gold recovery in concentrate.........covevnveeriesieenss 93-36 “
Test No. 17

In this test the ore was ground wet, as in Test No. 16, with 0-176
pound of Barrett No. 4 per ton and floated first. The following reagents
were added to the pulp in the cell and conditioned.

Potassium amyl xanthate...........ovieiiiiivrieneriirecersnnnn.. 0:2 1b./ton
Cresylic 8CIA . .o vvrvvie e sien et n e, 0.35 ¢

The flotation tailing was then passed over a corduroy blanket and the
concentrate containing visible grains of gold was further cleaned by panning.

A small amount of zine sulphide added to the flotation concentrate as
a coagulant, decreased slightly the time of filtration.

The results of the tests follow:

Flotation:
s Distribu- | Ratio of
Weight Asgay .
Product , » _|tion of gold,| concen-
per cent | Au, oz./ton per cent | tration
7Y 100-00 0-44 100-0
ConeontIate. . v vvivererrrriereerioesionenaanes 308 12-40 86-8 32.47 : 1
B 11V RN 96-92 0-06 13-2

Blanket Concentration of Flotation Tailing:

. Distribu- | Ratio of
Weight, Assay, )
Product per cent | Au, oz./ton tlo;e?icg,r?éd, %g:&?r;
100-00 |............ 100-00
008 109-60 74-52 12-50 : 1
9992 0-03 25:48
Gold recovered in flotation concentrate..........oovvueesniinn, 868 per cent
“ “ “ blanket concentrate, 74-52 per cent of
13:2percent...coo uveeninriireiiiiineninninoiieacnssnens 984 It
Overall gold recovery in concentrato. ......c.ovevereeereersssns 96-64 “

The results of Test No. 17 indicate that primary flotation followed by
blanket concentration of the flotation tailing may result in a higher overall
recovery of the gold, inasmuch as the results of Tests Nos. 14 and 15 show
that 95-5 per cent of the gold in the blanket and flotation concentrate can
be extracted by cyanidation. Therefore, using this figure, Test No. 17
indicates a 92-3 per cent overall recovery of the gold, if the flotation con-
centrate is cyanided.
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CONCLUSIONS

A summary of results of the experimental work as outlined in the
early part of this report is as follows:

1. The ore will cyanide, the extractions shown ranging from 89 per
cent when the ore is ground to pass 48-mesh to 92 per cent when ground
all to pass 200-mesh.

2. The strength of cyanide solution for raw ore is one pound of
potassium cyanide per ton, and 3 pounds of potassium cyanide per ton of
solution for concentrates.

3. The consumption of cyanide varies with the grinding size of the
ore and the ratio of pulp dilution. Consumption is greater on —200-mesh
ore than —100-mesh and less in a 3 : 1 dilution than a 1 : 1. The cyanide
consumption ranges from 0-10 to 0:-66 pound of potassium cyanide per
ton of ore. Tests carried out on raw ore without additions of lime indi-
cated a slightly improved extraction of gold, but an increase in ecyanide
consumption to almost 2 pounds of potassium eyanide per ton.

4. A water pulp of the ore is alkaline.

5. The approximate consumption of lime per ton of ore ranges from
6 to 8 pounds.

6. The pulp density for cyanide agitation does not appear to be an
important factor, a pulp dilution of 3 : 1 being quite satisfactory.

7. Settling tests indicated that the pulp settles slowly. Additions of
lime up to 6 pounds per ton of ore increased the settling rate, while amounts
in excess of 6 pounds per ton had a retarding influence.

8. Aeration of the pulp prior to cyanidation does not materially
affect the settling rate, or the recovery.

9. Removal of free gold by blankets, or tables, and flotation either
preceding or following the blankets, offers decided advantages in the
treatment of this ore.

10. Tine grinding of the ore is not necessary and will increase the
amount of slime. Grinding to a size at which 60 per cent will pass a 200-
mesh sereen should be satisfactory for flotation and blanket concentration.

The results of the test work conducted on the sample of ore submitted
indicate that direct cyanidation of the ore in plant operation will present
difficulties in settling and filtration. The feldspathic constituents of the
gangue tend to the formation of slime which filters very slowly.

Concentration of the ore by flotation and blankets, with treatment of
the concentrates by barrel amalgamation and cyanidation, offers a method
of treatment which overcomes largely the difficulties of settling and
filtration.

In this connexion attention is directed to Test No. 17, the results
of which indicate that blanket concentration of the flotation tailing gives.
higher recoveries than when blankets are used preceding flotation. In
order to obtain these results in practice, it would be necessary to use a.
unit flotation cell placed between the ball mill and classifier to treat the.
discharge of the ball mill. Such a unit would have to be protected from
tramp oversize discharging from the mill.

The overall recovery indicated by this method is 92+3 per cent (Refer~
ence Test No. 17).
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Ore Dressing and Metallurgical Investigation No. 625

COPFER ORE FROM THE EUSTIS MINE, CONSOLIDATED COPPER AND
SULPHUR COMPANY, EUSTIS, QUEBEC

Shipment. A shipment, containing 46,000 pounds of copper ore, was
received on January 10, 1935, from the Consolidated Copper & Sulphur
Company, Eustis mine, Fustis, Quebec. The arrangements for the ship-
ment and experimental tests were made by F. W. Snow, manager of the
Fustis mine.

Sampling and Analysis. The whole shipment was erushed and sampled
in an automatic Vezin sampler, and the sample was found to contain:—

L8703 ) O P 390 per cent
8 PR 34.80 «
1S 110 9) £ 37.50  «
B4 1101 L A S 0.08 ¢

Characteristics of the Ore. Samples were taken from the shipment and
six polished sections were prepared and examined microscopically.

The gangue is greenish grey, fine-textured chloritic schist in which a
considerable amount of very finely divided carbonate ocecurs,

The metallic minerals are chiefly pyrite and chalcopyrite. A small
amount of sphalerite and a trace of galena are present. Very rare tiny
grains of an unidentified mineral (which is possibly a lead mineral) gave
the following tests:—

Colour: Light grey.
Hardness: Soft, about B,
Crossed nicols: Moderately anisotropic.
Etch tests: HNO3z — instantly blackens.
HCIl — slowly tarnishes differentially grey.
FeCls — tarnishes differentially grey to iridescent.

KO — negative to slowly differentially brown to iridescent.
KCN, HgCl: — negative.

Pyrite ocecurs as fine-textured, rather dense masses, which contain
small grains of chalcopyrite. In some places it forms coarsely granular
masses with a ramifying network of veinlets of chalcopyrite. The chalco-
pyrite of this mode of occurrence, which accounts for its greater part, is
comparatively coarse, but a minor amount which occurs as small graing in
pyrite is quite fine (below 200 mesh).

Sphalerite is present as small magses and grains in chalcopyrite. It
contains very rare tiny grains of galena. Galena also occurs as rare small
grains in chaleopyrite.

The unidentified hght grey mineral occurs as very rare tiny ragged
plates and irregular grains in chalcopyrite.

Purpose of Investigation. The present mill treats 250 tons of ore per
24 hours and produces a copper concentrate and an iron concentrate by
selective flotation.
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The ore is crushed to one inch in a jaw crusher and a 4-foot Symonds
cone. The cone discharge is further ground in two 5 by 6 foot Kennedy
ball mills, in closed circuit with one 6-by 30-foot Dorr Duplex, Model D
clagsifier. ILime, 2-0 to 2:5 pounds, and Aero brand cyanide, 0-40 pound,
are added to the grinding circuit. The ball mill density is maintained at
85 per cent of solids.

The classifier overflow, containing 30 per cent of solids, and having a
fineness of 66 to 70 per cent — 200 mesh, passes to a rectangular aerator,
6 by 6 by 12 feet deep, where 0-17 pound of amyl xanthate is added, and
the pulpis given 15 minutes aeration by blowing air at high pressure through
several submerged hose. The secondary rougher copper concentrate and
the copper cleaner tailing are pumped back to the aerator.

The aerated pulp (now containing 24 per cent of solids owing to the
middling return dilution) flows by gravity into the copper rougher circuit.
This circuit consists of two 12-foot Callow primary roughers, the concen-
trate from which passes to one 12-foot Callow cleaner; and four 18-foot
Callow secondary roughers, the concentrate from which is returned to the
aerator together with cleaner tailing.

The secondary copper rougher failing is conditioned in a 15-foot
Forrester cell with 3:64 pounds of soda ash, 0-34 pound of Z-8, 0-90
pound of copper sulphate, and 0-50 of sodium sulphide per ton; after which
the pyrite is floated in four 18-foot Callow cells. Two cells produce a
finished pyrite concentrate, and the remaining two cells produce a middling
which is returned to the Forrester conditioner.

The mill results have been very erratic with the present method of
selective flotation. The grade of the copper concentrate hasaveraged
between 22 and 24 per cent of copper, and the copper tailing between 0-2
and 0-4 per cent of copper. The iron concentrate at times contains as
high as 1 per cent of copper, and varies between this figure and 0-3 per cent.
The sulphur content of the iron concentrate averages about 50 per cent.

During the past year the company retained Booth-Thompson and
Company of Salt Lake City to investigate the possibility of reducing the
cost of treatment.

The results obtained by this investigation were encouraging and in-
dicated that a substantial saving in the cost of reagents could be made by
employing a bulk flotation scheme in place of the present system of selective
flotation.

ExpERIMENTAL TrsTs

A summary of the Booth-Thompson investigation indicated the
following results:—

Combined Average Results of Tests No. 11, 13, 18, and 22:

Woish Assay Distribution, per cent
Product eight,
per cent Cu Te,
per cént per cent Cu Te

Cleaner Copper.....o.vvvvrvenenans 14-65 27-57 32.08 96-79 16-2
Iron product.........oocevvunnnn. 5410 0-21 44.05 2-69 80-0
Talling..oveeriiviiiinniiieennns 31.25 0-069 3.67 0.52 3-8
Feed.ooooiieiiiiiiiiiiinnnn, 10000 4.17 29.80 100-00 100-0
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The method employed to obtain the above results was as follows:—

An average portion of the material was ground in a ball mill to 65
mesh (72 per ecent —200 mesh), air-conditioned 15 minutes with 0-15 pound
of Z-8 and 1 pound of sodium silicate and treated in an “Agitair”’ flotation
machine (6 minutes) using 0-15 pound of S. D. pine oil per ton, then air-
conditioned 2 minutes with 0-05 pound of Z-8 and 1 pound of sodium
silicate and continued floating for 3 minutes, using 0-05 pound of S. D.
pine oil per ton, producing the copper-iron concentrate and final tailing.
Density 3 : 1.

The copper-iron concentrate was air-conditioned 5 minutes with 6
pounds of lime, 0-6 pound of Aero brand cyanide and 0-05 pound of Z-5
per ton and treated by roughing and cleaning in an ‘“Agitair” flotation
machine, producing a cleaner copper concentrate and a tailing iron product.

The following is a summary of the reagents used and their quantities:—

Sodium BlHEate, . . .vvrrviriir it i e 20 1b./ton of ore
Butyl xanthate Z-8..u.vv.eveeiiiienireerioiereinessacarsnconss 0.2 « «
55 ¥ 1T Yo 1 0.2 « «
7 'Y TP 6.0 ¢« o«
Aero brand eyanide......covueeiieiiiiniiiiiiiiiiiiieiiiiiii, 0.05 « ¢«
Amylxanthate Z-B.......coveeevieiiiiniiiniiieriiiiininena, 0:-05 “ «

The American Cyanamid Company was asked to check the results
obtained by the Booth-Thompson Company.

These results, while still encouraging, did not indicate as high recoveries
as were ohtained by Booth~-Thompson and Company, as can be seen from
the following table which gives an average result.

Weiht Asgay Distribution,
eight, per cen
Product per cent Cu, Fe, Insoluble,

per cent | per cent | per cent Cu Te Ingoluble
Copper concentrate.... 16.74 26-00 32-00 1-10 95-38 18-77 0.70
Iron concentrate....... 48-86 0-20 4385 4-70 2:13 7393 875
Tailing.......ovvuuees 34-40 0-33 6-15 69.22 2-49 7-30 90-55
Peed.overrninvenennn, 10000 4.56 28-98 26-29 100-00 100-00 100.00

On the whole the results of the laboratory tests indicated the possi-
bility of a substantial saving in the cost of reagents and operation.

The staff of the Ore Dressing and Metallurgical Laboratories was,
therefore, required to check the results obtained by large-scale continuous
tests.

Continuous Tests

The ore was crushed to % inch and fed by an automatic feeder to a
small ball mill in closed circuit with a standard Dorr classifier. The feed
rate in all tests was 500 pounds of ore per hour.
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Flow-sheet: Runs Nos. 1 to 4 Inclusive

In this run a cylindrical tank equipped with air pipes was used for
air-conditioning the pulp before flotation. The tank was placed so that
the circulating load was air-conditioned, that is, the ball mill discharged
into the tank and the tank overflowed into the classifier. The approx-
imate length of time in the conditioning tank was 8 minutes.

The overflow of the classifier went to a surge tank where reagents as
shown before were added. The surge tank discharged to a 10-cell mech-
anical flotation unit where the bulk float of copper and iron was made.

The bulk concentrate went to a pump which discharged into a second
surge tank feeding a second 10-cell flotation machine where the copper
separation was made. The tailing from this machine was the iron con-
centrate.

Reagents were added to both the pump and surge tank as shown
below.

In making the bulk concentrate the first five cells produced finished
concentrate, and the last five eells, rougher concentrate which was returned
with the feed to the machine.

In making the copper separation the feed was brought into cell No. 2,
The concentrate from cells No. 2 and No. 8 was recleaned in cell No. 1 which
produced final copper concentrate. Cells Nos. 4 to 10 produced a rougher
concentrate which was returned with the feed to cell No. 2.

This flow-sheet was used in Runs Nos. 1 to 4 inclusive.

Run No. 1

Reagents to Circuit No. 1—Bulk Flotation:
To Ball Mill Discharge:

Sodium SIHEREE. . <+ vt iiir i i i it i i 1.0 lb./ton

Reagent No. 801, 0t i e eineiierensieirneereensesanesevisnsenns 0.15
To Classifier Overflow:

Sodimm BIHCAEE. . vttt ir it e e e i e e 1.0 Ib./ton
To Surge Tank:

S0 T3 1 S N 0-06 1b./ton

Reagent N0, 801, ..ounsiiisenneiiniiiienrnirtoneneecinernecnneins 0-16 «
To Cell No. 7:

Reagent N0, 301, ... 0.iiiiiiin it niianiiiniiiraieriaeriecnnions 0-05 1b./ton

Reagents to Circuit No. 2—Copper-iron Separation:
To Discharge of Bulk Concentrate from Circuit No. 1:

£ 500 Y et eaararnnneanes 8.0 1b./ton
L0011 L S N 010 ¢
PINO 0L, e s i st irinetrin i eaesenrri it iieaerterr s ieansrenns 0:02 «
To Surge Tank No. &:
Potassium amyl xanthate, . .coo.viviiniiiiiiiiniieneriienenenenns 0:05 1b./ton
Classifier overflow,......ooiiviiiiiiiiiiiiiiii i i cinaes 33 to 37 per cent solids.

Screen Test:

...............................................................

~100-150. . .
—~150--200.. ... .00
20004 e vr e,
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Assay Cu, per cent| Fe, per cent | S, per cent
Classifier overflow.......ovvvvveriernninirrereennsonnensss 4.40 33.02 36-05
Bulk concentrate............... e e, . 8:20 39-40 43-25
Bulk tailing....ovovvrenerrivrvrneeriereniienaees 0.38 18-70 17.85
Copper coneentrate.......veveveren.s v reeeraenes .. 28.42 31-24 35.25
Iron concentrate.............. P BN 0-36 40-39 44.65
Run No. 2
Reagents to Circuit No. 1—Bulk Flotation:
To Ball Mill:
[ 10s TN N 2:9 1b./ton
To Surge Tank:
Reagent N0, 801, ....ovvrriiueerurorrnenrerrasrosesoncinernsonies 0-10 1b./ton
Pine oil.sveeersvivrrinnnernanan, rereeeraaa. e 0-06 «
To Cell No. 6 Reagent No 301 0-08 1b./ton
To Cell No. 0-08 ¢
To Cell No. 9' “« oo« 0-05
Reagents to Circuit No. 2—Copper-iron Separation:
To Discharge of Bulk Concentrate from Circuit No, 1:
7 ' V- Y 8. 0 lb /ton
Cyanide....o.ovvvreenieennrnnenns .. 0.1
Pine oil.eeuvnvinnrunnenins Nll
To Surge Tank No. 2'
Potassium amyl xanthate,, TSI verr. 0-05 1b./ton
Classifier overflow.. L 9 o 33 per cent solids
Screen Test: Weight,
per cent
B e TN I 0-8
— 06-+100.......00vuneiinins TR T 3-4
Bl 1 1 5.2
180200, 4 oo e e e e e e 15-7
—200.....00000u0s e e e 74.9
100-0
Assay Cu, per cent|IFe, per cent{ S, per cent
Classifier overflow,.......vvivnierinverrnennneersnrenanes 4.40 3104 33:25
Bulk concentrate.......v.veveiieeniiinenieeiiioiionns vee 7.91 40-39 4.75
Bulk talling. .. ..vvvvrevrrrrerieeneeriiaiireraeaas 0.16 13-93 12.90
Copper concentrate........covvivvriruieirurroaneariineniiss 29-40 31-04 3540
Tron coneentrate.vveeeesve v rnesneiiieeeiiesniiiirsnsonnns 0-26 42.78 46-60
Run No. 3
Reagents to Circuit No. 1—DBulk Flotation:
To Ball Mill:
T T Ceerenaens P vrrenineeres 271b./ton
To Surge Tank:
Potassium amyl xanthate......ocoveveverervniennnss e e, 0-10 1b./ton
Pine oil...vvevnriininenenvnnns, reeraeiea. ereanes 0.0 “
To Cell No. 6: Amyl xanthate ................................... 0. 08 1b. /ton
To Cell No.7: it rreentraeratsrsstaresssrnons .. 0.0

To Cell No.9: “ . eererenee e, PR 005 “
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Reagents to Circuit No. 2—Copper-iron Separation:
T'o Discharge of Bullk Concentrate from Circuit No, 1:

11T 7.0 1b./ton
L0713 1 2 TR 0-10
To Surge Tank No. 2:
Potassium amyl xanthate........... et 0005 1. /ton
Classifier overflow..... e erereeaees Cirrerrererereens 36 0 38 per cent solids
Screen Test: Weight,
per cent
4 48 . .
— 484 65.. 0-8
— 654-100.. 50
—100--150. . 66
—150--200. . ... 186
=200, .. e _68-8
100-0
Assay Cu, per cent|Fe, per cent| S, per cent
Classifier overflow.........coovevviinnn et arearrae 4.24 33:63 36:35
Bulk concentrate...... ceen 5.54 43-59 47-30
Bulk tailing........... 0-42 10-54 8-10
Copper concentrate.... A 29.48 - 3124 35-20
Tron coneentrate........oovuivieiiiirieeriiiiiitiieiieians 0-30 45.58 49-60
Run No. 4
Reagents to Circuit No. 1—Bull Flotation:
T'o Ball Mill Discharge:
Sodium SilIcate.. .. vv vt iveiin i i, RN 2-11b./ton
To Surge Tank:
Potagsium amyl xanthate........c...o0nvis P 0-16 1b./ton
Pine oiliuveiiveiiiiiennniiinanns e e . 006

To Cell No. 4: Amyl xanthate. . 8-08 lb.{‘ton

T'o Cell No. 7: Amyl xanthate. 08
Pmeoxl Cireenn 006 ¢
Copper sulphate. .. . 026 ¢
To Cell No. 9: Amyl xanthate........ . ceenes 0005 K
Reagents to Circutt No. 2—Copper-iron Separation:
To Discharge of Bulk Concentrate from Circuit No. 1:
B 3 TN et e eseeiereheas 7.0 1b./ton
108 11 1c T 0-10 «

T'o Surge Tank No. 2:

Amy] XanENate, cuviviie it i i i r e 0:05 1b./ton
Classifier overflow...... 35 to 38 per cent solids

Weight,

Screen Test:
per cent

0-
3.
7.

7
4
4
16-9
71-4
71000
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Assay Cu, per cent{Fe, per cent| S, per cent

Classifier overflow.,......ovvveeivvennannn. 4.08 33-63 36-20
Bulk concentrate.....coveiiiriiiiiiiiiiiiiiisiieii i 5.58 43.18 48-10
Bulk tailing......ovveivereenvrnrneneninnns .. 0-14 4.98 1-80
Copper concentrate. .. e 2842 32:03 35-80
Iron coneentrate. ..c..ovvreeeinieeeeininiiiiiieiriiiiinenes 0-30 45-37 4950
Recoveries—Run No. 4

Product Copper, Iron, Sulphur, ’ela?rml‘go

per cent per cent per cent xi);ons ore
Bulk concentrate............. eeereerieaieaes 99-0 96-0 99-8 72-5
Tailing,...ovverieenuneenainas Cereeireereeeaas 1-0 4.0 0:2 27-5
B T - N PN 100-0 100-0 100-0 100-0
Copper concentrate.....oooveee.n. ereenieeeas 94.7 14-3 16:3 136
Iron concentrate..... Ceeees Ceeeeranee Ceee. 4.3 81-7 83-5 58-9
Totals,cvueereenvnvnnnns ety 99-0 96-0 99-8 72°5
Summary of Runs Nos. 1 to 4:
Total Amount of Reagents Used
bul;lfaﬁggé‘;(?fon Run No. 1| Run No. 2 | Run No. 3 | Run No. 4

Sodium silicate..... e rereiienas veeees e 2 Creieenen R P 2.1
Sodaash..........c.coeennn
Reagent No. 301,
Amyl xanthate............
Pine oil.......... Ceeveenans
Copper sulphate. ......o.ooviviiiiiiiiinnane

Reagents,
copper sepaTation Run No. 1| Run No. 2 | Run No. 3 | Run No. 4

8-0 8-0 7-0 7-0
0-10 0-10 0-10 0-10
Civeeees 0-02 Nil Nil Nil
Potassium amyl xanthate.......ocovveivinnennns 0:05 0-05 0-05 0-05

It will be observed that no difficulty was encountered in separating
the copper from the bulk concentrate. The loss of copper in the iron
concentrate was fairly uniform in all four tests. However, it will also be
observed that it was difficult to make a good recovery on the bulk flotation.
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The tailing was high in iron and sulphur in the first three runs, and it was
not until the collecting reagents were increased and a small amount of
copper sulphate added that a good tailing from the bulk flotation was
obtained.

The reagent cost on Run No. 4, the first test to give good metallurgical
results, would be approximately 22 cents per ton of ore treated.

Run No. 6

Reagents were the same as for Run No. 4, but no air-conditioning
was used.

Screen Test on Classifier Overflow: I‘,’Z‘fﬁ‘%&f&
- 48..
— 48-- 65..
— 65--100..
—100--150. .
—150-}-200. .
-200........
Assay Cu, per cent|Fe, per cent| S, per cent
Classifier overflow......... eerrraees et AN e 4.04 33-63 8650
Bulk concentrate........ooiveniiins. e hrererea. . 5-50 4368 48-26
Bulk tailing....oovvvrvevenenennss rerrerrrreas irrrerees 0-10 7.56 4-90
Copper Coneentrate. ..o vvurvvrireeniannnres ey 29.62 31.64 3630
Iron concentrate.............. erearsanaes v ereeerreanaeaas 026 45-77 5050
Recoveries:
Tons
Copper, Iron Sulphur,
Product per ceni; per ce'nt per cent fgzslg?_e
Bulk concentrate...........veunn.. Crereens 99.4 94.0 96-4 73-0
Tailing.....ovverninarnernnann, . 0:6 6.0 3:6 27:0
Totals......... e dereaus e asr e 100-0 100-0 100:0 100-0
Copper concentrate...... veeeen e veens 95.6 12.25 13-4 18-0
Iron concentrate 3-8 81:75 83:0 60-0
Totals..cierrvrvnirernenns 99.4 940 96-4 78:0

The results obtained in Test No. 5 indicate that air-conditioning is not
necessary during the bulk float.

Run No. 6

The only radical change made in this run was the reduction in the
quantity of lime and cyanide used on the copper separation from the bulk
concentrate. The lime was reduced from 7 pounds to 4.7 pounds, and
the cyanide from 010 pound to 0-05 pound.

This reduction apparently affected the copper separation as the results
of the assays show that the iron concentrate contained 1-0 per cent copper.
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Reagents to Circuit No. 1-—Bulk Flotation:

To Ball Mill Diacharge:
Sodium silicate.

To Surge Tank:

Potassium amyl xanthate.....

Pine oiliieesiiaisenninnnnnn

Sssestencevsnns

essetseassassserrran

P28 I W2 703

cireeresenccncsansoss O lglb ./ton

To Cell No. /: Amyl zanthate,,...........
To Cell No. 7: Amyl xanthate.............
Pine oil......... Creesenesne
Copper sulphate ......... ceveae .
To Cell No. 9: Amylxa.nthate................. .............

Csssserrersssenn

cossen

D L)

Reagents to Circuit No. 2—Copper-iron Separation:

Discharge of Bulk Concentrate from Circuit No. 1:

Lime.,
Cyamde ............... Certeseenenrrrareenaas Cevnen

To Surge Tank No. 8:

Amy] xanthato, eeeeeerieereasiereercrascarsecsecrossararecsssses, 0:05 Ib/ton

To Cell No.7: Amyl 2anthate. .. veeeerrerrencrssessorerernsnvooncenss
Classifier overflow....cooevvaveeseens

Screen Test:

— 484- 65...... Cerees N 0-5
= 654100 . ... eiir e s Creveneeaenas e

Ceereraaes Sessearsesrasesssses

—-150--200...
—200...

teeesssans

sesecrraassressserrreeen

vesae

g <05 1b. /ton

0-03

[{1
{4
3

Ceeserseerrransrrseens Ceerevees ..............47Ib/t0n

11

veeesness 80 to 34 per cent solids

Weight,
per cent

sees

R R R R R R R R R R R S

Cu,

Assay per cent;

Te,

per cent

£
per cent

0-04
5-62
0-16
29-40
1.00

Clasgsifier overflow......oveirivrerioessionoeeacss
Bulk concentrate....,..e0een..
Bulk tailing.....ovovinereeenenen
Copper concentrate......eevee.e.
Iron concentrate....e.eveenrneess

Peseraseersssrer b erear o

“sssressssrrrereeresess sy

Peesseratr sttt b e

RN T

3202
42.78

6-96
31.64
45-57

35-00
47-85

4.25
34.90
51-10

Recoveries:

Iron,
per cent

Copper,

Product por conb

Sulphur,
per cent

Tons
per 100
tons ore

Bulk concentrate. .. 99-0 94:0

Tailing.e...ovanss

teeseserevaensievene

1.0 6.0

71-1
28-9

100-0

86-0
14.0

99-0

100-0

Totald.uieeersrcrersierearaernnes

sesereens

Copper concentrate.
Iron concentrate..

revsaeneesneas

100-0

11.56
59-54

71.10

2390311
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Run No. 7
The flow-sheet used in this test differed from the previous runs in
that a Genter thickener was used to thicken the bulk concentrate before

the copper concentration.
It will also be noted that the quantity of lime and cyanide used was

brought back to the same quantity which was used in Runs Nos. 1 to 5
inclusive.

Reagents to Circust No. 1—Bulk Flotaiion:
To Ball Mill Discharge:

Sodium silicate...cviiierrriinnanaccnns L 2.1 lb./ton
Potassium amyl xanthate........... ceeerssnes verseensas veeesesees 0418
Pine oil..ieunienanas vereseans N tereenans 0-05

To Cell No. 4: Amyl xanthate........ Ceeseeerrecarresennerennaasran ves 0:03 lb./ton
To Cell No. 7: Amyl xanthate....... teesserrrrreesarerieararaas vesseen 005 «
Pine oil,c.vvuvuearaes treessranene vereren PN 002
Copper sul hoto,...... ceenne cesesneariasearaerassantsas 0 “
To Cell No. 9: Amyl xanthate..... PPN PN | I |

Reagents to Circuit No, 2—Copper~iron Separation:

To Discharge of Bulk Concentrate j'rom Circuit No. 1
Lime....oveevaannes
Cyanide.......

To Surge Tank No. £

Amyl xanthate...ooocvireencres eeeeraesrecetseteetetnarannnrninna 0-06 1b./ton
To Cell No.7: Amyl xanthate.......eeennee Ceereeneerertatantanrttanne 002 ¢
Classifier overflow....... PN teeeresecanreriatitetcaracnaonnas 35 per cont solids
. Weight,
Screen Test: per cont
4 48..i00i0ens creans Ceenes teerrenens veresssesrantiraane vesssansans 0-4
— 48 B8, iuiiiiniienas P 1.4
= 06100, .00 ciiiriieiiinninanas Cesaretesssinensrnaes tereraaisraenanas 4.6
~100-+150. . covuiiannanas tevserecnsasssereraneans Crrreseareertacancnaans 10-3
—=1504200..c000iinnennnnn Mesecsenaaressisacersrnran reeraanaas rerrerennae 15.9
w200, i rnicanrsaaaas Cereeriarranaes Erieseteensnecarratatianes 67.4
100-0 .
Cu e
Assay per cont per cent per cont
Classifier overflow.....cvvevivrnerseesaens Creeseseraeriane 3.94 32:83 36-00
Bulk concentrato. . viiieiisitiirniinienaes cresennne veves 542 42.79 47.98
Bulk tailng. e i ieriiiiiiiiii i sttt aaaas 0-08 4.38 1.15
Copper concentIAtO. ceueivssiirisescassosorsoscnsanne Snaans 29.60 31-24 35-30
Iron coneontrato. eeee et aviiiaiiiieiiatcriarecrnrconeanrans 1.05 44.78 49.80

The recoveries were not calculated for this test as it is quite obvious
that they are practically the same as obtained in Run No. 6. The con-
clusion therefore drawn is that thickening the bulk concentrate prior to
the copper separation is detrimental.

Runs Nos. 8, 9, and 10

These were a series of selective flotation tests made in a soda ash-
cyanide circuit. The results obtained were very poor and they are not of
sufficient interest to be reported.
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Runs Nos. 11 to 13 inclusive

A change from the flow-sheets previously used was introduced in these
tests. The air-conditioning tank was placed to air-condition the pulp
overflowing the clasgifier. It will be recalled that in all previous tests, it
was used to air-condition the discharge from the ball mill.

Run No. 11

This run was made to check the results obtained in Run No. 4.

Reagents to Circuit No. 1—Bulk Flotation:
To Ball Mill Discharge:

Sodium silicate...eeieeirieceiens teeenssinecnecanes Ciererenrnesies 2:2 1b./ton
Pine oil......... Ceseresereanenine teressteansacnns 08 “
Amyl xanthate...... tetesseesrnacenes veacssessvsseasae 013 “

To Cell No. 4: Amyl xanthate.......ceeneeen. teseransnran vevesavecnans 0-08 lb./ton
To Cell No.7: Amyl xanthate............ seacscacscscrsanae seseveacnes 008 %
Pine oil........cciiiiiiinncennenrnnnaanns vevescnsennenes 0-02 ¢
To Cell No. 6: Copper sulphate.....veeeses cevesseenas sessesnessannone 026
To Cell No. 9: Amyl xanthate...... teiereesencnacnens PN | 111 T

Reagents to Circust No. 2—Copper-iron Separation:
To liipcharae of Bulk Concentrate from Circuit No. 1
1me

.................... P £11] lb./ton
Cyanide.,....... vereseanenerereranoens Cevereseas [P | O {1 I
To Surge Tank No. 2:
Amyl xanthate P 1 11,1 lb./ton
To Cell No. 7: Amyl xanthate PPN | 111 B
Clagsifier overflow....ovvverseseesensiesnsannsnnasss.. 80 por cent solids
. Weight
Screen Test. pen oen’
-+ 65.. 0.
- 65--100, 3:6
~100-+150. 1
-150--200....... -9
2000, eiitniiniciranenns ersnersscesararsens -8
0
Cu, Fe, ,
Assay per cent per cent per cent
Classifier overflow......... Neresesentvarrenerattensesnsans 4.08 33-23 36-40
Bulk concentrat....vueveeerenvinnennns Cevesacecnsaniinans 536 42.98 48-20
Bulk tailing.......... Cevasasersisteaasesttcansaitnonens 0-16 7:36 4.50
Copper concentrate..... Ceiiresacrsarras reesesesitneriniens 27-90 32:04 36-40
Iron ConCEntIAto. sesrerurerernrierrsneeersnnsecsanssenans 0-15 4577 50-80
Recoveries:
Tons
Copper Iron Sulphur,
Product ’ 4 ) per 100
per cent per cent per cent {ons ore
Bulk concentrate.....overrreireniernnsennans 99-0 04.8 97-0 75-4
S 1117 SO PPPR I . 1-0 5:2 30 24-6
Totals.euiesinn. Ceeecanseritienesnens 100-0 100-0 100-0 100-0
Copper concentrate....,.. RN resaeens 98-8 12.8 140 14-16
Iron concentrate.....oovnveeereeennsss veensaes 2:2 820 83-0 61.24
Totals.......... Creasaseshentiasenaaneiens 99-0 4.8 97-0 75:40

23003113
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It will be noted that this test not only checks Run No. 4 but gives
slightly improved results.

Run No. 12

A change in the reagents used in the copper separation from the
bulk concentrate was made in this test. It should be noted that no cyanide
was used in conjunction with the lime, but that all other reagents were
the same as in Runs No. 4 and No. 11.

T'o Ball Mill Discharge:
Sodium 8ilicate. ... viiiviiieriieriiiiiiiiiiaies
Pine oiliessvisearocnnnns :
Ayl Xanbhate, . vveeeeeieesereciesrseeatiecisetortosrosestososannnne

To Cell No4 Amyl xanthate...oevviess 8 1b./to
To Cell No. 7: Amyl xanthate. B «

Pine oil........ . ceeees w2 «
To Cell No. 6: Coppersul B0 ve s eseneenren e anines eeeses . 025 ¢
T Cell No. 9: Amyl xant ate ..... veeres 0005 ¢

Reagents to Circuit No. 2—Copper-iron Separation:

To Discharge of Bulk Concenlrate from Circuit No. 1:
LiAI0. sttt eneeransnensonseorensssrescsnscessansossaensssarasssssssss 1°01b./ton

T'o Surge Tank No. 2:
Amyl xanthate. ...c.ciiiiserieereisennns 0051b/ton
To Cell No. 7: Amylxanthate....... .....
Classifier oVerflow.veeeiesieirsses covaranecns 37per centsohds
. Weight, -
Screen Test: per sont

448 ..o D PP

—48 4656 ...eual,
- 65+100 P S PSRN
—1004-150.....
—=1504200. v vuniiinnnns

—200..... Ceerenas S

R R R R R R P R PR

Assay

Clagsifier overflow............. 3-90 33-63 . 86:70
Bulk cOnCONIato. . oesverssesressessessstvereossstscareses 522 4278 47-40
Bulk tailing.. oo viiiierireiiieniareissssessriteisniscannans 0-10 877 2-70
Copperconcentmte............................. 26-86 32.24 36-40
Iron CONCORETAt. .evsersereerantrttnnnsiorsosiansisasnenns 0-156 45.57 5035

st

Recoveries:

Tons
Copper, Iron Sulphur
Product . por cenb | per cent | per cent éz)(::slgpe

terreenenanns 99-4 95-6 981 74.24
cerresscens 0.6 4.4 1.9 25-76

Total8vveererneerennnes ceeeneerieaes 100-0 100-0 100-0 100-0

Copper concentrate..... ces [ 97.2 131 137 14-10
Iron concentrate.... . 2:2 826 84-4 60-14

Total8.ueiieereeenernainererasanracsaseas 09-4 056 98-1 74-24

Bulk concentrate. PPN
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Run No. 18

In this test a very small amount of c¢yanide was used in conjunction
with the lime, namely 0-03 pound per ton; other reagent as in Run No. 12,

To Ball Mill Discharge:

Sodium silicate.......... Cereenreeraiaas eeesuseeneneseetarrasataas 2:2 1b./ton
Amylxanthate Ceneeesararesenrsainens R | 1 - T
Pine oil..eeivvrivisrnniensonninsss Creeeraias N | 11 B

To Cell No. J: Amyl xanthate... ...
To Cell No. 6: Copper sulphate.....
To Cell No. 7: Amyl xanthate..

Reagents to Circuit No. 2—Copper-iron Separation:
To Discharge of Bulk Concentration from Circuit No. 12

Lime,,......
Cyanide......ccvverse

To Surge Tank No. 2:

Amyl xanthate..........cruue. 0-051b/t0n
To Cell No. 7. Amylxanthate e bererserantitiniane veresrescnensasss 0:03
Classifior OVerfloW. eevsnsvnenvunsmsnsesensnsenes .............35percentsohds

Screen Test: Woeight,
per cent

e BB BB, 0-1
= 664100, 000 vuerninasanies Ceseniseaseieanas Creseteasenas 2.3
—1004150. .00 0vuvrsanninss e et reaninarearesrtantassanannse 5-0
TB04200. o+ e, P 131
100-0
Cu Fe 8,
Assay per cént per c(’mt per cent
Classifier overflow........ Cearieeriarine 394 33:43 37-22
Bulk concentrate,....... teeserisaniaes Cereserreasarresenns 5:18 42:39 4926
Bulk tailing..v.sievirieeirncranonnes Cesesacasesrirteesnens 0-10 5-37 2-87
Copper ¢oneentrate.ce...veessesenrss 26-00 33.23 3809
Iron concentrate......... Ceesseirens teseesenes verene Cheeens 0-18 4557 51.67

No recoveries have been worked out for this test as it can be seen
from the assays of the products that the recoveries are practically the same
ag obtained in Run No. 12,

SUMMARY AND CONCLUSIONS

The results of the experimental runs ghow conclusively that there
will be a decided saving in the cost of reagents by using the bulk flotation
method, and that there will also be a marked improvement in the metal-
lurgical recoveries and in the grade of the copper concentrate as compared
with those under the present methods of operating the Eustis mill.

The following table shows a summary of the kind and the quantity
of reagents used to obtain the results referred to.
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Quantity in pounds per

Reagents ton of original feed
Bodium SilICAte . vuveruerrieetarernceseiesatatreteststrrsisntecanes 2420
Amyl xanthate covviiieereeesercrorcresesessorsrscasosssssssecscans 0.43
D g (T30 | 0:10
Copper BUIPRATE . . ovviiiiieiiitietteettseitasittetirnstseietiocanan 026
I8 s e auennntastostsereansosvesesestssnsanconsesssssrnsarssncense

The table below shows the reagents used at present.

Quantity in pounds per
Reagents ton of original fee

1T P 2:5

Blaok 0yanmide. cueiciieeiersrereeecstasesserritacsncssssrssasarsses 0-4

Amy] xanthate.... 0:17
Butyl xanthate. ... 0-34
Soda ash.......... ves . 360
Copper BUIPhate. o . viveriiieiiiiisinieiiiiettieiieereiesiiiiirioees 090
Sodium sulphide...u.veieriiieieiisiniieiiiisniiciirriiestseiiiiens 0-50
PIne 0fliseusiennereneinniennsiensionnierncessieresionsesrnessncans 0-12

There is a very likely possibility that in actual mill operation, the
quantities of reagents used in the experimental runs can be reduced.

The test work has not shown definitely whether air-conditioning is
necessary or not. Run No. 5 would indicate that it was not necessary,
but, as Run No. 5 only covers a short run of half a day, there may have
been sufficient effect from the previous day’s run accumulated in the circuit
to carry through this short period.  The lack of air-conditioning is more
likely to affect the copper separation than the bulk flotation.

The test work has also shown that it is not necessary to thicken the
bulk concentrate before sending it to the copper separation and that in
fact it is detrimental to thicken. However, a surge tank of a type which
will break down froth should be used to condition the bulk concentrate
with the lime reagent before going to the copper separation, and con-
ditioning of at least 15 minutes is required.

The use of a small quantity of copper sulphate in the bulk flotation
circuit should be noted. This was found necessary in the test work in
order to clean up a streak of chalcopyrite which appeared in the pilot-
table over which the tailing, from the bulk flotation, was run. In actual
mill operation its use may not be necessary.

Attention is also drawn to the advantage of using a pilot table on the
bulk tailing, as an indicator of the efficiency of the operation at any moment.
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Ore Dressing and Metallurgical Investigation No. 626

GOLD ORE FROM GUNNAR GOLD MINES, LIMITED AT BERESFORD LAKE,
MANITOBA

Shipment. A shipment of 21 sacks of ore, net weight 2,400 pounds,
was received March 13, 1935. The shipment was submitted by Jas.
1%I/-[ouston, Manager, Gunnar Gold Mines, Limited, Beresford Lake P. O.,

anitoba.

Characteristics of the Ore. 'Thirty-one polished sections were prepared
and examined microscopically for determining the character of the ore.

Sample No. 1 (7 sections). The gangue is white translucent quartz,
which contains large patches of greyish white carbonate and small in-
clusions of greenish grey chloritic material, probably country rock.

The metallic minerals present are pyrite,chalcopyrite, sphalerite, pyrrho-
tite, and native gold. Pyrite occurs as small crystals and grains, com-
monly in the chloritic inclusions, rarely in quartz; the amount is not large.
A small amount of chalcopyrite occurs as small grains and irregular patches
in quartz, in places associated with carbonate. A small quantity of
sphalerite is present as small grains in quartz, commonly associated with
chalcopyrite. Pyrrhotite is rare as small grains associated with chalco-
pyrite and sphalerite. Native gold occurs as irregular grains chiefly in
the quartz; small amounts of gold are associated with pyrite and sphal-
erite. (See Table II).

The grain sizes of the sulphides are given in Table I. Analysis of the
chief sulphides shows the following percentages by volume:

¢ L TR PN 67-8 per cent

13 0 1F:1 16 £ s 23:0 “

(0):F:11076) 13 5 17T N 9.2 ¢

100.0 «

TABLE I
Grain Sizes of Sulphides in Sample No. 1
. . Chalco-
Pyrite Sphalerite, s

Mesh per ceni; per cent ’ pgi"g:ﬁ%
49-3 51-9 42.0
- 14.7 171 121
- 10-1 7.2 9-9
- 7-2 65 8.2
- 64 6:3 11.7
- 5-0 4.5 4.5
- 3.2 3.0 8.3
— 560 + 800.. 23 1-6 1-8
—~ 800 4 1100.. 0-8 10 1-4
— 1100 4 1600.. 0-7 0.4 11
— 1600 4 2300... 03 0-3 0-6
— 2800 e 0-2 0-4
100-0 100-0 100-0
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All of the tables are based upon quantitative data obtained by
traversing the polished sections very thoroughly under the microscope.
The grain size of the gold is given in Table II.
TABLE II
Grain Sizes of the Gold in Sample No. 1
(126 grains of gold measured)

Gold Gold
Gold associated | associated Total
Mesh in quartz, with with gold,
per cent pyrite, gphalerite, | per cent

per cent per cent

- 7.5 10-0
- 10-6 10-6
- 14-7 1.7 16-4
= 400+ B60.i.iiiiisiiiiiieiiieninaiiai 14-1 1.4 167
— 560 800....ii.eiiiiinaiiiniiiraneanns 12.2 2-9 17.0
= 800 1100.iiuviiiiiiiiniieriiiiiieennas 9.1 19 |..ooiiniann 11.0
= 1100 1600...0vverieniinnierieniiienanns 69 04 [ooviiiiiinn, 7.3
= 1600+ 2300....0iiieiiieianiiietiininan 6-8 08 feiriiiinns 7-4
— 2300 teererrrraseernseasasieerrranee 34 | . 3.6

85-3 8-9 5:8 100-0

Note.—Of the gold associated with pyrite, 1.1 per cent occurs withir it and 7-8 per cent around
the borders. Of that associated with sphalerite, 3+7 per cent occurs within it and
2+1 per cent around the borders.

Sample No. 2 (12 sections). The gangue is fine-textured, grey trans-
lucent quartz.

The metallic minerals present in Sample No. 2 are sphalerite, chalco-
pyrite, pyrite, pyrrhotite, and native gold. The sulphides are sparingly
distributed as small irregular masses and grains in the quartz. The gold
oceurs as irregular grains and very irregular and discontinuous stringers in
quartz; small quantities of gold are associated with chalcopyrite, sphal-
erite, pyrite, and pyrrhotite. (See Table IV).

The grain sizes of the sulphides in Sample No. 2 are shown in Table ITI.
Their relative percentages by volume are:

. . 43:2(; per gent

9'9 [{]
6.0 (13
1000 ¢
TABLLE IIT
Grain Sizes of the Sulphides in Sample No. 2
. Chalco- . Pyrrho-
Sphalerite, + Pyrite, h
Mesh *|  pyrite, tite,
per cent por cenb per cent per cent
4+ 65....... Cereereans 785 663 73-8 74.7
— 854 100....iiieiiiiiiiieiiiiiienne, 10-5 6-1 8.1 .
— 1004 150......iiiiennnens 5:8 9.4
— 1504 200.....c00000nivninen vevervas 3-9 6.2
— 2004 280......0i000vnnen creterranenne 22 3+5
— 2804 400.......c0000niiniennne [N 1.1 2:1
— 4004 B560....ieiiiiiiienienn Cerreerans 1.1 1-8
— 5604 800......ievieiiiniiiniiniens 1-0 20
— 800+ 1100........ 0-4 1.2
— 1100 - 1600..... e ressareseer et 0-4 1.2
— 1600+ 2300......000000e0ninannnnns aernan 01 0:2
- 2300 e teserssararsraeasran erees P .
100-0 100-0
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The grain size of the gold is shown in Table IV.

TABLE IV
Grain Sizes of the Gold in Sample No. 2
(666 grains of gold measured)

Gold associated with

Gold Total

Mesh in quartz, | Chalco- Sphal- Pyrit Pyrrho- gold,
per cent pyrite, erite, yri g’t tite, per cent

per cent per cent per ce per cent
+  65..... 4.87 1-11 5:98
- 664 100..... 531 2:43 7:74
- 1004 150..... 7-08 110 8.18
— 150 4- 200..... 13.06 0-40 13.81
— 2004 280..... 18:79 0-54 19.33
— 280 4 400..... 12.93 0:44 13.81
— 400+ 560..... 8:77 0-13 9.18
— 560 - 800.,.... 8.61 0:20 9:14
— 800+ 1100.,... 544 0-06 5-90
— 1100 4 1600..... 4.07 0:05 4.32
— 1600 - 2300..... 142 |oieviinas, 1.59
— 2300 093 |.ovvvnennnn. 1-02
91.28 6-46 1-49 0:68 0-09 100-00 °

Note: Of the gold associated with chalcopyrite, 0:99 per cent occurs within it, 5:47 per cent around
its borders, Of that associated with sphalerite 057 per cent occurs within it, 0-92 per
cent around its borders. The gold associated with pyrite and pyrrhotite occurs around
the borders of these minerals.

Sample No. 8 (6 sections). The gangue is chiefly translucent grey
quartz, with inclusions of greenish grey chloritic material.

The metallic minerals present are pyrite, chaleopyrite, sphalerite, pyr-
rhotite and native gold. Pyrite is locally abundant as small masses and
coarse grains. Chalcopyrite oceurs as irregular grains mostly in the gangue,
but occasionally in pyrite. A small amount of sphalerite occurs as small
masses and grains in quartz. Rare small graing of pyrrhotite are present
in pyrite. Native gold occurs ag irregular grains in quartz.

The grain sizes of the sulphides are given in Table V. It will be noted
that the sulphides, particularly pyrite, are considerably coarser than in
the preceding samples. Their relative percentages by volume are:

Pyrite......... e rereereareireaes et eean ettt e, 74-7 per cent
Chalcopyrite 13-6 ¢
1570 1T 13 TR 1.7 ¢
TABLE V
Grain Sizes of the Sulphides in Sample No. 3
. : Chalco- .
Pyrite i Sphalerite

Mesh per cen’t If;?éz‘;’t per cent ’

L P, ettt s e, 9

64-2 82-1
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The grain size of the gold is given in Table VI,

TABLE VI
Grain Sizes of the Gold in Sample No. 3
(209 grains of gold measured)

Ly
Gold assoclae Total
Mesh in quartz, cﬁvéfélo_ gold,
per cent pyrite, per cent

per cent
+  65....... 303 [eeveiinnes 3-03
- 654 100... 10-23 Cereriaieees 10-23
— 1004 150.......0000000. [N 1054 |......... 10-54
- 1504 200.... 11.17 11.17
- 2004 280.. 11-80 [....... 11-80
- 280 -+ 0.. 1338 Cereeaiarves 13-38
- 400 560....... 1101 [oo.ieeinnnes 11-01
- 5604 800.............. 10-39 0-31 10-70
- 8004 1100...... 7.25 7:25
- 1100 -+ 1600....... 6.11 Ceesieiaeaes 6-11
- 1600 4 2300... 245 |.oaiii, 245
— 2300 143 |oo.ooeele 143
99.69 0.31 100-00

Sample No. 4 (6 sections). The gangue is fine-textured grey trans-
lucent quartz with inclusions of light green chloritic material.

The metallic minerals are pyrite, sphalerite, chalcopyrite, pyrrhotite,
and native gold, This sample is very similar to Sample No. 2 in so far as
the sulphides are concerned, except that pyrite far predominates over the
others. Only five grains of native gold were visible, so the information
concerning its mode of occurrence is very meagre. It is known to occur
in both quartz and pyrite (See Table VIII).

The grain sizes of the sulphides are shown in Table VII. Their per-
centages by volume are as follows:

Pyrite....... Ceeenes Ceerraeaans ereraaneees Civevarensesaseseseeass 950 per cent
Sphalerite....v....... Crreeaens Crereranenns Cereaes Creeearesies e 308 ¢
Chalcopyrite......... Cerveaes Cereeees vesenenaes Cereeaeaes veeees 049 “,
‘ 100-0 ¢
TABLE VII
Grain Sizes of the Sulphides in Sample No. 4
Mesh Pyrite, Sphalerite, | Chalcopyrite,
per cent per cent per cent
- 6+ OO
- 100 - 562
Lol Ui{1 2 S) ) DU R £ 2 S {21 S RN erees
L1 || I SR 7 {1 DI AR RS (R 11 SUNN AR £ : SRR PO sesaranes
— 280 b 400....iiiiiiiiieninneriraeneesanes| 06 | 62 |eaaiiinen ves
— 400 4 177
- 560 - 12.9
- 800 - 7.1
- 1100 +4- 6.1
g L1 S 1 11 O O O TR
- 2300 Cevieavaees
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The grain size of the gold is given in Table VIII,

TABLE VIII

Grain Sizes of the Gold in Sample No. 4
(6 grains of gold measured)

Gold in Gold in Total
Mesh quartz, pyrite, gold,
per cent per cent per cent
4 280,000, verreiees P . 47.2 47-2
— 280 400.......... Ceseraissenies P JRS P verees
- 4004 B560........... cersaesenes eransens T P sesesanne cevesraies cees
- 580 800......... Ceesesiserrrtaseieas 19-7 ...l 19.7
- 800- 1100.......... veeeisens Cereeiies Cessiees 25-2 Crereree 25-2
- 1100 ... Ceeererenes Cererseessiseees 7.9 Cerereaeanns 7.9
52.8 47.2 100-0

Summary. Tables IX and X, giving the grain sizes of the sulphides
and native gold, are based upon the data accumulated for all four samples.
It must be kept in mind that varying proportions of the different types of
ore represented by the samples will vary these figures, and that this table
is merely the average of the samples submitted.

TABLE IX

Grain Sizes of the Sulphides in Four Samples
(Based on traverses of 81 sections)

s Chalco- Sphal- Pyrrho-

Mesh Pi_'rc‘gfl't pyrite, erite, tite,

be per cent per cent per cont

T B 80-9 63-7 69-6 747

-~ 854 100.........000..ls 6.4 58 12.4 10-2
= 1004 150....ciiiienniiiioneniiiiians 4.1 10-2 Ged i
=~ 150 200.......iiiiiiiieiiiiiiiann, 2:6 6-9 43 ...

— 2004 280....ieiiiiiiiiininiiiiiiias 2-2 4.3 3:0 48

) | 1.4 2:3 21 34

—~ 400 BB0......iiiiiiiiiiiiiiieiien 1.0 2-3 1.5 4.7

-~ 560 800......... Crrererirerereeaaes 0-8 20 1-0 1.7
= 8004 1100.....ccivvruieriaanisearonnns 0-3 1.2 03 [...ens
= 1100+ 1600...cceucerieneriiacrnnnonsnans 0-2 1.1 03 |oeveveiizens

— 1800 4 2300.......c00ii0ieiiiannniinins . 0-1 0-2 0-1 06

100-0 100-0 100-0 100-0

The following shows the percentage of each of the sulphides (per-
centages given by volume):

Pyrite,.....
alerite. ..
alcopyrite. ...

&

Pyrrhotite...cooeviiiernonann.

... B7-838 per cent
.. 2415 “

- 1839
2.08

100-00

143
[

143
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TABLE X
Grain Size and Modes of Occurrence of Gold in Four Samples
(1006 grains of gold measured)

Gold associated with
Mesh Gionld Chalcopyrite Sphalerite Pyrite Pyxrho-{ Total
quartz ¥ tite gold
With In With In With In With

per centlper cent{per cent|per cent|per cent|per cent|per cent|per cent|per cent

+ 65 4:29 (VI £ RS VR [ SN F i IO 508

- 654 100 5-88 R/ IR PO PPN AU AU R 7-63
-~ 1004 150 7-21 0-40 121 O O R Y 8:01
~ 1504 200 1220 0:29 §........ 0-25 (15 £ PO Y 12-93
-~ 2004 280 16-68 0- 0419 |oeevnvse]oenunens]oaenenn 019 [........ 17.25
~ 2804 400 13-10 032 [.uunenn. 0-16 0-16 (120 2 (RN P 13.87
- 400 560 959 009 {........ 0-25 0-19 {103 3 IR IO, 10-23
—~ 560- 800...] 9-29 0-06 0-08 {........ 0-16 0-16 015 |........ 9-90
— 800- 1100...] 6-16 0-00 0-04 006 [........ 0-15 0-16 0-06 6+69
-~ 1100 4 1600.., 4.71 004 [........ 004 |........ 0-03 0-11 §........ 4.93
— 16004 2300...] 2:083|........ ........ 003 1........ 0-02 011 |........ 219
— 2300 el 22 (el 003 }..c.ovinfernenenn 004 |........ 1.29
........ 3:99 0-71 0-82 0-70 0-60 076 [orriener]evenness

92-36 4.70 1.52 1.36 0-06 } 100-00

Table X shows that most of the gold occurs in quartz, with only
minor quantities associated with each of chalcopyrite, sphalerite, pyrite,
and pyrrhotite. The grain size of the gold ranges from the coarse to the
fine meshes, with the largest amount in the —200--280-mesh size.  The
presence of chalcopyrite and pyrrhotite may affect cyanidation if these
minerals are present in sufficient quantities and it may be necessary to
remove them. The wide range of size of the gold particles indicates the
advisability of using methods for collecting coarse gold in addition to fine
grinding and cyanidation to recover the fine gold.

An average sample of the shipment assayed as follows:
.vvs 0+96 0z./ton

v 0446
sesesesrsanreee 0-02 per cent

tressnaes

ExperiMENTAL TrSTS

The work done on the ore consisted of amalgamation and eyanidation
tests both alone and in combination, as well as blanket concentration and
hydraulic classification tests. By straight cyanidation of the ore 97-9 per
cent of the gold was extracted. This was not increased by combining
amalgamation with cyanidation, but by tabling out and regrinding the
sulphides extraction can be increased to practically 99-0 per cent of the
gold. A recovery was made of 69-8 per cent of the gold in a high-grade
fblaélket ézoncentra,te amounting to less than 2 per cent of the weight of
eed used.

In a hydraulic classifier 64-6 per cent of the gold was recovered in a
product amounting to 5-7 per cent of the weight of feed used.
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CYANIDATION

Tests Nos.1to 8

Samples of the ore were crushed dry to pass through 48-, —65-, 100~
and 150-mesh sereens. Portions of each were agitated in cyanide solution,
1-0 pound per ton of potassium cyanide, for periods of 24 and 48 hours.
Protective alkalinity was maintained by the addition of lime. The tail-
ings were filtered, washed, and assayed for gold.

Sumamary:
Feed sample: gold, 0-96 oz./ton.
- Reagents consumed
Tes Grinding Agitation, Ta:,;l;yng Extraction,
No. hours | gy oz /ton| PET Ot | KON Ca0
-~ 48 24 0:055 04.3 0-3 38
-~ 65 24 0-04 95+8 0-3 4.0
-~ 100 24 0:03 96-9 0-3 4.0
-~ 150 24 0:03 96-9 0.3 4.0
-~ 48 48 0-06 938 0-3 4.0
— 65 48 0:02 97:9 0-3 4.1
— 100 48 0:03 96-9 0-3 4.1
— 150 48 0-02 97.9 0-3 4.3

AMALGAMATION AND CYANIDATION

Tests Nos. 9 to 12

Samples of the same four lots of dry-crushed ore as used in Tests
Nos. 1 to 8 were amalgamated with mercury in jar mills for 30 minutes.
The amalgamation tailings were then sampled and assayed, and portions of
each were agitated in cyanide solution, 1-0 pound of potassium cyanide,
for periods of 24 hours. The cyanide tailings were also assayed for gold.

Summary:
Feed sample: gold, 0-96 oz./ton
Extrac- c 1 Extrac- Reagentés
tion yanide tion consumed,
Test Grindin Am%{gam- by tailing, by Tgtal Ib./ton
No. & A 8 1oné amalgam-|  Au, cyanid- | oXurac-
u, 0z./ton ation, 0z./ton ation, tion RCON | Ca0
per cent per cent a
9.......] — 48 mesh 0-27 71-9 0-0656 21-4 93-3 0-3 2:7
10.......] — 65 ¢ 0-22 71.1 0-036 19-3 96-4 0-3 3-8 :
1....... —100 ¢ 0205 786 0-030 18-2 96-8 0-3 4.0
12.......] —150 ¢ 0-20 79-2 0-030 17.7 96-9 0-3 4.1
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CYANIDATION WITH TABLING

Test No. 18

A gample of the ore was ground 70 per cent through 200 mesh in a
ball mill and then agitated in cyanide solution, 1.0 pound of potassium
cyanide per ton, for 24 hours. The cyanide tailing was then passed over
a small, laboratory-size concentration table where a sulphide concentrate
was taken off. The table concentrate was reground practically all through
200 mesh and agitated in a cyanide solution of the same strength for 24
hours. The table tailing and cyanide tailing from the concentrate were
agsayed for gold.

Summary:
Feed sample: gold, 0-96 0z./ton
Woight A Exteacti Reu%gn};: consumed,
51 ssay xtraction ./ton ore
Product per cent Au, oz./éon per cent !
KCN Ca0
Table tailing from primary cya-
nide tailing............. ry 89-0 001 |.evununne R
Cyanide tailing from table con-
Centrate. coveivieriararennns 11.0 0:01 l.oveenvnnens 0:00 1.41
Final eyanide tailing (cal.) ...... 100-0 0-01 98-95 0-56 . 4.2
PLATE AMALGAMATION

Tests Nos, 14 to 17

Samples of the ore were ground wet in jar mills 57, 70, 78, and 85 per
cent through 200 mesh and passed over an amalgamation plate. The
tailings were filtered, washed, and assayed for gold.

Summary:
Feed sample: gold, 0-96 oz./ton.
Grinding .
Test No. gﬁr cenli; ' 'I;z;;l;;g Extracti%n,
roug H per cen

200 mesh | At 0z./ton

14, ittt ittt rs et es e iasra s ranans 570 0:295 69-

15eiiiiiennnnns Cererrneans Creeerrrerreianasinane Ceereerane 70:0 0-30 68-8

2B e eieiernnernseirnirrantessncrcranserssrireionncsnarsss 78:0 0-28 70-8

) ¥ et ererereresartiaraeretotettanarrnanns 85:0 0-38 60-

BLANKET CONCENTRATION

Test No. 18

A sample of the ore was ground 57 per cent through 200 mesh in a
ball mill and passed over a corduroy blanket set at a slope of 2-5 inches
per foot, The blanket concentrate and tailing were assayed for gold.
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Summary:

Weight Assay, Recovery,
Product per cent | Au,o0z./ton | per cent |

Blanket concentrate... 1-6 41.87 69.8
Blanket tailing........ 08.4 0-295 302
Feed (Cal)ieeeeieeiuissinssssarvscissoasesrsarserssncennes 100:0 0-96 100-0

HYDRAULIC CLASSIFICATION
Test No. 19

A sample of the ore was ground 57 per cent through 200 mesh in a
ball mill and passed through a hydraulic classifier where the gold and heavy
minerals were allowed to settle out against a slowly rising current of water,
This test was intended to give some indication of the results to be expected
from the use of a hydraulic trap in practice.

Summary:
Weight, Assay, Recovery,
Product per cent | Au,o0z./ton| per cent !
Classifier OVOISIZ6..ueeseessirssieraaseesarassonssasaransas 5.7 10-88 64:6
Classifier overflow.....oovvavinesirniecnrereierncsreonnens 04.3 0-36 35-4
Feed (0L )uereereieunereasronsraresosncssecsnorsnrsarssans 100-0 0-96 1000

CONCLUBIONS

The tests conducted on the sample of ore submitted indicate that it
will be easy to treat. A satisfactory flow-sheet would be eyanidation with
concentration and regrinding of the sulphides. In this way about 99 per
cent of tlclle gold can be extracted with a very reasonable amount of reagents
consumed.

For such a flow-sheet the ore should be ground all through 65 mesh
and about 70 per cent through 200 mesh. The sulphide coneentrate should
be reground practically all through 200 mesh and re-cyanided.

The above is standard practice at the Hollinger mine, Timmins,
Ontario, and should be well suited to this ore.
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Ore Dressing and Metallurgical Investigation No. 627

GOLD ORE FROM BRADIAN MINES, LIMITED, BRIDGE RIVER AREA,
LILLOOET MINING DIVISION, B.C.

Shipment. Shipments of two separate bags of ore, total weight 150
pounds, were received May 1, 1935, from T, E. Grey, Mill Superintendent,
Bralorne Mines, Limited, Bralorne, B.C. They were marked Lots Nos. 1
and 2.

Determinations of the value of the two samples, as well as preliminary
cyanide tests for the recovery of the gold, were desired.

After crushing, cutting and grinding by standard methods, samples
were obtained which showed the lots to contain:—

Gold Silver, Arsenig
Lot No. oz./to'n OZ./tOI'l per cent
| SN Pereeeontaaarossaaasrsrasrstsannssasaertissatsas 0-19 0-08 0.34

it ieriet e i it e et araas 1.76 0-42 0-33

Characteristics of the Ore. The gangue of Lot No. 1 is milky-white
quartz and greenish grey altered country rock. The latter contains fine
stringers and disseminated grains of carbonate.

The metallic minerals consist of sparsely disseminated arsenopyrite and
pyrite, a small amount of pyrrhotite, and traces of chalcopyrite. Native
gold is present as small, irregular grains in the quartz.

The gangue of Lot No. 2 comprises much more greenish grey country
rock and white carbonate than does that of Lot No. 1. Only a small
amount of quartz is present.

The metallic minerals are chiefly pyrite and arsenopyrite rather finely
disseminated, often as narrow stringers of very fine grains. Very small
amounts of pyrrhotite and chalcopyrite are present.

ExPERIMENTAL TESTS

The test work included cyanidation and blanket concentration singly
and in combination. An overall recovery of 97 per cent of the gold was
obtained. .

Lot No. 1

Tests Nos. 1 to 8

Samples of the ore were crushed dry to pass through 48-, 100-, 150-,
and 200-mesh screens, and portions of each lot were agitated in cyanide
solution of 1 pound per ton strength., Ten pounds of lims per ton of ore
;vas a?éled to maintain protective alkalinity. The tailings were assayed
or gold.
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Results:
Reagents consumed
Test Mesh A%tation, Feed, Tailing, Eé‘lf)rfc' 1b./ton !
No. grind ours Au, oz./ton | Au, oz./ton per cont
KCN Ca0
lo...... 48 24 0-19 0-03 84-3 0-3 3.8
Deviines 48 48 0-19 0-025 86-8 0-3 3.8
L T 100 24 0.19 0025 86-8 0-3 4.1
L 100 48 0-19 0:02 89-5 0:3 4.9
5.t 150 24 0-19 0-025 86-8 0-3 54
[T 150 48 0-19 0:02 895 0.3 39
Teveren 200 24 0-19 0-02 89.5 0:3 39
L 200 48 0.19 0-015 921 0:3 4.2

Screen tests were conducted on the cyanide feed, which are sum-
marized as follows:

48-mesh, | 100-mesh, | 150-mesh,

Mesh weight, weight, weight,

per cent per cent per cent
— 484 BB...iiiiiiianna, 4.9 Lot
— 654-100..000iieiennninnnnn Ceerieaneeee Cereereacaeiines 723 N PO Chveeras
=100 4180, . .00uiiniireniriinieeianenes Cereresecaeraraes 15.6 14.0 J........
— 150 4 200..... Cerene Ceereieas hreearereriaareeas . 16-3 18-7 6.2
-200  ..... 35-8 66.9 035

Lot No. 2

Tests Nos. 9 to 16

A similar series of cyanidation tests was run on Lot No. 2 which is
summarized as follows:

Reagents consumed
Test Mesh Agitation, Feed, Tailing, Ezcitor:c- 1b./ton ’
3 il
No. grind ours Au, oz./ton | Au, oz./ton per cent

KCN Ca0
9...... 48 24 1-76 0-56 68-2 0.3 4.2
10..... 48 48 1.76 0-04 977 0:3 4.2
ves 100 24 1.76 0-185 89-5 0-3 4.2
12...... 100 48 1-76 0-05 972 0-3 5.4
18.... 150 24 1.76 0-045 975 0-3 4.5
14.... 150 48 1.76 0-03 98-8 0-3 6:2
16...... 200 24 1.76 0-035 981 0-3 7.4
16...... 200 48 1.76 0:04 988 05 8.4

2390312
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Screen tests of the cyanide feed showed the grinding to be as follows:

48-mesh, | 100-mesh, | 150-mesh,
Mesh weight, weight, weight,

per cent per cent per cent
— 484 6B...i.ieiiiiiiiiienn Sesessensesseressesesiscsne 7 TR N
= B854 100. .. .00iiiiiiiirneririitiirecnane RN 22:1 liiiiieninees sessase .
e L1 - 72 Ted Liiiieieias
L 3L 11-5 17-8 14.2
=200 i iiiiiieeriiteceireeet et rercecactanrons 517 744 856-6

BLANKETING AND CYANIDATION

Test No. 17

In this test 1,000 grammes of Lot No. 2 ore at — 14 mesh was ground
20 minutes in a ball mill to 65 mesh with 55-4 per cent through 200 mesh
and passed over a corduroy blanket, giving two products, a blanket con-
centrate and a tailing. The blanket tailing was then agitated in cyanide
golution, 1-0 pound of potassium cyanide per ton, for periods of 24 and
48 hours. The cyanide tailing was assayed for gold. A screen test of the
blanket tailing showed the grinding to be as follows:—

Mesh

- 100
— 100 - 150.
— 150 - 200.
— 200

............................................................

Blanket Concentration:

Weish A Distribu-
eight, 838y, tion
Product per cent | Au,o0z./ton] of gold,
per cent
Teed (Cal )it ienreiiineerireerennrnneesssnneensessssesnns 100+0 1.79 1000
Blanket concentrate., 0-45 308-88 777
Blanket tailing 99-5 0-40 22-3
Cyanidation of Blanket Tailing:
Rengents consumed,
Test No Agitation, Feed, Tailing, Eétg;‘c' 1b./ton
hours Au, oz./ton | Au, 0z./ton per cent e o
24 0-40 0-02 95.0 0-3 8-0
48 0:40 0-025 93-8 0.3 8.4

An overall recovery of 98-7 per cent of the gold is made by blanket
soncentration followed by cyanidation of the blanket tailing.
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Test No. 18

In this test, also on Lot No. 2 ore, the same procedure ag in Test No.'17
was followed; the initial grind, however, being somewhat finer.

Screen Test:

Weight,

Mesh per cent
L L1 R e 1.4
B L e 7.0
B L1 e 1 R 20-5
- 200 P T N 70-8

Blanket Concentration:

Weight, | A D
e1g 888y, ion
Product per cent Au, oz./ton of gold,
per cent
Feed (cal.)...uen.n.. 100-0 154
Blanket concentrate, . 0:35 340-0 773
Blanket tailing..eeeusoerstiacrissresirinieessonreserssnans 99-6 0:35 2.7
Cyanidation of Blanket Tailing:
Reagents consumed
Teat No Agitation, | Teed, | Tailing Extrac- ib./ton ’
ours Au, 0z./ton | Au, oz./ton per cent KON ' oo
24 0-35 0:02 04.3 0.3 79
48 0-35 003 1. 91.5 0-3 8:2

An overall recovery of 98+5 per cent of the gold is noted.

Test Nos. 19 to 22

A composite sample of approximately equal quantities of Lots Nos. 1
and 2 was taken and crushed dry to pass through 150- and 200-mesh
screens. Portions of each batch were then agitated in eyanide solutions of
1 pound per ton strength, and 10 pounds of lime per ton of ore was added
to maintain protective alkalinity. The tailings were assayed for gold.

Resulis:
Reagents consumed.
Test Mesh Agitation, | Feed Tailing, Eé(_trac- 1b./ton ’
No. grind hours | Aw, oz./ton | Au, oz./ton 10m, " -
per celt KCN | Ca0
19...... 150 24 0-84 0-06 93:9 0.3 01
2...... 1560 48 0:84 0:045 04.7 0.3 9.1
21...... 200 24 0.84 0-045 94.7 0-3 10.2
22...... 200 48 0.84 0-05 93-9 0-4 9:8

23903—124%
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Test No. 23

A composite sample of 500 grammes of Lot No. 1 and 500 grammes
of Lot No. 2 at — 14 mesh was ground 20 minutes in a ball mill to 65 mesh
with 539 per cent through 200 mesh and passed over a corduroy blanket,
giving two produets, a blanket concentrate and a tailing. The blanket
tailing was then cyanided for 24 and 48 hours in a solution of 1-0 pound
of potassium cyanide per ton. The cyanide tailing was assayed for gold.

A sereen test of the blanket tailing showed the grinding to be as
follows:

Blanket Concentration:

Weight A Di:pribu-

eigh ssay ion

Product per cent Au, oz./t'on of gold,
por cent

Teed (CaLl.)ivresturreeunennonnrnsrnnesssasoneiresesnoinsans 100-0 1.16

Blanket concentrate., ... oveeierieerinsrnerinririernrarans 0-68 132-92 7845

Blanket tailing vt vveriviine e iiirr ity 99-3 0-25 21+5

Cyanidation of Blanket Tailing:

) Reagents consumed
Test No Agitation, TFeed, Tailing, Eé’f)ll?c' 1b./ton '
hours Au, 0z./ton | Au, 0z./ton per cont KON o0
23 i 24 0:25 0-06 76-0 0-3 7-9
2 48 0:25 0-025 900 63 7.9

An overall recovery of 97-8 per cent of the gold is noted.

CONCLUSIONS

The ore responds readily to cyanidation, and this is the process to be
recommended.

Owing to the comparatively large amount of coarse gold in the ore,
both the time of agitation and the fineness of grinding can be cut down if
the cyanidation is preceded by blanket concentration or by some other
method of concentration, such as jigs.

In Test No. 10, a cyanide tailing of 0-04 ounce of gold per ton was
obtained after 48 hours’ agitation, preceded by grinding to 51-7 per cent
through 200 mesh; whereas blanket concentration followed by only24
hours’ eyanidation of the blanket tailing, on a grind of 554 per cent
through 200 mesh (Test No. 17), resulted in a cyanide tailing of 0-02.ounce
gold per ton.
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Ore Dressing and Metallurgical Investigation No. 628

GOLD-COPPER ORE FROM THE ASHLOO GOLD MINING SYNDICATE,
SQUAMISH, VANCOUVER MINING DISTRICT, B.C.

Shipment. A shipment of gold-copper ore consisting of 1 bag, weight
115 pounds, was received on March 14, 1935, from the Ashloo Gold Mining
Syndicate, Squamish, B.C. The property is 29 miles from tidewater, the
first twenty-two miles being a fair road, the final seven miles being a pack-
horse trail. The sample was submitted by E. P. Yarwood.

Characteristics of the Ore, The gangue consists of fine-textured black
siliceous rock and milky-white vein quartz.

The metallic minerals identified in the polished sections are pyrite,
chalcopyrite, pyrrhotite, arsenopyrite, galena, sphalerite, and native gold.
Two additional minerals, both of which oceur in very small quantity as
small graing in chalcopyrite, were not identified and are classed as un-
determined. The tests for these are as followsi—

Undetermined No, 1—
Colour: Grey, like argentite,
Hardness: Soft: B.
Crossed nicols: Isotropic.
Etch tests: HNOs—quickly blackens. .
HCl —slowly grey; some grains negative.
KON —blackens,
FeCls —quickly iridescent.
HgCl,—iridescent.
KOH —negative.
Undetermined No. 8—
Colour: Light grey, with slight pinkish cast.
Hardness: Soft, and sectile (?): A to B,
Crossed nicols: Moderate anisotropism.,
Etch tests: HNOs—tarnishes black to iridescent.
KCN —pitted, and grey.
FeCls —slowly tarnishes iridescent,
HCIl, KOH, HgCl,—negative.

Pyrite, the most abundant metallic mineral, occurs as coarsely
crystalline masses and irregular stringers in quartz. It is much fractured,
and contains numerous small veinlets and grains of chalcopyrite. The
chalcopyrite occurs as above, and as grains and stringers in quartz and
black rocky gangue; it contains small, irregular graing of sphalerite, galena,
and undetermined minerals Nos. 1 and 2. Pyrrhotite locally forms small
masses and stringers in quartz, and is associated with pyrite. Galena,
sphalerite, and the two undetermined minerals occur in small amounts as
grains in chalcopyrite. A small quantity of arsenopyrite is present as
tiny crystals in pyrite.

Only one grain of native gold was visible in the polished sections, This
grain is between 65 and 100 mesh in size and is associated with undeter-
mined mineral No. 2 in quartz.
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The microscopic examination indicates that the content of sulphide
minerals is considerable, the more abundant being pyrite, chaleopyrite, and
pyrrhotite. Two undetermined minerals are present in small quantity;
it is not known whether these contain valuable elements and their effect
on treatment cannot be predicted. Very little is known about the mode of
occurrence of the gold since only one grain was seen; it is probable, however,
that some of the gold occurs as coarse grains.

Sampling and Assaying. The ore was crushed to —14 mesh and
sampled by standard methods. A head sample assayed as follows:—

1 N 0-96 oz./ton

Silver ...1.89 ¢

L) )T 090 per cent
TOMt s s saseasioaseanansasiorsasssannossonssroasnsssocsnsssossnssaasas 6-60 “

ExpERIMENTAL TESTS

The object of the test work carried out on the sample of ore submitted
was to find & method of treating the ore suitable for the conditions arising
from the location of the property. The weight of products shipped out
should be kept as low as possible and should contain the maximum amount
of gold. Both bulk and selective flotation tests were carried out and the
results obtained are the bases on which a suggested flow-sheet for the
metallurgical treatment of the ore is submitted at the end of this report.
It must be borne in mind that the calculations and suggestions offered are
bﬁsed on the assumption that the sample submitted is representative of
the ore.

AMALGAMATION

Test No. 1

In order to determine the amount of free-milling gold present in the
ore a sample of ore was ground and barrel-amalgamated with mercury for
one hour. The recovery of gold by amalgamation was 17:70 per cent.
The result indicates only a small amount of free-milling gold.

The grinding size of the ore for this test is shown by the following
screen test:

R Weight,
Mesh per cent
L N 0-5
1) 2 2.8
21 14.2
=200, et ettt araeaebi s et it et et aertaae sttt atrearseetasaetes 82-6
100-0

FLOTATION

Test No. 2

This was a bulk flotation test in a soda ash circuit. The ore sample
{1,000 grammes) was ground in an Abbé jar with 4 pounds of soda ash
per ton and 0-07 pound of Aerofloat No. 31 per ton.

Reagents Added to Cell:

Potassium amy] xanthate...coceeiesisecesererciososserscrasorssessas 0+4 1b./ton
PINe Oll.euiieieescenersssrvasasnssssrorsssrarsconssosasnsassesanansons 01 ¢
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Results:

Assay Distribution, per cent Ratio of

Product Weight, concen-

per cent| Au Cu Fe A
oz./ton |per cent|per cont Au Cu Fe | tration

Feed...ovovevvnuiasencnnas,} 100-00 1 0-98 0-90 6.60 { 100-00 { 100-00 | 100-00
Concentrate, .. veees.| 10-98 | 8.75 7-96 | 85-82| 05-99 | 97-03 | 50-4 | 9.12:1
Tailing,ocoeveirseiiineeses] 89:041 0-045 0-03 3-09 4-01 2.97 | 40-6

Test No. 3

In this test the grinding and flotation were carried out in a lime circuit.
The tailing was higher in gold than in the previous test.

Reagents:
To Grinding— Lb./ton

....... R T R R PP R PR TSR

Lime 4-0

Aeroflont No. 81, s erreeirnerneinvnassnrrenrasnrninrarinrnane 0:07
To Cell—

Potagsium amyl xanthate....c.vevueevsersroresasssincssrassssasssess 0-4

Results:

Assay Distribution, per cent |Ratio of

Product Weight,|-— concen-

per cent| Au Cu Fe <
oz./ton |per centjper cent| AU Cu Fe | tration

Feed.............00vueenen] 100400 0-96 0-90 6.60 { 100-00 | 100-00 { 100-0
Concentrate... .| 1231 7-40 6.94 | 30.-24{ 92.90| 97-01 59-0 | 8:12:1
Tailing.csvsservnnnunnenys..| 87489 0-08 0-03 2:94 7.10 3-99 41-0

Test No. 4

This was a bulk flotation test. The ore was ground wet with soda
agh and Aerofioat No, 31. At the end of the flotation some copper sul-
phate solution was added to pull as much pyrite as possible.

Reagents:
To Grinding— Lb./ton
80da 880, . 0eii.iviiviniisiiionriiirisniarirssisianisricrnssisasisanss 40
Aerofloat N0, 81, u.uvirveiaveironsrsnsesasnssasssesnssnsnsnsssernas . 0-07
To Cell— Lb./ton
Potassium amyl xanthatee,.ecvuiiiseeirarissosorsiessssiasssssncass 0-30
Cresylic acid...... Crereeaes T 13:1]
Pine oil.c.vvevvvvennincniinnnnans e reeates s et tasasns i aeniarsnns 0-15
Coppersulphate.......... ............ e eesaese s easatsestasarnrranna 2.0
Results:
Product Weight, Assay Distribution, per cent Ratio of
roduc concen-~
per cent| Au Ag, Cu Te s
oz./t'on oz./ton |per cent|centper Au I Ag Cu Fe | tration
Feed..........] 100-00 {........]eeecevs]evevnenefeeenn...|100-00 1100-00 {100-00 {100-00
Concentmte 12.69 8:09 | 14-11 7.42 |.43 33| 96.71 } 91-52 | 97.20 | 62.22 | 7-88° 1
Tailing........| 87-31 0-04 0-19 0-03 }-95 2] 3.20{ 8-48| 2.71( 37.78

The grinding size was about 82 per cent —200 mesh.
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Test No. 6

This was similar to Test No. 4 with the grinding size about 85 per cent
—200 mesh.

Reagents:

To Grinding— Lb./ton
R LeTe Y- 4.0
Aerofloat NO. Bluueiveeieierierersoranerseerencesnsronssessncessnes 007

To Cell:i—
Potassium amyl xanthate.......... e et a ettt eeereratesasianraeiane 03
PINe O6liuuus st etetutoeeenerueseeeosusrueresioseseonessssassanasasne 0.2
Copper SUIPRAte. s ovetereettiiarertuisrratersrecesrsieceestoiereranss 1.0

Resulis:

Assay Distribution, per cent Ratio of

Weight

Product ! concen-
per cent] Au, Ag Cu, Te, A

oz./ton oz./tzm per cent|per cent, Au Ag Cu Te | tration

Feed.......... 100000 fooveniueesnaenifoennnes ernsiens 100-00 100-00 [100-00 100-00
Concentrate...[ 1265 8.76 | 12-60 7.22 ] 32-23 | 97-69 | 96-82 | 97.21 | 60-17 [ 7.901:1
Tailing...,....] 8735 0-03 0-06 0-03 3-09( 231 3-18( 2.79 | 39.83

Screen Test on Tailing:
Weight,

Mesh per cent

100, 0 0-2
+-150.... 2.1
BT N 125

L . 856-2

100-0

R R R R R E Y TR

Test No. 6

In this test an attempt was made to obtain a high-grade copper con-
centrate by selective flotation of the bulk concentrate.

The ore sample was ground with soda ash and Aerofloat No. 31. A
bulk float was made and the bulk concentrate was then reground with
sodaha.sh. The reground pulp was then conditioned with cyanide and
xanthate.

Reagents:

To Primary Grinding— Lb./ton
B0da 88N, 1 iiiviiiiiriii i i et e re e aeas 3-0
Aerofloat NO. Bluui.viiterersenstionnerasronannerseseasnnseesennes 0-07

To Bulk Flotation—

Potassium amyl xanthate, . icevviiiieeeisiriiioiecseensserssonannes

Pine 0ilueueeraiiiiiiiiiiiiciiiiiiiiii i e

co
SN

To Selective Flotation—

L0 T«
Amyl xanthate....cviisiiiiiiiiiiieiiitiinscriiiicrsserrtensesnecen

10
-10

oo
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Results of Bulk Flotation:

Asgsay Distribution, per cent Rati
. oof
Product Xf‘ggf& Au, Az Cu coneen-
o0z./ton { 0z./ton |per cent Au Ag Cu | tration
Feed..oovvveveninnnninn. 10000 0-96 1-89 0-90 | 100-00 | 100-00 | 100-00
Bulk concentrate,........ 1052 8:67 | 16-44 8:52 | 04.44 | 93.24 { 100-00 | 9-51 : 1
Bulk tailing.............. 8948 0:08 0-14 | Nil 556 876 |........
Selective Float of Bulk Concentrate:
Welalt Assay Distribution, per cent Ratio of
egng,
Product per cent| Au, Ag, Cu, concen-

oz./ton} oz./ton |per cent, Au Ag Cu tration

Feed.vvivvvnviiinioninnn, 100-00 867 | 1644 8-32 | 100-00 | 100-00 | 100-00
Cu eoncentrate............ 54.38 | 12-06 | 22-54 8:70 | 75-64 | 74-56 | 56890 1.84:1
Cleaner tailing............| 45-62 4.63 9-17 7-86 | 24.36 | 25-46 | 43-11

The results do not indicate a good recovery in the selective float.
This is probably due to insufficient grinding of the bulk concentrate and
not sufficient time of contact with the cyanide. The two following tests
take into account these two factors.

Screen Test of Tasling:
Weight,
Mesh per cent
. 0-8

4.
7.
7.

=111

1
1T
100-0
The bulk tailing was run over a corduroy blanket with the following
results:

. Distri- Ratio of
Weight, Asggay A
Product H ! bution, concen-
per cent oz./ton per cent tration
Coneentrate. .. vvvueeevivrirorrironeriiarienns 1-33 4.08 55:0 76419 :1
Lailing.eusernsnssuierronosvenienssnnansases 08-67 0-045 45.0

The results indicate that by bulk flotation a fair proportion of free
gold will find its way into the tailing.

Test No. 7

The sample of ore wag ground in an Abbé pebble jar with 3 pounds of
soda ash and 0-07 pound of Aerofloat No. 31 per ton. A bulk float was
then made using the following reagents:

Potassium amyl xanthate. . ...ooveereirerroreieerorinenesisnssicsoiasnes
PANE OBt sss v v v ve s os e etenetnsvasssaononneasseornesensonsnrssneeensans 0-1
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The bulk concentrate was then reground for 20 minutes in an alkaline
(soda ash) pulp with 0-20 pound of cyanide per ton of concentrate. A
selective float was then made, conditioning with a small amount of amyl

xanthate.

The results of these tests follow:

Bulk Flotation:

Weieht Assay Distribution, per cent Ratio of
Product elght, concen-
per cent{ Au, Cu, A
oz./ton | oz fton per cent| Au Ag Cu tration
Feed.ovveriivineiianene, L1 100-00 | 0-96 1-89 0-90 | 100-00 | 100-00 | 100:00
Bulk concentrate......... 11-28 1 8-68 | 16-53 7-79 | 93-64 | 90-33 | 100-00| 8-87:1
Bulk tailing.............. 88:72 | 0-075 | 0-225 | Trace 6-36 967 |.....itn
Selective Flotation of Bulk Concentrate:
—_—— Assay Distribution, per cent Ratio of
Product eIght, concen-
per cent{ Au, Ag, Cu, A
oz./ton | oz./ton [per cent Au Ag Cu tration
Feed......ovnennns 100-00 8:68 | 16-53 7-79 | 100-00 | 100-00 | 100-00
Copper concentrate. . 63-41 | 12.64| 23.64| 11-50 | 92-20 | 00-66 93:61 1-58:1
Cleaner tailing............| 36-59 1-83 4.22 1-36 771 934 6-39
Test No. 8 .

In this test the grinding and bulk flotation were carried out as in Test
No. 7. The bulk concentrate was ground with 0-20 pound of cyanide and
7.0 pounds of lime per ton of concentrate for 30 minutes, and a selective float
made in a fairly dilute pulp. Cresylic acid and pine oil were used as frothers.

Bulk Flotation:

Weleht Assay Distribution, per cent Ratio of
Product elght, concen-
per cent| Au, Ag, Cu, A
oz./ton | oz./ton [per cent Au Ag Cu tration
Feodiivrrrvinininrnennns 100:00 0-96 1-89 0:90 | 100-00 | 100-00 | 100-00
Bulk concentrate veeensas| 10077 9-13 | 16:21 8-30 | 95-66 { 92-45| 100- 00 9:29:1
Bulk tailing........ vevend| 89-23 0:05 0-16 | Trace 4.34 7:851...... .
Scelective Flotation of Bulk Concentrate:
Assay Distribution, per cent Rati
N atio of
Product pvgre'g;l& Au, Ag, Cu, concen-
oz./ton | oz./ton lper cont] Av l Ag l Cu | tration
Feed.vvirevinrnrnnienns .1 100-00 9.13 | 16.21 8:30 | 100-00 | 100-00 | 100-00
Copper concentrate.. 44.63 | 16-98 ] 20.50| 17-26| 83-02{ 81-21 | 02-86 2:24:1
Cleaner tailing............| 56-37 280 550 1.07 | 16-98 1 18.79 7-14
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The lime pulp in the selective float of the bulk concentrate raises the
grade of the copper concentrate, but tends to lower the gold content.

The cleaner tailing from the selective float was barrel-amalgamated to
determine if a further recovery of the gold in this product were possible.

The sample of cleaner tailing assayed 2-48 ounces gold per ton.
After amalgamation the tailing assayed 2-23 ounces gold per ton, indicat-
ing a recovery of only 10-08 per cent.

The results of this test would indicate that the gold present in the
cleaner tailing is associated largely with the pyrite or other sulphides.

CONCLUSIONS

The results of the tests indicate that the use of a unit cell in the classifier
circuit followed by standard flotation cells will provide a satisfactory bulk
concentrate. This product may be shipped to a smelter, or it may be
reground and given a selective float in a secondary flotation unit. The
latter method will produce a concentrate in which the grade of copper will
be increased and the bulk further reduced for shipping. The tailing from
the selective flotation (cleaner tailing) may be barrel-amalgamated.

A suggested flow-gheet is as follows:

(670 1 0-96 oz./ton
Mill Feed 4Silver.,..oececieirreiorirniiinininnes 1.8 ¢«
[070)1) 4T S 090 per cent

Ball Mill

Unit Flotation Cell

Classifier Spigot Concentrate

} 1 L )
Oversize  Overflow

[
Standard Flotation Cells

Jz Gold...... 0:045 oz./t. 5 jon... 0
Tailing{ Copper. ... Nil Bulk Coneentrate (I;Lgfé", ofconcentrat on . 81?1, 0z./ton
Silver.....0-16 0z./t. FHIVOTurerraerennenrenees 16:21
vesessssss 8:30 per cent
To waste To smelter
or
Regrind mill and
selective flotation

The indicated overall recovery of gold by utilizing the above flow-
sheet and based on the tests carried out on the ore sample submitted is
approximately 98 per cent.
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Ore Dressing and Metallurgical Investigation No. 62.

GOLD-SILVER ORE FROM THE BAYONNE CONSOLIDATED GOLD MINES,
LTD., NELSON, BRITISH COLUMBIA

Shipment. Two bags of ore weighing 120 pounds were received
April 23, 1935, from the Bayonne Consolidated Gold Mines, Limited,
Nelson, B.C. These were shipped on the advice of P. W. Racey, Con-
sulting Engineer, Vancouver, B.C. One of the bags contained oxidized
material, and the other oxidized and sulphide ore. This property is 23
miles from Tye station on the C.P.R., west of Kootenay lake, B.C.

Characteristics of the Ore:  The shipment consisted of a siliceous gangue
containing much oxidized material. Sulphides of iron, lead, and zinc were
present. Gold and silver also were present but owing to the oxidized
condition of the ore their relation to other minerals was not determined.

ExerriMENTAL TESTS

For this investigation, the contents of the two bags were mixed to-
gether and sampled. Analysis showed the lot to contain:
(€ 70) 1 0-90 oz./ton Lead....oovvvivneninnns 230 per cent
449 & Zi 080"

[0737):7: N 0.08
The test work included flotation, cyanidation, and amalgamation.

Flotation recovered 87 per cent of the gold, 53 per cent of the silver,
and 42 per cent of the lead, with a ratio of concentration of 16-2 : 1. The
concentrate contained 12-36 ounces of gold, 38-64 ounces of silver per ton,
and 146 per cent lead. Cyanidation extracted 97 per cent of the gold
and 80 per cent of the silver.,

FLOTATION, BLANKETING, CYANIDATION

Test No. 1

A sample of the ore was ground in water to pass 48 per cent through
200 mesh with 2-5 per cent remaining on 65 mesh. The pulp was then
passed over a corduroy blanket and the blanket tailing conditioned and a
?Otatioﬁl concentrate removed. The flotation tailing was then cyanided
or 48 hours.

Results:
Assay, oz./ton Distribution, per cent
Product Weight,
per cent Au l Ag Au I Ag

Feed (Cal)eriiiereenienninninnnns 100-00 0-87 4.34 1000 100-0
Blanket concentrate.............. 7-10 6-89 12:45 563 20-4
Blanket tailing..ooovviivenvinenifininnineenns 0-425 3815 |.vviiiniinnns PN
Flotation concentrate 221 8:18 48.88 20:8 24.9
Flotation tailing....vvevreiviernns 90-69 0-22 2:62 22.9 54-7




Cyanidation of Flotation Tailing:

Au Ag
T s N 0:22 oz. /ton 2.62 oz./ton
24-hour cyanide tailing,....coovrvrieenronrnrennieres 0-08 0.97 ¢«
48-hour cyanide tailing,....vovvevrierenenrrrenireens 0-045 ¢ 0.805 «
BExtraction.ceseeivicseeessrisnrinrsionanrssrossses 80+0 per cent 658 per cent

These results show that part of the gold is present as free gold and can
be caught on blankets. The blanket coneentrate was bulky, containing
mueh gangue and sulphides. Flotation also recovered some of the precious
metals. The silver assay of the flotation concentrate indicates that a con-
giderable part of the silver is present as sulphide.

Cyanidation of the flotation tailing indicates the possibility of ex-
tracting the gold and silver by this method. The assays of the 24-hour
and 48-hour eyanide tailing indicate the need of grinding finer than 48 per
cent —200 mesh.

Test No. 2

A sample of the ore was ground wet to pass 100 mesh with 74 per cent
—200 mesh., S8ix pounds of soda ash and 0:-10 pound of cyanide were
added to the grinding mill; 0-10 pound of butyl xanthate and 0-12 pound
of pine oil per ton were added to the flotation eell and a concentrate removed.
The flotation tailing was passed over a corduroy blanket to catch any free
gold not floated.

BResults:
s Assay, 0z./ton Distribution, per cent
Product VZ?%};& !
P Au Ag Au Ag
TFeed (cal)iieierieeernnviorannns 100-00 0-87 476 1000 100-0
Flotation concentrate............. 6-17 11.94 39-10 84.6 506
Blanket concentrate.............. 4.40 0.81 11.45 4.1 10.6
Blanket tailing,.....oovvveniinin. 89.43 0-11 2.07 1.3 38:8
Test No. 8

This test is similar to Test No. 2 with the exception that the flotation
tailing was not passed over blankets.

Results:
s Assay, oz./ton Distribution, per cent
Product Wefl%}el& !
pex Au | Ag Au Ag
TFeed (Cal).uverierrerreaeieninans 100-00 0-87 4.56 100-0 100-0
TFlotation concentrate,............ 5-08 12.28 40-66 839 53:3
Flotation tailing......ovvuvnvenes 94-02 0-15 2.27 16.1 46.7

There is a slight advantage to be gained by the use of blankets to trap
any free gold not floated. Test No. 2 produces a blanket concentrate eon-
taining 0-81 ounce of gold, 11-45 ounces of silver per ton. This is bulky,
representing 4.4 per cent of the weight of the feed. I this concentrate
were cleaned, most of the bulk would be eliminated and the gold recovered.
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Test No. 4

In this test, no cyanide was added to the grinding mill. Amyl xanthate
was substituted for butyl xanthate. In all other respects the procedure
was the same as in Test No. 3.

Results:
Produc Weight, Agsay, oz./ton Distribution, per cent
per cent Au l Ag Au I Ag
Feod (081)cvveersvervenererennnns 100-00 0-89 4-51 100-0 100-0
Flotation concentrate....cooveen... 887 8.13 30-53 81:5 60-0
Flotation tailing...ccvverenseneens 91.13 0-18 1:93 18+5 40+0

The omission of cyanide from the circuit made the flotation much
glower, and the froth was heavy and sluggish. The gold in the tailing was
higher and the concentrate more bulky and lower in grade than in Test
No. 3.

Test No. b

A test similar to Test No. 4 was made. The ore was ground with soda
ash, conditioned with sodium sulphide and floated. Poorer results were
obtained than those of Test No. 4. The concentrate was lower in grade
and the tailing loss about the same.

Test No. 6

In this test, finer grinding was adopted. The ore was ground wet
with 6 pounds of soda ash and 0-10 pound of eyanide per ton until 89 per
cent passed 200 mesh; 0-10 pound of amyl xanthate and 0-12 pound of
pine oil per ton were added and a flotation concentrate removed. The
flotation tailing was cyanided 1 : 3 dilution with 3-0 pounds of potassium
cyanide per ton solution. Ten pounds of lime per ton was added to supply
protective alkalinity.

Results:

Assay Distribution, per cent

Product Weight,

per cent| Au Pb Zn
0 ozl}ftim per c'ent per c'ent Au Ag Pb Zn

Feed (cal.).........| 100-:00 | 0.92 4.31 247 0-76 | 100-0] 100-0| 100-0 100-0
Concentratse........ 8:43 | 9-30 32:60 | 13.72 7:95 855 467 46-7 88-0
Tailing,........... 91.57 | 0-145 | 1.715 1-44 0-10 14. 53-8 533 12:0

Cyanidation Results—24 Hours’ Agitation:

u Ag
T 0-145 oz./ton 1.715 oz./ton
0-02 “ 0-67 ¢
Ixtraction....oceveeennanss Ceerencennes rerreaiseas 80:2 per cent 60+9 per cent
Reagents:
K reenes 2+6 1b./ton solution
L0702 -3 “




Reagent Consumption:
KCN..... GeerEsesstesettantesenttsanastsrasasaresnscantarts 1-2 1b./ton ore
9 . 1 «

Increasing the time of agitation to 48 hours did not increage the recovery.

These results indicate that the gold left in the flotation tailing is
readily soluble in cyanide solution, Flotation recovers 85-5 per cent of
the gold in the form of a concentrate. Cyanidation extracts 86-2 per cent
of the metal not recovered by flotation. A total recovery of 98 per cent
of the gold is, therefore, obtained by the combined processes.

Test No. 7

To note the effect of cleaning the flotation concentrate, a sample was
ground wet together with 6.0 pounds of soda ash and 0-10 pound of
cyanide per ton until 89 per cent passed 200 mesh; 0-10 pound of amyl
xanthate and 0-12 pound of pine oil per ton were added and a flotation
concentrate removed. This concentrate was -cleaned once, producing a
concentrate and a cleaner tailing,

Assay Distribution, per cent
Weight,
Product por cen’ A A o .
u X n
oz./fbn oz.};ton per cénq per cent Au Ag Pb Zn

Feed (cal.).. .1 100-00 0-87 4.48 2-13 0-93 | 100-0 ;{ 100-0 ) 100-0 100-0
Concentrate... 6-16 | 12.36 | 38-64 | 14-65 | 10-26 87-3 53-1 42-4 67-8
Cleaner tailing 1-78 1-62 | 26:32 4-36 5-08 3-2 10-2 35 9-4
Flotation tailing...| 92.11 0:09 1.79 1-26 0-23 95 36-7 54-1 22-8

Ratio of concentration—16:2 ;1

CYANIDATION

Large samples of the ore were ground dry in a disk pulverizer to pass
48, 100, 150, and 200 mesh. Four series of tests were made on samples
from these. They were cyanided with a 4:0 pound of potassium cyanide
per ton solution, 1 : 3 dilution for 48 hours.

Grind:

Soreen size —48-mesh | —100-mesh | —150-mesh
grind grind grind
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Test No. 8—Sertes I
Lime, equivalent to 12 pounds per ton of ore was added to each test.

Results:
Agita- Feed, Tailing, Extraction, Tlign/lttign, Consumption,
Mesh t%on, oz./ton oz./ton per conb solution 1b./ton ore
hours
Au | Ag Au Ag Au | Ag |KCNJ| CaO [KCN| CaO
— 48 it 24 0-90 | 4:49 [ 0:38 1.40 | 57-8) 687|386 [0-22]| 1.2} 11.3
—100.......000uue « “« “ 0-085 1-035 | 90+6 | 76-9 | 85 | 0:2 1.5} 11.8
—150. .00 vniniinnn “ “« “ 0-025 ) 0-835)97.2)80-3)|3-25)0-15) 2.2 11.5
—200.......... “ « “ 0025 | 0-915{97-279.6{38-1510-17( 2.4 11.5
— 48, . il 48 “ f« 0:49 1-40 | 45-6] 68-8 (384 (01 1.8 11.7
—100......... s « « 0-06 0-92 |93-3(79:5(82 |01 2.4 | 11.7
=150, 0iinnnnnns “ « “« 0-035 0-785 ) 96-1 | 82:5 | 8-1 0-1 2.7 11.7
—200....00000iunns “ « “ 0-03 082 | 96-7{81-7{2:95(01 3.1 11.7
Lb./ton
Ca0 added.... 12:0
PbhO added... 2:0
Results:
Acita- Feed, Tailing, Extraction, Tlilf;r:}zi%n, Consumption,
Mesh t%on oz./ton oz./ton per cent sol;.lti on 1b./ton ore
hours
Au | Ag Au Ag Au | Ag [KCN| CaO [KCN]| CaO
— 48 . i 24 0-90 } 4.49 [ 0-49 145 | 45:6 | 67-7 (85 | 0:25 1.5 11-2
—=100......00vuu “ “ € 0-105 | 1-015 | 88:3 | 774 { 3:4 | 0-25 1.8 ] 11.3
=160.0.0envinnnns « N “ 0-05 0-88 | 96-7180:4}38:25]015] 2:1 115
—200., “ “ “ 0-025 | 0-.895|97-2180-1]82 [015] 2:4] 11+5
— 48 48 “« “ 0-49 1-35 | 45-6]69-9|85 [(015] 1.5 11:5
—100...... «“ “« « 0-20 0-98 | 77-8(78-218-8|015| 1:-8| 11:5
—=150...000vuennns « « « 0-03 0-79 [ 9671824832 [0-08]|] 24| 11.7
—200...... . “ f “ 0-04 1.04 | 93:6{76-9(81 {010 2.7 11.

Test No. 10—Serzes 111

In this series, no lime was added at the commencement. Four pounds
per ton was added two hours before the end of the agitation period. The
solutions were cloudy and the pulp slow to settle. '

Results:
- . Titration Consump-
. Feed Tailing, Extraction ! s
Agita-~ ! 4 4 1b./ton tion,
Mesh ltion, oz./ton oz./ton per cent solution | 1b./ton ore
hours

Au | Ag Au Ag Au | Ag |[KCN]| CaO [KCN} CaO
— 48, . 24 090 ) 4.49) 0-075} 1.085|91.7| 758 2:9 | 0-05] 3-3 3:8
—100........ “ “ « 003 0-86 | 96-7 | 80-8 | 2-65 [ Nil 4.1 4.0
—150....... Ceeees «“ “ « 0025 0-735) 97-2188:1}2:35 o 4-9 4.0
=200 0. 00nnininns “ « « 0:02 1.13 | 978 | 74.8 | 2-15 « 55 4.0
— 48l e 48 ‘« “« 0:00 0-66 | 93-3|853|29 [0:05] 33 3-8
—100............. «“ “« “ 0:03 0-69 { 96-7 {8461 2-6 | Nil 4-2 4-0
—150.....c00ntnen “ “ « 0-025{ 0-625(972([861]2-3 « 5-1 4.0
=200 00 ihinninnn “ « “ 0-02 0-59 | 97-8 ) 869 | 2.2 o« 54 4.0
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Test No. 11—=Series IV

1 This series is the same as Test No. 10 with 2-0 pounds PbO per ton
added.

s : Titration, | Consump-
: Feed Tailing, Extraction ' :
Agita- ! ! ' 1b./ton tion,
Mesh 1:ion, oz./ton oz./ton per cent golution 1b./ton ore
ours

Au | Ag Au Ag Au | Ag [KCNj CaO [KCN]| CaO
— 48, i 24 0-90 | 449 | 0-06 0-99 |93.3|75-8(2:9 |0-05]|3-3 3-8
—100 “ « « 0-03 0-83 | 96-7 | 80-8 | 2-6 Nil | 4-2 4.0
.. . “ “ “ 0-02 0-71 | 97.8 | 83-6 | 2-45 ¢ 4.85 4.0
“ “ “ 0-02 0-70 | 97.8{84-4|2.85( « |4-95 4.0
48 «“ « 0-055 | 0-935 | 93.9 | 79-4 | 2-85 | 0-05 | 3-4 3-8
“« “ ¢ 0-025 | 0-645 | 97-2 | 85:6 | 2:6 Nil | 4-2 4.0
“ “ “ 0-02 0-60 | 97.8]84:6|2.45( ¢ | 4.65 4.0
“ “ “ 0-03 068 | 96.7 | 846 | 2-4 “ 4.8 4.0

These tests indicate that 97 per cent of the gold and 80 per cent of the
silver can be extracted within 24 hours from ore ground 85 per cent —200
mesh. When 12 pounds of lime per ton of ore is added at the commence-
ment, a cyanide consumption of approximately 2-4 pounds of potassium
cyanide or 1.9 pounds of sodium cyanide per ton is indicated. When the
lime is omitted until near the end of the operation, the gold and silver are
dissolved more rapidly from the coarser sizes, and a slightly higher recovery
is made from the finer sizes. However, there is indicated a consumption
of approximately 3-0 pounds of potassium cyanide or 4 pounds of sodium
cyanide per ton of ore. The settling rate is very slow.

Test No. 12

A sample of the ore was ground wet in a porcelain mill containing iron
balls until 89 per cent passed 200 mesh. The pulp was then diluted to
1:2-5 and cyanide added to make a solution strength of 4-37 pounds of
potassium cyanide per ton. Lime equivalent to 13 pounds per ton of ore
was added and agitation continued for 48 hours.

Results:
T 0-90 oz. Au/ton
aIlINE. s e vvrrrnnenenssnenssasansnerssssosssnssssstssassonsens 0:42 “
1 X (o 53-3 per cent
Reagents—
O N ira it tnaeencnsncsssanssssnssssssssassnvansaonens 2-9 1b./ton solution
(671 0 T 026 K
Consumplion— .
(] 37 Ib./ton ore
(6770 T . “

Test No. 13

To determine why such a low extraction was obtained in the previous
test, a sample was ground in the same manner with lime equivalent to
14 pounds per ton of ore and aerated in a Denver super-agitator (Wallace
type) for 4 hours. Cyanide sufficient to make a 3.0 pound of potagsium
cyanide per ton solution and 5-0 pounds of lime per ton were added.
Cyanidation was concluded after 48 hours.

23003—13
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)T 0-90 oz. Au/ton
DI, 1t vt et e teeaenneneaneeaaseeesanasansnsoascnsansnnanes 0-40 «“
013 3701 o P 55-5 per cent
Reagents—

O N i tiieenntenennearetansessteasisssssansasarssasassasanns 2.9 1b./ton solution

[0 SN 0-3 “
Consumption—

L0 A 1-251b./ton ore

[ P 18-2 “

The only apparent benefit derived from aeration prior to cyanidation
is the reduction in cyanide consumed. This is reduced from 3:7 pounds
to 1.25 pounds per ton of ore. During the aeration period, the lime in
solution is consumed, the solution titrating only 0-03 pound of lime per ton
at the end of the 4-hour aeration period.

Test No. 14

As only 50 to 55 per cent of the gold was extracted by cyanidation
when the ore was ground wet in a jar mill as against 97 per cent when ground
dry in a disk pulverizer, it was assumed that the small ball mill was not
grinding the gold, but merely flattening and hammering the particles so
that they were slow to dissolve. To check this point, a sample was ground
as in Test No. 12 and amalgamated. After removing amalgam, the
tailing was cyanided as in Test No. 12 for a period of 24 hours.

Results:
o O N 0-90 oz. Au/ton
Amalgamation tailing.,........ooviviivinnnns BN 0-265 “
ROV Oy v v rvt ettt anentarerensatersoaneraseseesnasnransanss 70-6 per cent
Cyanidation:
Feed—Amalgamation tailing........vvieriiiiiieeirveearenens 0.265 oz. Au/ton
24-hour eyanide tailing. ... o.vvuveeriiiiiriiitiiiaierierianiia, 0-055 “
0 271510 1 S 79-2 per cent
Reagent Consumaption— .
50 2+3 1b./ton ore
10T 0 122 «

Total recovery, amalgamation plus cyanidation 93-9 per cent. It is
apparent that the free gold in the ore which amounts to 70 per cent of the
total, is responsible for the low recoveries in Tests No. 12 and 13. To
obtain uniform high recoveries, this gold should be removed before the
pulp reaches the agitators.

SUMMARY AND CONCLUSIONS

As this property is-quite isolated and shipment of concentrate would
involve a long truck-haul followed by a rail-haul of 90 miles to the smelter,
it is imperative that the gold be recovered as bullion on the property or
that a high-grade concentrate of small bulk be produced.

Owing to the presence of sulphides of iron, lead, and zinc in the ore,
these minerals will tend to produce a bulky flotation concentrate. By
flotation 87 per cent of the gold and from 50 to 60 per cent of the silver
can be recovered in a concentrate assaying 12-36 ounces of gold, 38-64
ounces of silver per ton, 14:6 per cent lead, and 10 per cent zinc. From
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100 tons of ore 6-16 tons of concentrate can be expected, and 86 per cent

. of the gold in the flotation tailing is readily extracted by cyanidation,

giving an overall recovery of 98 per cent.

‘When the ore is ground 89 per cent —200 mesh, 70 per cent of the gold
is free and can be amalgamated.

The cyanide tests indicate that maximum extraction will be obtained
from ore ground approximately 65 per cent —200 mesh. A fairly strong
cyanide solution should be used, one containing from 4 to 5 pounds of
available potassium cyanide per ton, to obtain good silver recovery.

The presence of lime during the agitation period has a tendency to
decrease the rate of solution of the gold and silver. However, when no
lime is used, the amount of cyanide consumed becomes prohibitive. The
quantity of lime used should be kept at 2 minimum, only enough being added
to obtain a satisfactory settling rate in the thickeners. The amount neces-
sary to add will vary, depending on the degree of oxidation of the feed.

A mill to treat a small daily tonnage must of necessity be of simple
design. Single-stage grinding will be used with one classifier in closed
circuit with the mill.

The presence of free gold in the ore, unless locked in the grinding cir-
cuit by an elaborate system of classification, has been shown to produce high
tailing losses. This gold either must be removed prior to agitation, or
ground as fine as the gangue and sulphides. This gold could be removed
by jigging or caught on corduroy blankets.

The flow-sheet suggested for treatment of a small daily tonnage of this
ore is as follows:

Grinding should be done in cyanide solution with lime added to the
feed. This should pass to a tube mill capable of fine grinding. The mill
discharge should then pass to two or more concentrating tables of the
Wilfley type. The concentrates from these tables should be reconcen-
trated on another table where a narrow bead of gold concentrate could be
taken off, also high-grade lead concentrate. The tailing from all these
tables should go to a bowl classifier, the oversize from which should be
returned to the mill for further grinding. The classifier overflow adjusted
to give approximately — 200 particles should pass to a thickener and thence
through agitators where 24 hours’ contact should suffice to give maximum
extraction.

The gold concentrate from the table should be barrel-amalgamated and
bullion recovered. The lead concentrate, which should not amount to more
than 2- 6 tons from each 100 tons of feed, should be shipped to the smelfer.

The ore on which this investigation was conducted was a mixture of
oxidized ore and sulphide ore. Any change in the character of the ore
may change the metallurgy. There is the possibility that clean unoxidized
sulphides may not respond to the treatment as does this oxidized material.
When such ore is obtainable from below the oxidized zone, it would be
advisable to have this point checked to govern future mill operation.

23003—13%
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Ore Dressing and Metallurgical Investigation No. 630

COPPER-ZINC ORE FROM ABANA MINE, DESMELOIZES TOWNSHIP,
ABITIBI COUNTY, QUEBEC,

Shipment. A shipment of 9,835 pounds of ore was received March 16,
1934, and a further shipment of 90 tons was received on January 31, 1935,
from the Abana mine of the Normetal Mining Corporation, Limited, in
Desmeloizes township, Abitibi county, Quebec.

Arrangements for these shipments were made by M. . Fairlie, of
the Mining Corporation of Canada, Limited.

Character of the Ore. The ore consists of massive sulphides with a
minor amount of gangue material. The gangue consists of carbonate
(probably dolomite) and silicate, with some quartz; it oceurs as small areas
and grains included in the sulphide masses. The sulphides are pyrite,
sphalerite, chalcopyrite, pyrrhotite, galena and tetrahedrite (or ten-
nantite?). Though the sulphides are commonly intimately admixed, they
are usually rather coarse-textured, and even form large masses composed
chiefly of one or another of the individual sulphides; these large masses
contain small grains of other sulphides. A finer-textured phase of the ore,
which forms a lesser percentage of the whole, is fine-grained and the sul-
phides are intimately admixed, as is shown in Plate IA and B.

Pyrite is the first ore mineral formed, and is disseminated in cubes and
irregular grains. It is invaded and veined by pyrrhotite, chalcopyrite,
sphalerite, and more rarvely galena. Some portions of the ore consist
almost entirely of pyrite, and here a rather distinet banding is present,
indicating that this mineral has replaced a banded (or schistose) roeck.

Sphalerite occurs in large masses and small grains. It often has
included or partially swrrounded the pyrite grains. Numerous dots of
chalcopyrite, and, more rarely, pyrrhotite, oceur within the sphalerite.

Chalcopyrite also forms large granular masses. These masses usually
contain small corroded remnants of pyrite, pyrrhotite, and sphalerite.

Galena is not common, and occurs as small grains usually associated
with chalcopyrite. The galena contains rare small rounded grains of
tetrahedrite (or tennantite?).

Pyrrhotite is common and often forms rather large masses in chal-
copyrite. It also occurs as small dots in sphalerite.

The order of deposition of the minerals is as follows: Silicates (and/or
quartz); pyrite; pyrrhotite; sphalerite; chalcopyrite; galena and tetra-
hedrite (tennantite?); carbonate (dolomitic).

Analyszs Of Ore: Shipment No.1  Shipment No. 2

2:80 2-81
13-00 15.10
061 0-63

0:05 0-048
5:03 5+563
2327 24.45
2732 29.20
19-23 ...,
121
MaENesit.eesesierietieirnrsernsronnensrerissessersnnns 066 ...l

AUNMINSasasenesannetaserisrsiossoesssossnossorsssasens 0:10 el
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From the above analysis it can be seen that the shipments are very
similar. There was, however, a marked difference in the appearance of
he two shipments; Shipment No. 1 was clean, fresh ore from under-
ground, whereas Shipment No. 2 was taken from dump ore and was more
difficult to treat, owing to a certain degree of oxidation having taken place.

Purpose of Experimental Work. - The tests were conducted with the
object of obtaining metallurgical data for the purpose of estimating profits.
Two main schemes of treatment are under consideration: (1) The produc-
tion of a high-grade copper concentrate and a high-grade zinc concentrate
for shipment to respective smelters, and (2) the production of a bulk con-
centrate and consideration of the possibility of treating this bulk concen-
trate by the Waelz process.

The test work on Shipment No. 1 was confined wholly to the production
of a bulk concentrate, there being insufficient ore to carry out the selective
flotation tests. The work on Shipment No. 2 was for two purposes;
primarily, however, it was to produce a quantity of bulk concentrate for
shipment to Germany where arrangements had been made for tests to be
carried out by the Waelz process. .The second purpose was to complete
the experimental work in connexion with the selective flotation, in the
production of a copper concentrate and zinc concentrate.’

EXPERIMENTAL TESTS

Reference will first be made to the production of the bulk concentrate
for shipment to Germany. The actual results obtained were not so good
as those shown by the previous experimental work done on Shipment
No. 1. There are probably two reasons which would account for the lower
recoveries obtained: first, the ore was slightly oxidized; and, second, the
rate of feed was too great for the capacity of the flotation equipment.

The following is a brief summary of the test to produce the bulk
concentrate for shipment: : '

Total amount of ore used..... N R, reraees e 770 tons
Weight of concentrate produced......cceveierieaetanmniinreiivnenans . 2775«

Assays: . . -

Average of Average of Average of
ore ] concentrate tailing

2-81 per cent 6-42 per cent 0-43 per cent
15-10 ‘ +20 “ 2:70 -«

0_ 14 1.45 [3
0-045 0z./ton 0-09 oz./ton
5-53 « 10-78 «“

B IO 20-85 per cent
N T [P 36-45 «

The concentrate varied from day to day, the limits being 9-0 per
cent copper and 33 per cent zinc to 4-7 per cent copper and 317 per cent
zinc with tailing as low as 0-2 per cent copper and 1-4 per cent zine. At
times the tailing went to 0-66 per cent copper and 4-85 per cent zinc.



192

The theoretical recoveries, based on the feed sample of the entire
shipment and average concentrate and tailing obtained, are as follows:

Per cont
L8703 1 = PN 91
Zine....... 85
Gold.... . 80
1 SN 78

The tonnage of concentrate which theoretically should have been
produced is 30 -6 tons from 77 tons of ore. Therefore it can be assumed that
roughly 3 tons of concentrate was lost in settling, filling, and drying, which
is not unreasonable considering the equipment available for that purpose.

It is worthy of note that the tailing from every shift of the run assayed
0-02 ounce per ton in gold. Therefore it is safe to accept the theoretical
recovery of 80 per cent for the gold as definitely assured.

The remainder of the report covers the test work in connexion with
the production of a bulk concentrate by flotation carried out on Shipment
No. 1, and the selective flotation tests made on the rest of Shipment No. 2.

BULK FLOTATION TESTS ON SHIPMENT No. 1

The first series of tests conducted was on small batch lots of ore to
obtain data for the large-scale continuous tests. The results of the batch
tests are given in the following tables. Table I shows the reagents used;
Table IT shows the results of the tests; and Table III shows the
screen tests made on the feed.

TABLE I
Reagents Used in Batch Tests

’II‘\]('}gt Reagents . Lb./ton Added to
(S}oda _a(f,h ..................................... Ball ‘r‘nill
21011 L O
1 | Coppersulphate,..v...veeeeiniiiiinesineenens Tlotation cell
Potagsium ethyl xanthate.......ooovvvvvienen. «
Cresylicacid....ovinveieiiinniieieininnnne 5 “«
Soda a8h. st e i Ball ‘r‘nill

Yy
2 | Copper sulphate.............
Potagsium ethyl xanthate.... Cees
Cresylicacid...vviivrniriniiiiiieiniinneenes

Flotati‘gn cell

€«

(=52

Ball mill
{3

Flotation cell for Cu float
Flotati‘fm cell for Z‘l‘l float

o

Potassium ethyl xanthate....

Cresylicacid..ovveieiiiieeievrerenearsseennes “ «

[

Sodaash..ooiiiiiiiiiiiiiiii i Ball mill
(03 15 U - T N «

4 | Acrofloat No. 81.....oiiiieiinnieniiavinnanns 7 «
Copper sulphate......oovviveiaviiiieneneneins Flotati‘(‘)n coll

Potassium ethyl xanthate......oovevvieienens.
Cresylicacid....ccoovvviiiiiniiniiieeeiinnss

QHEOQFEOI OQHEODHOI OHEOHEOI OMHOMRO

OO-HOON OO=OON OO=ON OO=ot
w

13




TABLE IT
Results of Batch Flotation Tests

Weight Anaslysis
Test Units Distribution, per cent
No. Product Per Per cent Oz./ton
cent Zn | Pb | Au | Ag | Cu Pb Cu| Zn j Pb | Au | Ag
1 | Concentrate 32.2( 8-58] 40-0 | 1-84 0-03 | 11-52 59-2 88-3| 92-0| 76-4{ 17-7| 70-6
Middling 9.7 2-30| 7-62{ 0-87} 0-165| 8-20] 22-3 8-4 7-1 5.0 10-8| 29-3| 15-1
Tailing......coocveen 58-11 0-25| 0-65| 0-17| 005 | 1-29] 14-5 9-9 4.6 3.0/ 12-8 53-0| 14-3
Total.......... 100-0| 3-13| 14-0{ 0-78 0-05 | 5-25; 313-1 77-5 100-0| 100-0{ 100-0| 100-0{ 100-0
2 | Concentrate......... 27-9| 10-04] 30-18| 2-14| 0-06 | 14-00( 298-2 63-6 9.0 65-3| 87-6] 27-9| 76-4
Middling............ 14-2| 0-78] 12-32| 0-43] 0-10 | 4-23| 11-1 6-1 3.5 12-7| 8-4] 22-3| 1i-1
Tailing.....ccovveeen 57-9] 0-14] 4-20| 0-05] 0-055 1-18] 8-1 2.9 2-5 22-0| 4-0f 49-8) 12.5
Total..eeiaenn. 100-0{ 3-17| 13-7 | 0-73| 0-064] 5-44] 317-4 72+6) 100-0| 100-0| 100-0| 100-0| 100-0
3 | Cu concentrate....... 13-6| 18-40| 16-70| 3-64] 0-04 | 17-54] 250-2 49-5 - 87-4 17-0| 71-1 9.8 53-6
Cu middling......... 4-7| 3-14{ 16-75 1-0 | 0-13 9-52| 14.7 4-7 44-7 5-2 6-0 6-7| 11-0| 10-0
Zn concentrate....... 14-7f 0-20] 53-8 { 0-4 | 0-03{ 2-34 2.9 5-9 34-4| 1-0| 59-4; 8-51 80 7-8
Zn middling......... 9-6/ 0-90| 19-5| 0-4 1 0-08} 4-01 86 3-8 38-5| 3-0| 14-0| 5-5| 14-0[ 8-6
Tailing.....coveeeens 57-4{ 0-17| 0-83 0-1} 0-055{ 1-55| 9.8 57 89.0 34 3-6] 82 57-2] 20-0
Total.. 100-0| 2-86( 13-32| 0-07; 0-055 4-45| 286-2 69-6) 445-1( 100-0; 100-0| 100-0| 100-0 100-0
4 | Concentrate......... 2471 9.66| 36-3 |...... 0-12 | 13-9 | 238-6{ 897|...... 343-3| 86-5 68-5|...... 49-11 64-2
Middling............ 22.5 1-38 13-56...... 0-09 | 6-15] 31-0f 305|...... 138-4] 11-2} 23-3)...... 33-5] 25-9
Tailing....ccvvnnrnnn 52-8 0-12[ 2-05)...... 0-02 1-0 6-3| 108|...... 52-8 2-3 8:2[...... 17-4f 9-9
otals. 100-0] 2-76f 131 |...... 0-06 | 5-3 ) 275-9] 1310{...... 534-5| 100-0f 100-0|...... 100-0{ 100-0

86T
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TABLE III
Screen Tests
Batch Test No. 1 Batch Tests Nos. 2, 8, and 4
Woeight, Weight
Mesh per cent Mesh per cent
o SRR PN TN . +-100.... N R .
— 654100............. 0-4 —+150 1.7
—1004-150........... 59 ~150--200 RN 238
—1504-200........... 31-5 —200..000vinnens s 745
=200, 00t inreaienes 62-2 ‘
Total..o.ovvvvvavennn 100-0 Totalievervevirnnsnss 100-0

Eemarks. Attention is drawn to the results obtained in Test No. 4
where 91-8 per cent of the gold reported in the combined concentrate and
middling and a tailing assay of 0-02 ounce per ton was obtained. If the
reagents used are checked this additional recovery can be credited to the
use of Aerofloat No. 31.

LARGE-SCALE CONTINUOUS TESTS

The flow-sheet used in these tests was briefly as follows:

The ore was crushed to }-inch size and fed to a 4-foot by 80-inch ball
mill operated in closed circuit with a 15-inch classifier of the Dorr type.
The feed rate was 1 ton per hour. The classifier overflow went to a con-
ditioning tank and then to a 10-cell flotation unit. The concentrate was
recleaned once.

Table IV gives the reagents used; Table V gives the results; and
Table VI gives the screen tests.

TABLE 1V
Reagents Used in Continuous Tests

Test Reagents Lb./ton Added to
Soda agh........ RPN v e 25 Ball mill
Cyanide,..,... Cereee Ceverrararaas vy 0:2 £
Aerofloat No. 81..u.vvvvivvanireenanns e 0-07 «

1 | Copper sulphate............. Cerer e ereer ey 1.0 Conditioning tank
Potassium ethyl xanthate....vveeiverrieninrenensens 0-075 «
Potassium ethyl xanthate.......... N 0:035 | To Cell No. 7
Cresylic 2cid. . uveevrervrrrnraneens 0-015 «

S0da ash. coivi i i e e 2+5 Ball mill
Cyanide,........ Cevrenrsararares e 0-2 «
Aerofloat No. 3L, ...eevvunn.ns Chresear i reeiiarairas 0-07 “«

2 | Copper sulphate.............. PN .. 1.0 Conditioning tank
Potassium ethyl xanthate,..cuversrerreneanrennes e 0-075 «
Potassium ethyl xanthate...ecovuvvnnvvvneiinnses v 0:015 | To Cell No. 7
Cresylic acid...o..vvevunennn, e rearrierar ey 0-036 “

Soda ash...ovivivriviniennns Cheeararerararanes 3-1 Ball mill
Cyanide...,. PP 0-25 «
Acrofloat No. 31......... Cerereres 0-1 “

3 | Copper sulphate.......... RN 1.2 Conditioning tank
Potassium ethyl xanthate..... . 0-12 «
Potassium ethyl xanthate....... . 0-044 | Cell No. 7
Cresylie acid.......... 0-02 «

......... 3.1 Ball mijll
1.12 «
1 0-11 «

4 | Potassium ethyl xanthate...., 0:15 | Conditioning tank
Copper sulphate.......... - 1.22 «
Potassium ethyl xanthate Ve 0-1 Cell No. 7
Cresylic acid....c.c0venn. N e ier e 0-06 «




TABLE V

Results of Continuous Flotation Tests
(Feed rate = 400 to 500 pounds per hour)

Analysis Distribution,
r‘[l:?g? Product Per cent Oz./ton per cent Remarks
Cu Zn Au Ag Cu Zn Au
1 | Feedovinviiineiannnnnnn 3-16 | 14-55 | 0-03 5.27  100-0! 100-0 | 100-0 Note fine grinding used—87.7
Concentrate............. 10-95 | 37.00| 0-08 15-96 99-0 93-5 76-4 per cent —200 mesh.
Toiling..... . 000sueenens 0-04| 1-.05| 000 | ‘0-83) "1-0| 65| 23-6
Totale..vvnnrnens 3.16 | 11-33 | 0-03 5.16 | 100-0 | 100-0 | 100-0
[
2 | Feed 3-19 | 14-45| 0-03 5-3 100-0 | 100-0 | 100-0 77-7 per cent —200 mesh. g
Concentrate 9-68 | 40-10¢{ 0-06 11-7 92-8 87.6 57-4
iling 0-34 2-58 | 0-02 1-36 7-2 12-4 42-6
3-23 | 14-21| 0-032 4-7 100-0 | 100-0{ 100-0
3 | Feedoooieviiiinanan.n 2-8 13-55 | 0-037 5-12 | 100-0 | 100-0 [ 100-0 80 per cent —200 mesh.
Concentrate. ... 8-42 | 41-80( 0-055§ 12-72 90-7 90-0 53-8
Tailing......... 0-37 2:00 | 0-02 1.56 9-3 10-0 46-2
2-8 13-8 0-031 4.9 100-0 | 100-0 [ 100-0
4A 2-92 | 13-45| 0-035 4.36 | 100-0 | 100-0 | 100-0 Note effect of reducing amount
6-28 | 27-50 | 0-06 10-50 97-5 98-7 83-5 of cyanide—79+5 per cent
0-14 0-33 | 0-01 0-52 2-5 1-3 16-5 =200 mesh.
2-92 1 12-63 | 0-033 5-0 100-0 { 100-0 | 100-0
4B 6-14 | 29-00 { 0-07 10-0 97-7 97-3 86-0
0-13 0-52 | 0-01 0-64 2-3 2-7 14-0
2-92 | 13.83 | 0-04 4.98 | 100-0 | 100-0 | 100-0
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TABLE VI
Screen Tests

Test No. 1 [ Test No. 2 | Test No, 3 | Test No. 4

Weight, Weight, Weight, Weight,
per cenb per cent per cent per cent

Mesh

.
S| BBcocor
ol hosso

Q0

=200, .. e e 87.

0.
1.
3
4.
0.
0.
0.

o owRHWS

10 100-

Discusston on Gold Recovery. Tt can be seen from these results that
in order to obtain a high recovery of the gold it was necessary to float
considerable pyrite. The conditions maintained in Test No. 4 gave the
highest recovery of gold, namely, 835 to 86 per cent.

A study of these results will also show that there is evidence which
points to the presence of free gold in the ore. It will be observed that the
feed sample ran 0-05 ounce in gold and that the classifier overflow or feed
to the flotation cells contained only 0-03 ounce, indicating that gold was
accumulated in the grinding cireuit.

The recoveries shown in the table are calculated on the 0-03-ounce
feed, which is the classifier overflow, and if there had been sufficient ore
to have continued running, the gold would no doubt have accumulated to
a point where the classifier overflow would have gradually inecreased in
gold content and finally reached the assay of the feed to the mill.

SELECTIVE FLOTATION TESTS ON SHIPMENT No. 2
These tests were run with a feed rate of + ton per hour.
The flow-sheet used was briefly as follows:

The ore, crushed to %-inch size, was fed to a 4-foot by 30-inch ball
mill in closed circuit with a Dorr-type classifier. The classifier overflow
went to an air-conditioning tank where the pulp received a 15-minute
aeration, Compressed air was used and entered the tank under a head of
five feet of pulp. The overflow of the air conditioner went to a second
conditioner or surge tank where certain of the reagents were added. The
overflow of this tank went to a 10-cell flobation machine. The pulp entered
cell No. 2. Cells Nos. 2 and 3 made a concentrate that was recleaned in
cell No. 1, which produced finished concentrate. Cells Nos. 4 to 10 made
roltiglléer concentrate which was returned and joined the feed entering
cell No. 2.

The tailing from the copper circuit went to a second conditioning tank
and then to a bank of 13 cells for the zinc flotation. The feed entered
cell No. 4, and cells Nos. 4, 5, and 6 made a concentrate that was recleaned
in cells Nos. 1, 2, and 3, from all of which there was produced finished
concentrate. Cells Nos. 7 to 13 produced rougher concentrate, which was
returned with the feed to cell No. 4. '




TABLE VII

Results of Continuous Selective Flotation Tests
(Feed rate = 500 pounds per hour)

Assay
Distribution, per cent
'lll?st Products Tons Per cent Oz./ton Remarks
0.
- Cu Zn Au Ag Cu Zn Au Ag
3 | Feed (class. overflow)...| 100-00 2:50 | 15-30 | 0-025 [ 3+425 |.v.e.vvnifeveenainfenncnasafienineann Recoveries figured on totals of
Cu concentrate.... 9.9 23-40 9-25 1 0-14 | 33-46 93-9 5.9 54-4 71-3 products.
Zn concentrate 25-9 0-48 | 55-25 | 0-02 2.98 5-0 91.7 20-3 16-0 | Screen test:
Tailing 64-2 0-04 0-60 | 0-01 0-87 1.1 2-4 25-3 12-7 4100 = (-8 per cent
100-0 2.47 | 15-6 0-025 3-6 100-0 | 100-¢ | 100-0 | 100-0 —1004-150 = 2-8 «
—1504-200 = 9-4 «
—200 = 87-0 “«
4 | Feed............ 100-0 2-92 | 15.21 | 0-02 2 & A R PRSI IR I Recoveries figured as above.
Cu concentrate. . 10-8 23-80 9-33 0-15 | 35-91 84-0 6-5 58-7 695 | Screen test:
Zn concentrate.. 24-9 0-87 | 54-25| 0-02 376 7-0 89.5 18-1 16-7 4100 = 0-7 per cent
Tailing........ .| 64-3 0-43 0-93 | 0-01 1-19 9-0 4.0 23-2 13-8 —100+4-150 = 2-5 f«
Total....coeveenen. 100-0 3:06 [ 15-1 0-028( 5-6 100-0 | 100-0 { 100-0 | 100-0 —1504-200 = 9-9 “
—200 = 86-9 «
5 | Feed.oovvervniniinnnnn. 100-0 2-50 | 15:10 | 0-025 | 405 |..c...ifeenenneifennareiaianannns Recoveries figured as above.
Cu concentrate...........| 97 23-9 8:90 { 0-10 | 35-02 90-7 5-9 39-7 66-7 | Screen test:
Zn concentrate........... 23-8 0-63 | 54-65| 0-02 4.20 5-9 88-4 19-5 196 4100 = 0-6 per cent
Tailing, .. c.vveeeennennn 66-5 0-13 1-25 | 0-015 | 1-056 3.4 5-7 40-8 13-7 —100+150 = 2-5 “
Total..coceeenenn.. 100-0 2-55 | 14-7 0-024¢ | 5-09 100-0 | 100-0 | 100-0 | 100-0 —150+4-200 = 8-5 «
—200 = 88-4 «
6 | Feed.oovvneviieniiannnn. 100-0 2.96 | 15-0 0-02 477 e Recoveries figured as above.
Cu concentrate...........] 10-7 24-44 8-62 | 0-15 | 34-09 88:6 6.1 58-2 68-2 | Screen test:
Zn concentrate...........| 25-8 0-78 | 52-41 0-02 3-18 6-7 89-5 18-7 15-3 +100 = 1-1 per cent
Tailing..ovveinaennnnn. 63-5 0-22 1-06 0-01 1-39 4.7 4.4 23-1 16-5 —100+4-150 = 2-5 «
Total..ooeevenann.. 100-0 2-95 15-1 0-028 | 5-35 100-0 | 100-0 | 100-0 | 100-0 —-;‘gg+200 = égQ ‘:
- = 85-5 «

161
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Six runs were made in all and the results are given in the accompanying

tables.

Runs Nos. 1 and 2 are not reported, as the results were poor

owing to difficulties in obtaining the correct kinds and amounts of reagent.

Summary of the Results of Selective Flotation Tests:
The ore was ground to approximately 85 per cent through 200 mesh.
The reagents used in Tests Nos. 8 to 6 inclusive were:

Reagent Lb./ton Added to
Soda ash...... PN Cereeneenae e 3.0 | Ball mill
Cyanide.....o.vcvnvvneen eerreraanes . . 0-13 «
Butyl xanthate.....vieiiiiriireirieiiireinenes 0:05 | Cu conditioning tank
Pine oil..o.iviiiiveniniiiiienieinenas 0-03 «“ “
Butyl xanthate....oveeieiirireniinnes 0:03 | Cu cell No. b
221 T 0-03 “ “
Copper sulphate......... ettt Cereeeenen . 1-0 | Zn conditioning tank
Amyl xanthate,..ocoveevivvneiinis 0-21 “ «
Pine oil,....o.vuven N 0:06 “ “
Amyl xanthate...oovveiiiiieieiiienns 0-08 [ Zn cell No. §
Pine oil.........0s N 0-06 “« «
Amyl xanthate...ovviiiiniiiniiiier i iiiineiiaenns 0-04 “ No.7
Recoveries: Por cent
The €OppEr recovery mdlcated is approxmmtely ...... it eieitieereserees 90
The zine recovery indieated is approximately.........c.eeervivens venaae 90
The gold recovery in the copper coneentrate is appronmately ..... vereenn 55
The silver recovery in the copper conecentrate is approximately........... 68

Grade of Concentrate:

The copper concentrate averaged about 24 per cent copper with 9 per

cent zinc and 0-15 ounce in gold and 35 ounces in silver.

centrate averaged about 54 per cent zine.

Zinc and Copper Concentrates Combined.

TABLE VIII

The zinc con-

If the copper and zinc con-
centrates from the selective tests are combined to form a bulk concen-
trate, the following results (calculated) will be obtained:

Assay
Distribution, per cent
']Izlgst Product Tons| Per cont Qz./ton

o.

Cu) Zn | Au | Az | Cu I Zn I An | Ag

8 | Feed.ivvvvvvverevninnnennen | 100-0[ 2-5 | 15-30] 0-025] 3+425[. ..oulevvrealernonnlonarne

Bullc concentrate. ... ......ee 35-8/ 6-8 ) 39-8 [ 0-053]11-5 08.9| 97-6| 74.7) 87.9

Tailing..covvrrvrenannss eeeen 64.2( 0-04| 0-60| 0-01 | 0.087[ 1.1 2.4 25-3f 12.1

(01711 FS ..| 100-0[ 2-47] 15.6 | 0-025| 3-6 | 100-0| 100-0| 100-0| 100-0

4 | Feed.ioiivineiineirineninnens 100-0f 2-92] 15.21f 0:02 | 377 {..ovv|everefevriefenennn

Bulk concentrate...... R 85-7| 7-8 | 40+6 | 0-06 {13+5 91.0] 96-0] 76-8 86-2

Tailing, ., Creeariaaes . 64+3) 0-43] 0-93) 0-01 ) 1.19 0.0 4.0 23-2| 13-8

Total tevereresvesesse.| 100-0] 3-06| 15-1 | 0-028} 5.6 | 100-0] 100-0| 100-0; 100-0

5 | Feedoviieiiviiiiinninennns ...] 100-0) 25} 15.10] 0-025{ 4:05 }......])...... evens teeves

Bulk concentrate. PPN 33-5| 7.4 |41-4| 0-043[13-10 | 96-6{ 94-3[ 59-2| 86-3

Tailing..eoveeenneniinenns ....| 66-5 0-13| 1-.25| 0-015| 1.055| 3-4| 5-7| 40-8| 13-7

Total..iveeviiireennnns 100-0) 2-55} 14.7 | 0-024! 5-09 { 100-0} 100-0} 100-0; 100-0

6 [ Feed..oovvivnniuireinnennnnss 100-0] 2:96] 15:0 [ 0:02 | 4-77 [...vvs]eneeecdennaed]s

Bulk concentrato, ,.......o.. 36-5| 7-7139-510:06 {12.2 95-3| 905-6{ 76-9{ 83-5

ailing..... ereeeirareannae 63-5 0-22| 1.06 0-01 | 1-39 4.7| 4.4 23-1 16-5

otal.....oooviiiinien, 100-0| 2-95] 15-1 | 0-028| 5-35 | 100-0l 100-0l 100-0| 100-0
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CYANIDATION OF TAILING FROM SELECTIVE FLOTATION TESTS

A sample of the flotation tailing was cyanided for 48 to 72 hours at
1 ;3 dilution with a solution strength of 3-0 pounds of potassium cyanide
per ton of solution, with 20 pounds of lime per ton of ore.

Results:

Teed assay of flotation tailing......oovviiiiiennns veel0-02 oz./ton in gold

2.18 % insilver
48-hour tailing....ovvvvvvrinernnins PN ..0:006 “  ingold
T2hour L iiiieiiiiiiieeiie i e 0.005 “ «“
Bxtraction.cveuseriiernsiionisinironsiisrisnanironees 75-0 per cent
Cyanide consumption.....oovvvieivrsrsrrnerornnrneens 12:0 1b./ton of ore
Lime it e rie e 18:2 “ “

CYANIDATION OF A TABLE CONCENTRATE

Some of the tailing from the selective flotation tests on Shipment
No. 2 was run over a Wilfley table and a sulphide concentrate made.

A sample of this concentrate was cyanided.

Results:
Assay of concentrate............ bt aee ettt rreees 0-03 oz./ton in gold
2.65 “  insilver
Assay of 24-hour eyanide tailing.........cvvvvvivensinrenns 001 “ ingold
LK 72-hour ¢ et ierr it 0-01 ¢ “

Extraction.....oooeiininses ettt aearares 66+7 per cent
Reagent Consumption—

Cyanide (KON ...ovueessvaseerorsertsaserocisossenons 6:6 lb./ton

LAme (Ca0)euevrveninrnenseinnnonseioissssonssonsiones 7.8 “

DISCUSSION OF GOLD RECOVERIES

It is very difficult to draw definite conclusions from the results of these
tests, but the evidence indicates that a higher recovery of the gold is
obtained when bulk flotation is practised than when selective flotation is
practised and the two concentrates are mixed together. Of course, it
would in all probability be possible, by making a low-grade zinc concentrate,
to increase the gold recovery to a point where it will coincide with the
recovery obtained in the bulk flotation. .

It is apparent that the gold recovery increases with the amount of
pyrite floated, and there is also evidence to support the conclusion that the
gold recovery increases with finer grinding for a given grade of concentrate.

The reason why it is difficult to draw definite conclusions is that the
gold builds up in the classifier ball mill circuit. Attention already has been
drawn to this condition.
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Ore Dressing and Metallurgical Investigation No. 631

HIGH-GRADE GOLD ORE FROM BURWASH YELLOWKNIFE MINES, LTD.,
YELLOWKNIFE RIVER, MACKENZIE DISTRICT, NORTHWEST
TERRITORIES

Shipment. A shipment of gold ore, weight 110 pounds, was received
on April 27, 1935, from the Burwash Yellowknife Mines, Ltd., Mackenzie
district, N-W.T. The sample was submitted by S. Taylor, of the~Bear
Exploration and Radium, Limited, 85 Richmond St. West, Toronto, Ontario.

It is proposed to operate a small plant handling around 5 tons per day.

Characteristics of the Ore. Twelve polished sections were prepared and
examined microscopically for the purpose of determining the character of
the ore.

The gangue is chiefly impure smoky grey quartz. This contains in-
clusions of light grey to greenish grey, fine-textured rock.

The metallic minerals ave present only in very small quantities. Pyrite
is most common, occurring as sparsely disseminated grains of medium to
small size. Very small amounts of galena, chalcopyrite, arsenopyrite,
pyrrhotite, and sphalerite occur as small grains in quartz, and a little
“limonite’ is present as stains.

Native gold is common. As can be seen from Table I, about half of
the gold is free in the quartz and about half is associated with sulphides.
The most frequent associates are pyrite and pyrrhotite; the rare associates
are galena and a light grey mineral which occurs in such tiny grains that
it was not determined.

Table I shows the result of quantitative microscopic analysis entailing
the measurement of 479 grains of gold.

TABLE I
Grain Size of Gold
Gold
Gold free | associated Total
Mesh in quartz with gold
sulphides
per cent per cent per cent
L TS 7.5 274 34-9
— 054 100... 55 7-6 13-1
- 100-}- 150... 6-3 26 8.8
— 150+ 200... 6-2 2-4 86
— 200} 280 3.8 30 6.8
- 280 400 4.8 1.7 65
~— 400-}- 560 4.7 1.4 61
— 560 800... 4.7 1.2 59
- 800--1100.., 3:0 0:6 3:6
—1100-+1600. .. 2-7 0-4 31
—1600-}-2300 1:2 0-2 1.4
2800, e et i er e e aas 11 0-1 1-2
51+5 485 100-0
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The microscopic analysis shows that the bulk of the gold is of coarse
gize and should be amenable to simple treatment with moderate grinding.
It is probable, however, that in order to effect high recovery, fine grinding
and cyanidation will be necessary at some stage in its treatment, because
of the minor portion of gold in a fine state of sub-division.

Sampling and Assaying. The ore was crushed and sampled by stan-
dard methods for a high-grade ore. The feed sample assayed as follows:

11670 1 16-88 oz./ton
[ 1.97 “

Test work comprised hydraulic classification, blanket concentration and
amalgamation tests. The results of the tests indicated that the best
grinding size for concentration was around 48 per cent —200 mesh.
Over 90 per cent of the gold in the ore is free-milling. Cyanidation by
sand percolation was also carried out on the amalgamation tailing.

ExXPERIMENTAL TESTS

Test No. 1

A sample of ore was ground in an Abbé pebble jar for ten minutes
and the pulp then fed to a hydraulic classifier. The object of the test
was to determine the amount of free gold that can be separated by gravity
methods.

. Assay Distribu- Ratio of
Product Wel%gt% Au, ’ tion, concein-
per cen o0z./ton per cent tration
YT 100-00 16-88 100-00
Coneentrate. . ..o.viverivireesriniiisrenneens 0-94 1215-72 67-03 106:3 : 1
OVerfloW..uuvivi e iieiieiiinneeneinernnnns 99-06 5675 32.97
Screen Test on Overflow: Weieh
eight
Mesh per cent
B 17 P 05
I 1 9:3
e 1 16-8
R 248
1] 1 R 48-6
100-0
AMALGAMATION
Test No. 2

A sample of the ore was ground wet in a pebble jar for ten minutes.
The pulp was then barrel-amalgamated for one hour with 100 grammes of
mercury.

Gold infeed..viviiierrierreererrienssesosresrssiiresssieeiiansrsnes 16-88 oz./ton
Gold in amalgamation tailing.......covviivioiereirieirseriieiecenes 1.10
Gold recovery by barrel amalgamation....oevevsiiiiiiienirioiencies 93-48 per cent
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Test No. 3

In this test the sample was given a twenty-minute grind before amal-
gamation.

Goldinfeed..........oicererusuneeeeceieinneann, eeeeasnearnesiie..16:88 oz/ton
Gold in amalagmation taIHNE. cv.veeeveirreresrrerrenseeerereennss 0-71
Gold recovery by barrel amalgamation...... tetsaeseseseransne «e...95-79 per cent

Screen Test of Tazling:

Weight,
Mesh " per cent
+100... : ; . ;
+150..
+200. .

Test No. 4

A sample of ore was ground for ten minutes and the pulp passed over
an amalgamated plate.

Goldinfeed......couvvierirniennennenenncenss easessrenatarennans 16-88 oz./ton
- Gold in plate talling..c.cccvuveerraannrensensennns P PN 4.18
Goldrecoveryonplate.........,..... ....... eeeseiesacaresesice-oie 0024 per cont
Test No. 6
In this test the ore was ground for twenty minutes.

Gold infeed.......covuuenn S ........‘...168805413011
Gold in plate tailing....ocerervneeannererrrnnneraeeessnsnssnesasanes 6-54

Gold recovery on plate....eoeenernerennanans Creesreeneens ceeresened60-68 per cent

The tests indicate that the coarser grind accounts for a higher recovery
of the gold:

BLANKET CONCENTRATION

In the three tests the ore samples were ground to apprdximately the
following sizes; 48 per cent —200 mesh, 66 per cent —200 mesh, and 76 per
cent —200 mesh. The pulp was passed over a corduroy blanket strake.

Test No. 6 (Ten-minute grind):




Test No. 8 (Thirty-minute grind):

. Assay, Distribu- Ratio of
Product w:l%g;% . Au, tionm, concen-
pe 0z./ton per cent tration
100-00 100-0
0-13 9851-91 81-9 769-2:1
99-87 2-83 18-1

The results of the tests on blanket concentration indicate a higher
recovery of gold in the case of the coarsest ground ore, and a higher grade
concentrate with the finest ground ore.

AMALGAMATION AND CONCENTRATION
Test No. 9

This test was run with the object of approximating on a laboratory scale
the results that might be expected with a stamp mill and amalgamation plate.

A sample of ore was ground. dry to pass a 28-mesh screen. The ore
was then barrel-amalgamated in a 1 :1 pulp with 5 per cent of mercury
(100 grammes) for one hour,

The results are as follows:

Goldinfeed.....covvveeeairaearneeans e eeereain. i ereniereean e 16 88 oz. /ton
Gold in taIling. ... v veveeaiensaensirantneetaressetiesacronsesasanas

Gold TECOVEIY e en et cesnnnranas A . ,...75 47 per cent

Screen Test on Amalgamation Tailing:

.
.
.

100-0

Test No. 10

In this test the sample of ore was ground dry to pass a 28-mesh screen
and barrel-amalgamated as in Test No. 9. The amalgamation tailing was
then fed to a laboratory Wilfley table.

Gold recovery by amalgamation was 78-67 per cent.

Results of Table Test on Amalgamation Tailing:

: Asgay, Distribu- Ratio of
Product Wegh;'% Avu, tion, concen-
per ce oz., /ton per cent tration
CONCENETALE. . o' veersennrennenseransnnnens 7.23 22.60 45-37
Middlng.:..veveveneerareanenns fecinesecnen '10-03 4.27 11-89 13-83:1
1 S N 82-74 1-86 42-74

Reoavery of gold in table concentrate: 45-37 per cent of (100 —78-67) = . 9-68 per cent.
200314 _
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Test No. 11

The sample of ore was ground and barrel-amalgamated as in the above
test. The tailing was then fed to a corduroy blanket strake.

Gold recovery by amalgamation was 78-44 per cent.

Results of Blanket Test on Amalgamation Tailing:

Assay, Distribu- Ratio of
Product Weight, Au, tion, concen-
per cent oz./ton per cent tration
ConContIBte. oo vt iviirenererrraneenreneenes 1.94 53-08 28.30 51-56:1
B 14172 98-06 2-66 71.70

Recovery of gold in blanket concentrate: 28-30 per cent of_ (100 — 78:44) = 6-10 per cent.

A screen test on the blanket tailing indicated a grinding size of 26 per
cent —200 mesh.

Test No. 12

In this test the grinding and amalgamation were carried out as in the
above tests. The amalgamation tailing was reground, however, before
passing over the blanket.

Gold recovery by amalgamation was 80-57 per cent.

Results of Blanket Test on Reground Amalgamation Tailing:

Assay, Distribu- Ratio of
Product Weight, Au, tion, concen-
per cent oz./ton . [ per cent tration
Coneentrate. . .oviiviiiiiiiiiiiiiiieneans 1.11 80-54 27.28 90-1:1
Tailing. . it ie ittt it rr e 98-89 2-41 72.72

Recovery of gold in blanket concentrate: 2726 per cent of (100 — 80-57) = 5-30 per cent.

Screen T'est on Tasling:
Mesh Weight,

CYANIDATION

Test No. 18

A sample of ore was ground dry as in the previous tests and barrel-
amalgamated with mercury. After separation of the mercury from the
pulp, the tailing was fed to a hydraulic classifier to separate the slimes
from the sands.
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The sand was dewatered and fed to a glass tube, fitted at the bottom
with a stop-cock. The height of the column of sand in the tube was

33 inches. A weak solution of lime water was first allowed to percolate

through the bed. This was followed by a solution of cyanide of strength
equivalent to 5 pounds of potassium cyanide per ton. During the night
the golution stood on the bed. The second day a weaker cyanide solution
(2-5 pounds of pobtassium ecyanide per ton) was fed to the bed and the

golution was allowed to stand on the bed during the second and third

nights. The time of contact was approximately 72 hours.
The results of the test are as follows:

Assay of amalgamation tailing—Au.....c.vverrerrnririrreonrenranes 2:97 oz./ton

Recovery by amalgamation......... et it itaea e aeesaaras 82.40 per cent

Classification of Amalgamation Tailing:

. Asgsay, Distribu~
Product VZ?%I;:% Au, tion,
P oz./ton per cent
Feed..oovivnvviiinnnns e st eter e it aieh et beraas 10000 2:97 10000
115440 PN 18-88 330 20-98
23 116 eirerena 81-12 2:89 79:02
Sand Percolation:
Ratio of solution to solid—approximately 85 : 1.
Consumption of cyanide—approzximately 8 pounds per ton of sand.
Screen Test on Sand Tasling:
Weight
Mesh per cent
............ 7-1
¥ teusernrirarEn b anyy 16:6
F150., i, . 13-2
cerereins 13-3
................ Crrerarisaraees 12.4
. 160+0
Gold in classifier sand.................. cervassessavessnrsnsessanes.2:89 0z./ton
Gold in percolation tailing............ PPN | 13- 1 B
Recovery of gold by eyanide percolation from sand....... verveesss.87+89 per cent
Summary of Test:
Percentage of amalgamation tailing removed from circuit by
e-BlIMINEZ, v v e et ae e ve.e..18:88 per cent
Gold (not recovered) in slime: 20 98 per cent of (100—82-40)....... 3:69 o
Gold recovered by amalgamation......covvvivrivirneriiieenaas ... 82440 «
Gold in amalgamation tailing. . ..vuverirrirrersonresnorensrersnes 17460 “
Gold recovered by cyanide percolation of sand: 87:89 per cent of
(17480 = B60) . 0veevnerneeneeenseerneioneeesocsosornonsassnes 12022 “

Oversl] gold recovery by amalgamation and sand percolation
8240 - 12:22. 00 0uiiniiinniniinricocnioranrennrraronireenssd 9462

23003—143
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CONCLUSIONS

The results of test work indicated that at a grinding size of 66 per cent
—200 mesh, 95 per cent of the gold was free-milling.

Amalgamation tests carried out to approximate the conditions per-
taining in stamp-mill practice indicated gold recoveries from 75 to 82
per cent.

The results obtained by cyanide leaching of the amalgamation tailing
after de-sliming are of considerable interest and indicate an overall gold
recovery of 94:62 per cent. This treatment of the amalgamation talling
should not offer any serious difficulties in the small operation that is
proposed.

The following suggestions are made regarding a simple flow-sheet for
a small mill.

A small stamp mill could be used followed by plate amalgamation.
A Wilfley table preceded by the usual mercury trap could be used to make
a concentrate of the gold-bearing sulphides and in order to catch fine gold
not recovered by the table, the table tailing could be passed over blankets.
The table and blanket concentrate could then be reground and amal-
gamated in either a clean-up pan or barrel.

If a ball mill is preferred to stamps, the discharge of the mill can be
run through a jig or hydraulic trap and then over blankets. The blanket
tailing would go to a drag type classifier in closed circuit with the ball mill.
The overflow of the clagsifier would be passed over a second series of
blankets. The blanket and jig concentrate would be ground and amal-
gamated.

By interpretation of the results of the experimental tests, either of
the above described flow-sheets should recover over 85 per cent of the gold.

The cyanide tests indicate that a simple percolation plant to treat
the sand portion of the blanket tailing will recover at least 85 per cent
of the gold remaining in this product.

The above suggestions are based on the assumption that the sample
worked on represents the type of ore which the mill will have to treat.
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Ore Dressing and Metallurgical Investigation No. 632

ARSENICAL-GOLD ORE FROM WHITEWATER MINE, ON TULSEQUAH
RIVER, SIX MILES NORTH OF TULSEQUAH, TAXU RIVER
DISTRICT, ATLIN MINING DIVISION,

BRITISH COLUMBIA

Shipment. A shipment of two sacks of ore marked Sample No. 1
and Sample No. 2, weighing 84 pounds and 94 pounds respectively, was
received March 8, 1935. The samples were submitted by D. C. Sharpstone,
Freeman Hotel, Auburn, California, U.S.A.

Characteristics of the Ore. Samples were taken from the two lots
representing the shipment, and twelve polished sections were prepared
and examined microgcopically for the purpose of determining the character
of the ore. The two lots are identical in microscopic character and are
described as one.

The gangue is a dark to light green, fine-textured carbonate rock,
probably dolomitic, which contains stringers of white carbonate and
patches of rusty to white quartz.

The metallic minerals noted in the polished sections are, in their order
of abundance: arsenopyrite, pyrite, undetermined mineral A, pyrrhotite,
and magnetite(?). Tests for undetermined mineral A are as follows:

Colour: Grey.
Hardness: Moderately soft—C to D.
Crossed nicols: Isotropic.

Etch tests: HNOs—quickly tarnishes iridescent.
HCIl, KCN, FeCl;, KOH, HgCl,—negative.

Argenopyrite oceurs as small erystals, many of which are needle-like
in form. Pyrite graing commonly have irregular shapes, but the smaller
graing sometimes show crystal outlines. Undetermined mineral A is rare,
occurring as small irregular graing in gangue and pyrite. An extremely
small amount of pyrrhotite is present as tiny irregular graing in pyrite,
and a few small graing which may be magnetite were seen in the gangue.
No native gold was seen.

A quantitative microscopic analysis of the arsenopyrite and pyrite
shows that the former is considerably finer than the latter. Table I shows
the grain analysis of thegse two minerals; the percentages are calculated by
volume on the bagis of 100 per cent of arsenopyrite and pyrite combined.
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TABLE I
Grain Analysis of Sulphides

Arseno- .
s Pyrite, Total,
Mesh p%ler:zg:{t per cent per cent
TS O 10.7 10-7
= 85100000000 i i ceiiii i Sesesirerenattarttannre 3.9 39
—100-}-150 1.0 5.1 6.1
—150--200. 6:1 4.3 10-4
—200--280. 0-2 3:3 13:6
—280-1-400. . 0-5 3.2 13.7
—400-560.... 2.9 2.2 15-1
—560..00000. . 1-5 5.1 20-6
62-2 37-8 100-0

Calculating the relative percentages by weight, the amounts are
approximately as follows:

Ar i Peé'sciant

senopyrite......... B N Cerereaanae .

Pyrite..oinnss Ceeraeseerainaes N ceveees T 2 23
100:0

Since no free gold was seen in the polished sections, it is possible that,
first, it is chiefly coarse and hence not in the sulphides, or that, second, if
occurs chiefly in sub-microscopic form in one or both of the sulphides.
The latter is regarded as highly probable, in which case concentration of
the sulphides is necessary. As will be seen by the grain analysis, the
arsenopyrite is extremely fine, necessitating very fine grinding. The
pyr_ilte, on the other hand, is somewhat coarser, and can be liberated more
easily.

It is not known whether the gold occurs in arsenopyrite or pyrite, or both.

Sampling and Analysis. The two lots comprising the shipment were
sampled individually and assayed for the following:

—_— Sample No.1 | Sample No. 2
L6 U Ceeererenens 0-50 oz./ton 0-41 oz./ton
ATBOIIC. e et vtvereersenraneesesenneeesosssesssnseseasssnnsnans 120 per cent | 1-72 per coent
JEOD, s vavtseteisensssvaseressunsssesssnensessessnsssesassanasss 4.33 « 4.88 «
Sulphur..... Se st N e e s ees et souesnttatantatetattetatitearen 120 o 2:79 “
ANtIINONY . civiiiieiiierirenisssesensenns reertieasiieesienaes Trace Trace

ExpPERIMENTAL TESTS

Tests were conducted on Sample No. 1 and on a 1 :1 mixture of
Samples Nos. 1 and 2. From Sample No. 1 about 86 per cent of the
gold was recovered in a concentrate amounting to approximately 6 per cent
of the weight of feed used, and assaying roughly 6-0 ounces per ton in gold.

TFrom the mixture of Samples Nos. 1 and 2 about 86 per cent of the
gold was recovered in a concentrate amounting to about 8 per cent of the
weight of feed used. This concentrate will assay roughly 5-0 ounces per
ton in gold.
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Cyanidation tests on roasted concentrate from the mixed samples
gshowed that from 83 to 87 per cent of the gold in the concentrate could be
extracted in this way. This means a net extraction of somewhat less than
75 per cent of the total gold in the ore.

Sample No. 1 .
FLOTATION, WITH CYANIDATION OF FLOTATION TAILING '

Test No. 1

A sample of the ore was ground in a ball mill for 40 minutes and then
floated in soda ash pulp. The concentrate was then recleaned in lime
pulp. All products were assayed for gold, arsenic, and antimony.

Charge to Ball Mill:

0. seerenrososeoanersoncsssonsarsonsasssssssassnnoones 2,000 grms. —14 mesh
............................. 1,500 o.0.
teseasuearesncsernsroarsnsa 2.0 lb./ton
............................. 009 “

Aerofloat No. 31

Reagents to Cell:

Potassium amyl xanthate....eeveeieresscrinsrernceses teseserenans 0-20 1b./ton
NO. 208, ceueerssrerssnsnsessssssorsssnsessens seesasensansnsntusanuen 0-10 “
Pine 0ilseeereeneuvserersrossarorssssisocnnssscsssasncaos eeeerasees 0-05 «“

Copper sulphate, 1-0 pound per ton, wag added when flotation appeared
to be completed with the above reagents, but it was not effective.

Reagents to Cleaning Cell:

7 T T ..1:0 1b./ton original ore

Potassium amylxanthate ..... veereens ,.0-10 “ “
50T | O Y | X1 “ “
Summary:
Distribution of metals
Weight, Assay per cent ’
Product per/c r Y Py
con u 8
oz./t;m I per oont I per cont Au As
Concentrate.,.oee... 56 6-40 1554 Trace 69-8 75+5
Cleaner tailing....... 13:5 0-49 0-83 « 12:9 9.7
Flotation tailing..... 80-9 0-11 0-21 “ 17.3 14-8
Feed (cal.)vervevenes 1000 051 1e1B Joevesennnnen 100-0 100-0

A screen test of the flotation tailing showed it to be 89 per cent through
200 mesh and 1-8 per cent on 150 mesh.

Portions of the flotation tailing were agitated in cyanide solution,

1.0 pound of potassium cyanide per ton, for 24 hours.

One sample was

go treated without further grinding and another one after grinding all
through 200 mesh. In both cases the cyanide tailing assayed 0-08 ounce
per ton in gold, representing a net extraction of 4-72 per cent of the total
gold in the ore.
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FLOTATION
Test No. 2

A sample of the ore was ground one hour in a ball mill and then floated.
The concentrate was cleaned in another cell and the products assayed for
gold and arsenie.

Charge to Ball Mill:

[ 2,000 grms, —14 mesh
Water. ..1,500 c.c.

Soda ash
Barrett No. 4 oil..
Reagents to Cell:
Potassium amyl xanthate 040 1b./ton
55 7= 33 1 0-10 “
Reagenis to Cleaning Cell:
Potassium amyl Xanthate....vevrviieerrevesrerersrnnns 0-10 1b./ton original ore
o011 0-05 “ «
Summary:
Distribution of metals,
Weight, Assny per cent '
Product pert "
cen u
oz./tim per cent Au As
Concentrate...c..ovvvvevinenns Ve 68 6-66 156 86-1 8690
Cleaner tailing..... Cherereereaens 85 026 0-49 4-2 34
Flotation tailing,...overvvernrines 84.7 0-06 014 9.7 9.7
Teod (621) . verernerienerniennres 100-0 0520 1.22 100.0 100-0

A sereen test showed the flotation tailing to be 97 per cent through

200 mesh.
Test No. 3

A sample of the ore was ground in a ball mill for one hour as in Test
No. 2 and then conditioned for 5 minutes with sodium silicate in a flotation
cell. A concentrate was then taken off and recleaned in another cell
without additional reagents.

Charge to Ball Mill:

Ore.., . ..2,000 grms. —14 mesh

..1,500 c.c.
....................................... 0-13 Ib./ton

Reagenis to Cell:

Sodium Silieate,. . cvvvvveiiiireiiiriiiiiieiieiiereranns

Potassium amyl xanthate.............

21T 031
Summary

Distribution of metals,
Weight, Assay per cent
Product peri; % x
cen u, 8,
oz./ton per cent Au As

Concentrate........cvenvivennnaes 50 5-86 1411 64-9 69:5
Cleaner tailing......ocovvveranins 12:9 0-41 0-75 9.9 81
Flotation tailing........vvveveneen 812 0-165 0:33 25-2 22-4
Feed (cal)..vvieiiniivininnnnnss 100-0 0-533 1-20 100-0 100-0
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Samples Nos. 1 and 2
FLOTATION
Test No. 4

A sample of the two ores, mixed 1 :1, was ground in a ball mill for
one hour and then floated. The concentrate was cleaned in another cell.

Charge to Ball M4ll:
Ore..ceeennnas veeneee
Water...... Cevenas ceaeene
Sodaash,.......voeves
Barrett No.4o0il..........

Reagents to Cell:

Potassium amyl xanthate....
Pine oil...... Cereeee

Reagents to Cleaning Cell:

Potassium amyl xanthate........oceveveeereaseeaasss..0:10 1b./ton original ore
Summary:
Distribution of metals,
Weight, Assay per cent !
Product pert Y Y
cen u, 8,
oz./ton per cent Au As
Concentrate. .. 8:3 4.94 15-68 85-9 86-7
Cleaner tailing..... 7-9 0-11 0-32 1-8 1.7
Flotation tailing, enn 83:8 0-07 0:21 12-3 11.8
Feed (cal)eereviannenennas Ceeens 100-0 0477 1.50 100-0 100-0
Test No. 6

A sample of the two ores, mixed 1 :1, was ground for one hour in a
ball mill and then floated. The concentrate was recleaned in another
cell and the products assayed for gold and arsenic.

Charge to Ball Mill:

...... 2,000 grms. —14 mesh

Water....covevnerss . ver..1,800 c.c.
Soda ash......... vesees ..3:0 Ib./ton
Barrett No. 4 0l vvvvereverinnveresennserssroeeeeenis 0022 ¢
Reagents to Cell:
Potassium amyl xanthate...... et errereane Cerenneas 0-30 Ib./ton
Cresylio acid........ Ceeenaeaas Cerreeriaes Chereriraiia, 0-18
Reagenis to Cleaning Cell:
Potassium amyl xanthate.,.......... Crerrieanes vvees..0:10 Ib./ton original ore
Cresylic acid....covveevriinnnanees Ceririesanenas veees.0:07 “ “
Summary:
Distribution of metals
Weight, Assay per cent ’
Product pert Iy Iy
cen u, 8
oz./ton per c:mt Au As
Coneentrate......ocvernrsiiniinss 8-5 5-86 18-92 80-7 83-0
Cleaner tailing,.......... 66 0-85 263 11.9 11.7
Flotation tailing........... ereens 86-9 0-06 0-09 74 53
Teed (cal.).cvivvrvsiniiiianenannns 100-0 0-47 1-48 100-0 100-0
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FLOTATION, ROASTING, AND CYANIDATION OF THE CONCENTRATE
Test No. 6

A sample of the two ores, mixed 1 :1, was ground for one hourin a
ball mill and then floated. The concentrate was cleaned in another cell,
sampled for assay and the remainder of it roasted at 400° to 750° C. The
caleine was sampled for assay and portions of it agitated in cyanide solution,
5:0 pounds of potassium cyanide per ton, for 48 hours with and without
regrinding.

Charge to Ball M<ll:
[0 PN Shssntusanarssuee 10,000 grms. —14 mesh
7 P cerreees 7,600 o.c.
Soda ash..uieiiiisiiirieieiitrsiiiniaianenns trseseens 3:0 Ib./ton
Barrett No.4 oil..evveiererinvecennss PPN eenes 0022 ¥

Reagents to Cell: ,

" Potassium amyl xanthate...... eersertesrresasenns ves 0:80 Ib./ton
Cresylic 2eid....cvivveeranisnrisiisinnnenes O | 13 £ I

Reagents to Cleaning Cell:

Potassium amyl xanthate....veevieeieracennoensaenes 0:10 Ib./ton original ore

Cresylic 86id..ceveiiviirniiiisnnceniancsonsnnescnnes 0:07 “ “
Summary:
Distribution of metals
Weight, Assay per cent '
Product pert n Y
cen u, 8
oz./ton per cont Au As

Concentrate. ... 84 4.78 15-48 86-4 85-0
Cleaner tailing, 10-3 0-31 0.97 6-8 65
Flotation tailin 81-3 0:045 0-16 7:8 85
Feed (cal.),.... 100.0 0.47 1.63 100-0 100-0

Roasting and Cyanidation of Flotation Concenirate:

Loss in weight...c.eevvnenns et reraaarecereesarentnsaneee 24.5 per cent
Assay of caleine: Gold..... ertireareiernes Ch e iareeesees 6-40 oz./ton
ArSenit...eeieerrrsrsecacsenanrnns RN . 8+20 per cent
Cyanide tailing from unground €aleine...sveeesereseseeseses 0-83 oz./ton in gold
Rt rBOtION. et arsierretntssrenssesrnseesansssnssssecsansane 87:0 per cent
Reagents consumed: KCN......covvuvennss tereetresesanees 3.30 1b./ton calcine
Ca0.iiiieiiiiiinitnniinieeissennnenns 344 “ “
Cyanide tailing from reground 6aloing....ueveeervivereceses 0-825 oz./ton in gold
Extraction..ceevervesiriennniennens Cresteereresirnisrareane 87-1 per cent
Reagents consumed: KCN.,,........ eetereienens rerenenans 5+40 Ib./ton calcine
L7 1 0 42.1 “ “
Test No, 7

This test was the same as Test No. 6 in all respects, but the tem-
perature at which the concentrate was roasted ranged from 400° to 900° C.
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Summary of Test No. 7:
Distribution of metals
Weight, Assny per cent ’
Product pert Iy v
cen u s
0%, /t’on per cent Au As
Coneentrate...oooeveervineasainas 8:7 4.58 14.90 82.7 829
Cleaner tailing.......oo0vvveenn.. 10-9 0-32 1.13 7-3 7:9
Flotation tailing.....c.covuenvee.. 80-4 0:08 0-18 10-0 9-2
Feed (cal.).ocveieivinninninninnss 100-0 048 1.56 100-0 1000

Roasting and Cyanidation of Flotation Concentrate:

L0881 WoIZht. .. ceriiineuenerinrnsoneeresssnennsorennnasss 27-7 per cent
Asgay of caleine: Gold...oovvrurerenrnnnenrenennreneeeraes 6-14 oz,/ton
) T 1:90 per cent
Cyanide tailing from unground ealeine........ovvevervsoeess 1:04 oz./ton in gold
ERtraCtIon, coerueuiruiorerererisinseersoorernsoerssesnsnses 83:1 per cent
Reagents consumed: KCN,.,oovveiiiitnoeirierinioraninnns 2:14 1b./ton oalcme
(7 10 10-86 “
Cyanide tailing from reground ¢aleine, ....ovevveviieresnrans 109 oz./ton in gold
ExXtraction. ., .usivueerinsiasieinosioisiisrnieristrsesinons 82+2 per cent
Reagents consumed: KCN...oueiureiiiinnirnreinnienanss 4-15 Ib./ton oalcme
[ 1 0 20+ 6 “
CONCLUSIONS

The results of tests conducted on this ore indicate that 85 per cent of
the gold can be recovered in a flotation concentrate assaying around 5
ounces a ton in gold with a ratio of concentration of approximately 12 : 1.
After roasting the concentrate about 87 per cent of the gold contained in
it can be extracted by cyanidation. This means that from 70 to 75 per
cent of the gold in the ore can be extracted in this way.

In order to obtain the above results the ore should be ground 90 per
cent or more through 200 mesh and then floated, the first concentrate
being cleaned in another cell and the cleaner tallmg returned to the head
of the circuit for re-treatment. The clean concentrate should then be
roagted, care being taken to keep the temperature down to a dull red heat
until fummg ceases and then raise it gradually to a maximum of 750° C.

Comparing the results of cyanidation of roasted concentrates in Tests
Nos. 6 and 7, it is worthy of note that of these two, No. 6, the one with
the higher arsenic, gave the better extraction. It appears, therefore, that
the higher roasting temperature used in Test No. 7 has caused more of
the gold to become locked up and immune to attack by cyanide solution.
I}:IZIL roasti{.lgé therefore, care should be taken to avoid temperatures higher
than 750° C.

‘While these results are far from satisfying, it is difficult to see where
any improvement can be made. In plant operation with re-treatment of
the cleaner tailing, recovery in the flotation concentrate may be increased
to somewhere near 90 per cent with a corresponding increage in net éxtrac-
tion after roasting and cyaniding the concentrate.
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Ore Dressing and Metallurgical Investigation No. 633

GOLD ORE FROM THE SHAWKEY GOLD MINING COMPANY,
LIMITED, DUBUISSON TOWNSHIP, QUEBEC

Shipment. A shipment of ore comprising 46 bags, weight 2,742 pounds,
was received on May 28 from the Shawkey Gold Mining Company, Limited,
Siscoe P.0., Dubuisson township, Quebec.

Characteristics of the Ore. Six polished sections were prepared and
examined microscopically for the purpose of determining the character
of the ore.

The gangue is white translucent quartz and fine-textured, dark-grey
country rock, which consists largely of carbonate and silicates.

The only metallic mineral present in considerable quantity is pyrite,
which is sparingly disseminated in the dark country rock as coarse to fine
crystals and irregular grains. Rare small grains of chalcopyrite occur
with the carbonate, and a very small amount of pyrrhotite oceurs in both
gangue and pyrite.

Native gold is very rare in the sections, but a few small grains occur
in pyrite, and one in the quartz. The presence of considerable coarse gold
is reported as a vesult of tests recorded in the body of this report.

The information gained by a microscopic examination of ore from
this property appears to be of value mainly in indicating the following:—

1. The gangue contains a considerable amount of finely crystalline
carbonate.

2. At least some of the gold is present as tiny particles contained in
the pyrite; the percentage can not be estimated from this examination.

Sampling and Assaying. The ore was crushed and sampled by standard
methods and the vesults of the assay are as follows —

[0 G 0:54 oz./ton
1T N 0:12 “
53 S 4.59 per cent
8 T3 1 U TS N 0-02 “

S 11T 101 0-97 «

Experimental tests included barrel amalgamation, hydraulic classi-
fication, standard cyanidation, blanket concentration.

Results indicate that at least 91 per cent of the gold is free-milling,

The tests indicate that the removal of coarse free gold by traps, jigs,
or blarikets prior to cyanidation will account for from 70 to 87 per cent of
the gold present in the ore.
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ExPERIMENTAL TEsTs
AMALGAMATION
Test No. 1

This was a barrel-amalgamation test on the raw ore carried out for

the purpose of determining tﬁe percentage of free-milling gold in the ore.
The ore was wet ground to a size of 76-9 per cent — 200 mesh

and then barrel-amalgamated with 100 grammes of mercury for 1 hour.
The results were as follows:—

Gold Infeed. . .oveviureneeerineeereierierionerarrisesenanneen vor. 0:54 0z./ton
Gold in amalgamation tailing, ........oovvviiriiiiinneneriiininnes 0.045
Recovery of Z01d. . uevvuvueenreerineeriieeresieesstoniossasnnsenees 91.67 per cent

This indicates that a high percentage of the ore is free-milling.

HYDRAULIC CLASSIFICATION

Test No. 2

In view of the fact that the ore contains such a high percentage of free-
milling gold, the following test was carried out to determine the results that
might be expected from the use of traps or jigs in the grinding—classifier
circuit.

A sample of ore was ground to approximately the same size as in
Test No. 1, and the pulp was thenfed to a hydraulic classifier. The
oversize was recovered and further reduced in bulk by panning. A number
of colours of gold were observed in the pan.

The results of the test are as follows:—

s Assay, Distribu-
Product VZ?%E& Au, tion of gold,

p oz./ton per cent
T A 100:00 J.ovourennueeferuninnnens
OVETBIZ8. 11 et vr e revanaerrsnseenrnerasorsassonsunsontoeens 0-09 51505 70-95
OVEIOW, . eiveiieneeriitiieninnrnrinesnsareresieessesines 99.91 0-19 29056

CYANIDATION
Test No. 3
Four samples of different grinding sizes were cyanided in solutions of
concentration equivalent to 1 pound of potassium cyanide per ton at a

pulp dilution of 3 : 1; lime, 5 pounds per ton, was added at the beginning
to each test for protective alkalinity.

Assay, Au, oz./ton Extraction | Reagents consumed
Product of gold,

s per cent KCN, CaO,
. Teed Tailing lb./ton | lb./ton
054 0-04 92-50 010 3-80
0-54 0-025 95-37 0-30 3-95
0-54 0-015 97-29 030 305
0-54 0-015 97.22 1.20 7.40
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Screen Tests on Cyanidation Tailings:

~48 Mesh —100 Mesh —150 Mesh

Mesh Weight, Mesh Weight, Mesh Weight,

per cent per cent per cent
+ 6600000 05 +150......... 21 +200.......4. 19-2
+100.. 00000 157 -+200......... 159 —=200....000.s 80-8
+150. .. 000000 16-1 =200, . 0000000 8240 —_—
+200....0000. 1440 _— 100-0
—200......... 537 1000

100-0

Fine grinding to —200 mesh has a decided influence on the consump-
tion of both cyanide and lime.

Test No. 4

These tests were carried out similarly to Test No. 3, except that the
period of cyanidation was 48 hours.

Assay, Au, oz./ton Extraction Reagents consumed
Produet of gold,
Feed Tailing per cent llb{(/:i:%rﬁ HS 7‘8);1
— 48 mesh.....coviviiniinininnns 0-54 0-02 963 0-30 3:95
=100 ¢ e 0-54 0-015 97.22 0-45 395
e 11 N 0-54 0-015 97.22 0-30 410
=200 iiiiieiiieieieeaaans 0-54 0-01 98-16 1:20 025

CONCENTRATION, AMALGAMATION, AND CYANIDATION

Test No. 6

This test was & combination of blankets, barrel amalgamation, and
cyanidation. A sample of —14-mesh ore, 2,000 grammes in weight, was
ground wet for 15 minutes in an Abbé pebble jar. The pulp was then fed
to a corduroy Dblanket strake. The blanket concentrate was barrel-
amalgamated with mercury and the blanket tailing reground for 15 minutes
and cyanided.

The results of the test are as follows:—
Blanket Concentration:

Weight, Assay, Distribu- Ratio of

Product tion of gold, concens
per cent | Au, oz./ton per cent tration
Feed. v rivrenrieiarieniniitnraroneeetoenns 10000 0.54 100-00
Blanket coneentrate...ovoiiieivieininiiinans 4.03 11.733 87-50 24.81:1

Blanket taillng........oovviieviiniiininian 95-97 0-07 12.44
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Screen Test of Blanket Tailing:

Weight,
Mesh per cent
[ TP, Ceereenes ceeeeas N b e, 0-2
+100....... et rereriee e ereereas Crenes Cereeanes Cereresens Cerereera. 4.4
o L[ A verren. Ceerereeeiae i reeaaane Cereraeeenas 9.1
2 11 19:0
L 1| 67-3

1000

Barrel Amalgamation of Blanket Concentrate:

Gold 1t CONCENETALB, cve v v vnenenrnererseenosnensssrornsesssnsnnons 11-733 oz./ton
Gold in amalgamation $ailing. ... ovvvuenerriruernerrernerensennnens 0-38 “
Recovery by amalgamation. .oeveeeseserseurnorressosncncesoonsenes 96-78 per cent

Cyanidation of Reground Blanket Tailing.

Strength of cyanide solution was equivalent to 1 pound of potagsium
cyanide per ton; 5 pounds of lime per ton wasg added as protective alkalinity.
The pulp dilution was 3 : 1.

Assay, Au, oz./ton : Reagents consumed
Time of agitation, ! ! Eg%léxsltgon
ours Feed Tailing per cent li{'%l;ln’ lbc.%)én
. S 0:07 0-010 85-71 0-30 4.10
N 0-07 0-005 9286 0-30 4.176
Results:
. Per cent
Gold recovered in blanket coneentrate....ovvvievsiieiiiiienieineriennns 87-5
Gold recovery by barrel amalgamation of blanket concentrate: 9678 per
cent of 87:56 Per Cent.....vreieeiinrierrirreirenorisesciersacranssans 84.74
Gold recovery by cyanidation of blanket tailing: 92.85 per cent of 12:44
DL COIMDL 4 v vaas v v e rssasoenenonsoansseneaneonesatssassssonsnsrossssnss 11-55
Overall recovery of gold: 8474 4 11-85...cvviiiivrinrnnirereiioninnens 9629

CONCLUSIONS

The results of the tests conducted on the sample of ore submitted
indicate no difficulty in its metallurgical treatment.

The presence of free gold and the results obtained from hydraulic
classification indicate that a trap or jig should be used in the grinding—
classifier circuit in order to remove this coarse gold before cyanidation.

Grinding 80 to 82 per cent —200 mesh appears to be satisfactory.
Finer grinding tends to increase the consumption of both cyanide and lime.

The use of blankets, as indicated by Test No. 5, gave a recovery of
84.74 per cent, and an overall recovery after cyanidation of the tailing of
96-29 per cent.
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Ore Dressing and Metallurgical Investigation No. 634

GOLD ORE FROM THE BEATTIE GOLD MINE, DUPARQUET
TOWNSHIP, ABITIBI COUNTY, QUEBEC.

Shipment. A shipment of 10 sacks of ore was received on April 25,
1935. The shipment was submitted by W. G. Hubler, Mill Superintendent,
Beattie Gold Mines, Limited, P.O. Box 101, Noranda, Quebec.

Sampling and Analysis. The ore was crushed and sampled by standard
methods, and the assays were as follows:

10 (O

BXPERIMENTAL TESTS

The work done on this sample consisted of cyanidation tests followed
by flotation of the cyanide tailings and was done for the purpose of checking
the results of similar tests carried out by the owners.

Samples ground to 65, 85, and 98 per cent through 200 mesh were
used for this purpose. From 60 to 70 per cent of the gold was extracted
by cyanidation, and flotation of the cyanide tailings produced concentrates
assaying 0-45 ounce per ton in gold, with a ratio of concentration of about
10 : 1. The flotation tailings assayed 0-02 ounce per ton in gold.

Results of the tests follow: .

Test No. 1

A sample of the ore was ground 65 per cent through 200 mesh in a
ball mill and then agitated in cyanide solution, 1-0 pound of potassium
cyanide per ton, for 24 hours. The cyanide tailing was filtered, washed
with water, and floated with the following reagents:

Lb./ton
Soda ash,.......... S 35
[0 3 171 o 1. - Y 15
Potassium amyl xanthate.......covviiiiiiiriviiiniieiiiieiissiiiisnens 0-10
LT3 1 0:10
Barrett No.4 oll. oo iviieiniiniireiteirerersesisneeississronsnininess 009

The flotation concentrate and tailing were assayed for gold.

Summary:
. Distribu-
Weight Assay, |.:
Product ' ' [tion of gold
per cent | Au,o0z./ton per cent '
Tlotation ConCentrate. .ouvvrierveinsrrnreiieranevinieannns 83 0-46 62-5
Flotation tailing, .vvvuiirreriereiirenernineeennrorsrenisens 91.7 0-0256 376
Cyanide tailing (€al).vvevvrvvirierriviiiiirenieiornorenens 1000 0-001 100-0

Extraction by eyanidation: 66:1 per cent.