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MINES BRANCH INVESTIGATIONS IN
ORE DRESSING AND METALLURGY, JANUARY TO JUNE, 1934

I
REVIEW OF INVESTIGATIONS

W. B. Timm
Chief of Division

During the half year ending June 30, 1934, twenty-nine reports were
published. Of these, twenty-two were on ores in which gold was the chief
metal of value; one on a lead-zine ore containing gold and silver from the
Howard mine in the Nelson district, B.C.; one on the silver and silver-
pitchblende ores from Contact lake, Great Bear Lake district, N.W.T.,
one on the silver ore from Camsell River, N-W.T.; one on the lead-copper-
zine ore containing gold and silver from the Stirling mine, Cape Breton,
N.S.; one on copper-nickel ore containing platinum group metals from
the Timagami Forest Reserve, Ontario; one on the sintering of the flotation
concentrates from Beattie mine, Duparquet township, Abitibi county,
Quebec; and one on the concentration of corundum from Dungannon
township, Renfrew county, Ontario.

Of the gold ores investigated, one was from British Columbia, one
from Saskatchewan, eleven from Ontario, seven from Quebee, and two
from Nova Scotia. As the result of these investigations, by the end of
1934 a 50-ton amalgamation plant was in operation at the Casey Summit
mine in the Patricia district, Ontario; a 200-ton amalgamation-cyanide
plant at Little Long Lac mine, Geraldton, Ontario; and a 100-ton cyanide
plant at the Matachewan Consolidated property, Matachewan, Ontario.
In addition a 125-ton amalgamation-cyanide plant is being built at the
Pickle Crow mine in Patricia district, Ontario; and a 100-ton cyanide plant
at the McKenzie-Red Lake property in the Red Lake area of the Patricia
district, Ontario. A 75-ton amalgamation-flotation-cyanide plant was
built at the Greene Stabell mine in Dubuisson township, Abitibi county,
Quebec; a 75-ton amalgamation plant at the McWatters mine in Rouyn
township, Quebee, to which a cyanide plant is to be added later; and a
cyanide plant installed at the Beattie mine, Duparquet township, Abitibi
county, Quebee, for the treatment of the flotation concentrates from their
1,200-ton concentrator; a 50-ton amalgamation-concentration plant was
built at the Montague mine, Montague, Nova Scotia. A 150-ton cyanide
plant is contemplated for the Arntfield mine, Arntfield, Quebec, and
milling plants are being considered for the other properties, the ores of
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which have been investigated. The investigation of the lead-copper-zinc
ore of the Stirling mine was undertaken in anticipation of higher prices
for the base metals, when the concentration plant would be operated again
after remodelling to conform with the results of the test work.

In addition to the reports of investigations which are published,
thirty-five investigations of ores, non-metallic minerals, and metallurgical
products were reported upon as follows:—

Gold méa from Wayside Consolidated Gold Mines, Limited, Bridge River district,

QGold ore from Ceepeecee, west coast of Vancouver island, B.C.
Antimonial-gold tailings from West Gore, Hants county, N.S.
Golda)earing concentrates fromn Bussiéres Mining Company, Limited, Senneterre,
ue.
Lead-zinc-gold ore from Canyon Creek, Bayonne district, B.C.
Gold-copper ore from Rosebery mine, Slocan City, B.C.
Axrsenical gold ore from Thompson-Cadillac Mining Company, Limited, Cadillac
township, Abitibi county, Que.
Gold ore from Mr. Algot Nelson, Kenora, Ontario.
Gold ore and mill products from Granadsa Gold Mines, Limited, Rouyn, Quebec.
Gold ore from MeCarthy-Webb property in the Goudreau-Lochalsh area, Algoma
district, Ontario.
Gold ore from the Mathews Gold Mmes, Limited, Pascalis township, Abitibi
county, Quebec,
Gold&s;llver-lge%d-nnc ore from the Goodenough mine, Ymir Gold Mines, Limited,
mir, B.
Copper-gold ore from the Lee Gold Mines, Ltd., Greenlaw townshlp, Sudbury
district, Ontario.
Goldome from Mining Claims 29114-5, Scadding township, Sudbury district,
ntario.
Gold ore from the Wanapitei Gold Syndicate, Scadding township, Sudbury
distriet, Ontario.
Goldobe?n_ng concentrates from Northern Empire Mines Co., Limited, Empire,
ntario.
Gold ore from Craig Gold Mines, Limited, Madoe, Ontario.
. Gold ore from Mining Claim T B 10971, Little Long Lac area, Ontario.
Gold-silver ore from I'avourable lake, Patricia district, Ontario.
. Opal silica from Wanaki, Ontario.
Graphite from St. John, New Brunswick.
Quartz from Chicoutimi, Quebec, for sandblasting,.
Garnet-bearing rock from Labelle county, Quebec, for sandblasting.
Quartz from Lac Rémi, Quebec, for sandblasting.
Silica sand from Keoma, Alberta, for sandblasting,.
Anhydrite from Sydney, Nova Scotia.
Silica sand from St. Andrews Ilast, Quebec, for sandblasting.
Garnet products from Labelle county, Quebee, for sandblasting.
Gypsum from Consolidated Mining and Smelting Company, Limited, Trail, B.C.
Endurance and other tests on two locomotive side rods for Canadian National
leways, Montreal, Quebec.
Grain size determmatlons of several samples of steel for Canadian Atlas Steels,
Limited, Welland, Ontario.
Carbulizatlon and heat treatment of 72 small parts for camera mounts for Depart-
ment of National Defence.
Deep etching tests and inspection of 64 recuperator adapter breech lugs from
18-pounder Q. F. Guns for Department of National Defence.
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The investigations were carried out under the direction and super-
vision of W. B. Timm, Chief of 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, and W. S.
Jenkins.

The test work on non-metallic minerals was performed by R. K.
Carnochan and R. A. Rogers. ’

The metallurgical work on iron and steel products was performed
by T. W. Hardy and H. H. Bleakney.

The chemical work was performed by a staff of chemists under the
direction and supervision of H. C. Mabee, Chief Chemist.



II
REPORTS OF INVESTIGATIONS

Ore Dressing and Metallurgical Investigation No. 551

COPPER-GOLD ORE FROM THE MANITOBA AND EASTERN MINES, LIMITED,
GOWARD, ONTARIO

Shipment. A shipment consisting of 24 bags containing 1,900 pounds
of ore was received November 14, 1933, from the Manitoba and Eastern
Mines, Limited, Horace F. Strong, Manager. The material was said to
have been taken from mining leases W. 8. 13 and 14, W. D. 458-465, Strathy
township, Timagami, Ontario. The shipment consisted of three lots,
Nos. 1, 2, and 3, of approximately equal weight.

Characteristics of the Ore. These lots were apparently from the surface
and were somewhat oxidized.

Specimens of the three lots were examined in the mineragraphic
laboratory. Polished sections showed that the gangue differs considerably
in the three lots. In Lot No. 1itis light grey to white quartz; in Lot No. 2,
fine-textured, grey dioritic rock locally impregnated with grey quartz;
a,;ld in Lot No. 3, dense, greenish grey rock penetrated by irregular veinlets
of quartaz,

The metallic minerals present in considerable amounts are pyrite,
arsenopyrite, chalcopyrite, sphalerite, and limonite. Minor amounts of
pytrhotite, covellite, native bismuth, chalcocite, galena, and cosalite are
present. Pyrite and arsenopyrite are the most abundant sulphides. and
are usually disseminated in the rock gangue. Both sulphides are rather
coarse-textured and many grains show numerous fractures which have
been filled with later gangue and chalcopyrite.

ExPERIMENTAL TESTS

Each lot was sampled and assayed with the following results:—

Assay
Lot No. Gold, Silver, Copper, Arsenia,
oz/ton oz/ton per cent, per cent
L i e e e e e 3:88 6-98 2-68 0-10
TR 0-60 3-70 1-36 1.46
. 7R TR 0-39 1-44 0-11 12-55
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For experimental purposes, equal weights of all three lots were taken
and combined. This composite sample assayed 1:59 ounces gold, 3-69
ounces silver per ton; 1-41 per cent copper, 0-09 per cent bismuth, and
a trace of tellurium.

As the ore contains much copper, straight cyanidation is not applicable.
This metal must first be removed.

Numerous tests were made to note the effect of flotation, the chief
of which are detailed below.

Test No. 1

A sample of ore was ground wet with 4 pounds lime and 0-14 pound
Aerofloat No. 25 per ton until 85 per cent passed 200 mesh, 0-10 pound
sodium xanthate and 0-07 pound pine oil were added to the cell, and a
flotation concentrate removed.

Distribution of metals
Weisht Assay per cent ’
Product perlﬁené G oo o
opper, old, ilver, .
per cent | oz/ton oz/ton Copper | Gold Silver

Feed....ocovvvvvnnnnn 100-0 1.43 1-52 3:59 100-0 100-0 100-0
Flotation concentrate. 58+3 3-28 3:62 7-22 87:9 91-1 77:0
Flotation tailing. ..... 61-7 0-28 0-22 1.34 121 89 23-0

No concentration of copper was obtained. Iron pyrites floated quite
readily. This constitutes a bulk flotation with a low ratio of concen-
tration, viz.: 2.6 : 1.

Test No. 2

In this test an attempt was made to separate the copper minerals
from the iron pyrite.

A sample was ground wet with 20 pounds soda ash, 0-10 pound
sodium cyanide and 0-14 pound Aerofloat No. 25 per ton, 0-10 pound
sodium xanthate was added to the flotation cell and a concentrate removed
after adding 0-08 pound pine oil per ton.

Distribution of metals,
Product Weight Assay per cent
roduc !
per cent Copper, Gold, Silver, .
per cent | oz/ton oz/ton Copper Gold Silver
Feed.vuoiovrnnrnennnn, 100-0 1.27 1.27 3-43 100-0 100-0 100-0
Concentrate........... 8:6 12-02 11-38 24-22 81-3 770 60-6
Tailing............... 91-4 0:26 0-32 1.48 18-7 23-0 39-4

It is apparent that the larger amount of the gold is associated with
the copper minerals. The concentrate assaying 12:02 per cent copper
and 11-38 ounces gold per ton contained 77 per cent of the gold.
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Test No. 8

In this test, conditions were such that with a normal gold ore most
of the gold should be found in the tailing. The copper was removed
by flotation and the tailing cyanided.

A sample of the ore was ground to pass 86 per cent through 200 mesh
with 16 pounds lime per ton to depress gold and pyrite. Aerofloat No. 25,
0-14 pound, was added to the grinding mill; 0-10 pound sodium xanthate
and 0-12 pound pine oil per ton were added to the flotation cell and a
concentrate removed. The flotation tailing was then agitated, 1 :3
dilution, with a 3-0 pound KCN solution for 48 hours; 7 pounds lime
per ton of ore was added for protective alkalinity.

Distribution of metals,

Assay per cent

Product Weight,

pereent | onner 1 Gold, Silyer,

per cent | oz/ton oz/ton Copper Gold Silver

Feed..ovovivivnininnnn 100-0 1.32 1.61 340 100-0 100-0 100-0

Tlotation concentrate. 20-4 6-18 654 12.34 95-8 82.7 74-0
Flotation tailing...... 79-6 0-07 0-35 1.11 4.2 17-3 26-0

Here again, 82-7 per cent of the gold is found with the copper con-
centrate. This has the following analysis:—

€7 U 6-54¢ oz./ton

S LN R PN 12-34 “

{0703 5303 S A N 618 per cent
23-9 “

3
13
«°®

Cyanidation of the flotation tailing gave a residue containing 0-065
ounce gold and 0-38 ounce silver per ton, with recoveries of 81-5 and 65-8
per cent respectively.

This combination, flotation followed by cyanidation, gives recoveries
of 95-8 per cent of the copper, 96-0 per cent of the gold, and 88-8 per cent
of the silver. The concentrate represents 20-4 per cent of the weight
of ore milled.

SUMMARY AND CONCLUSIONS

The sample furnished was somewhat oxidized, therefore these tests
are inconclusive; fresh ore, probably, will respond more readily.
separation of most of the copper from the bulk of the ore is necessary if
cyanidation be desired, otherwise an excessive consumption of cyanide
will result. The concentrate produced will require separate treatment
at a smelter. '



Ore Dressing and Metallurgical Investigation No. 552

GOLD ORE FROM B.C. CARIBOO GOLD FIELDS, NEAR MOYIE, BRITISH
COLUMBIA

Shipment. A shipment consisting of five bags of ore weighing 560
pounds was received November 14, 1933, from C. S. Lord, Moyie, B.C.,
for the B.C. Cariboo Gold Fields, 919 Stock Exchange Building, Vancouver.
The ore was said to have been taken from the company’s property five
miles from Moyie.

Characteristics of the Ore. Specimens of heavily mineralized ore were
selected and examined in the mineragraphic laboratory. Polished sections
showed the gangue to be chiefly white to greyish white vein quartz. The
metallic minerals in their order of abundance are pyrite, arsenopyrite,
sphalerite, galena, tetrahedrite, and chalcopyrite.

Pyrite and arsenopyrite are coarsely disseminated in the quartz and
commonly form massive granular aggregates, which have been much
fractured. The remaining sulphides are mutually associated in small
irregular stringers in quartz or in small masses and fine veinlets in the
massive pyrite and arsenopyrite. Sphalerite, galena, and tetrahedrite
are present in appreciable amounts but chalcopyrite is rare. No native
gold was seen.

ExperiMENTAL TESTS

The shipment was crushed, ground, and sampled. Analysis showed
it to contain 0-295 ounce gold, 1-18 ounges silver per ton; 0-10 per cent
copper, and 0-73 per cent arseniec.

Experimental tests were made to determine if the gold and silver
could be concentrated by flotation. Cyanidation was also tried.

The results of the investigation show that only 64 per cent of the
gold is recovered by cyanidation and that 93 per cent of the gold and
95 per cent of the silver are recovered by flotation in a concentrate assaying
0-92 ounce gold, 36 ounces silver per ton, with a ratio of concentration
of 3:2 : 1.

AMALGAMATION
Test No. 1

A sample of the ore ground to pass 48 mesh was amalgamated and a
sereen analysis made of the tailing.




Screen Analysis:

: Assay
Weight !
Mesh ! gold,
per cent oz./ton
12 [oiiiienns
18:2 030
19-6 0-31
204 0-40
40-6 0-34

These results show no free gold in the sample, and no segregation of
gold in any of the sized parts of the sample. .

Test No. 2

A second amalgamation test was made on material ground to pass
100 mesh. The tailing was found to contain 0:29 ounce gold per ton,
the same as the original ore. This checks the previous test, no free gold
is present. :
CYANIDATION

Test No. 8
A series of tests was made to determine the recovery obtained by
cyanidation. .

Samples of the ore ground to pass 48, 100, 150, and 200 mesh were
cyanided with a 1-0 pound KCN solution, 1 : 8 dilution, for 48 hours.

Results:
Teed assay Tailing assay Per-cent extraction
Mesh Agitation,
hours Gold, Silver, Gold, Silver, Gold Silver
oz/ton | oz/ton oz/ton | oz/ton
24 0-205 1-18 0-12 0-76 59-3 356
48 0-295 1-18 0-12 0-61 593 483
48 0295 1-18 0-105 0-56 644 52-5
24 0.295 1.18 0-12 0-84 59:3 28-8
48 0-295 1:18 0-11 0-50 62.7 57+6
24 0-295 118 0-14 0-83 52+5 29-7
48 0-295 1.18 0-11 0-55 62-7 525

........................................................... 3.6 Ib./ton ore
8'0 [{4

Cyanidation of any size of material does not yield high recovery.

FLOTATION

Test No. 4

A sample of the ore was ground wet with 14 pounds soda ash per
ton until 86 per cent passed 200 mesh and then floated with 0-20 pound
sodium xanthate and 0- 14 pound pine oil per ton.



Distripution of precious
Weizht Assay metals, per cent
Produect pe‘:‘ %eni; o o
olda, ilver, .
oz/ton oz/ton Gold Silver
Feed...ooovoeirenieeniionnennnns 100-0 0-285 1.28 100-0 100-0
Concentrate........o.ovvnvennnsn 31-1 0-84 3:90 91-5 94-6
Tailing.ceveeeenniieeneenninensos 689 0-035 0-10 85 54
Ratio of concentration, 3-2:1.
Test No. 6

A flotation test similar to the preceding one was made and the tailing
run over a corduroy blanket to note if any further concentration took
place.

Digtribution of precious

Weight Assay metals, per cent

Product o genf
P Gold, Silver, Gold Silver

oz/ton o0z/ton o 1lve
Teed (Cal).evererneirenennennenes 100-0 0-31 1.21 1000 1000
Tlotation concentrate............. 31-5 0-92 3:64 93-2 951
Tlotation tailing...ovvuunvevneeenfeeinerenins 0-03 0087 . cveveennni]ienninennns
Blanket concentrate.............. 2:2 0:21 0-30 15 0-5
Blanket tailing................... 66-3 0-025 0-08 5:3 4.4

TFlotation recovers 93-2 per cent of the gold and 95-1 per cent of
the silver in a concentrate weighing 31-5 per cent of the weight of ore
milled. This concentrate has the following analysis: gold 0-92 ounce per
ton, silver 3-64 ounces per ton, 0-20 per cent copper, 0:61 per cent lead,
2-2 per cent zine, and 3-65 per cent arsenic.

Passing the flotation tailing over blankets does not produce a high-
grade concentrate. The final tailing is slightly lower, but the concentrate
is of lower grade than the flotation feed.

SUMMARY AND CONCLUSIONS

The results of the investigation show that flotation is the only method
for the economic recovery of the precious metals. The gold apparently
is associated with the pyrite and arsenopyrite and for its recovery these
minerals must be concentrated. This results in a low ratio of concen-
tration and a rather low-grade product for shipment to a smelter.

Cyanidation of the ore does not give high recovery, 64 per cent of
the gold being recovered.
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Ore Dressing and Metallurgical Investigation No. 553

GOLD ORE FROM THE EDWARDS MINING PROPERTY AT
LOCHALSH, ONTARIO

Shipment, Two shipments of the ore were received on November 23
and December 8, 1933, respectively. The weight of the first shipment was
approximately 250 pounds and that of the second shipment 200 pounds.
The samples were submitted by H. C. Miller, 702 Atlas Building, Toronto,
Ontario.

Characteristics of the Ore. Sample No. 1 and Sample No. 2 are so
similar that their characteristics can be described together.

_ The gangue is fine-textured, light grey carbonate schist which is
veined by white quartz. Some of this quartz contains veinlets and fine
disseminated grains of carbonate.

The metallic minerals are, in order of their abundance, pyrite, ilmenite,
chalcopyrite, and native gold. The quartz of the polished sections is
barren, the rather abundant pyrite being disseminated as medium to fine
irregular grains and imperfectly formed cubes wholly within the schist.
In some places small hazily-bounded inclusions of schist occur within the
quartz and contain disseminated pyrite, and to the naked eye this pyrite
appears t0 be contained in impure quartz. Ilmenite oceurs as numerous,
small, irregular, corroded grains in the schist; locally the ilmenite has been
altered to leucoxene.

Chalcopyrite is present as very small 1ounded and irregularly shaped
grains within the pyrite.

All native gold seen occurs within pyrite. It forms tiny rounded or
irregularly shaped glams and small, very 11regu1ar stringers, and is appar-
ently more abundant in Sample No. 2 than in Sample No. 1. Grains of
gold exceeding 200 mesh in size were not seen and most are well below
325 mesh. .

Except that native gold, and possibly carbonate, is more abundant in
Sample No. 2 than in Sample No. 1 no significant difference was noted.
The evidence obtained from microscopic examination indicates that it
might be possible to concentrate the gold with the pyrite.

Average assays of the two samples were as follows:

SampPle NOw Luetreriniieiirrerssneeseeseesansessersnnassresseees Au, 0-59 oz/ton
Sample NO. 2.vviiievireionens et eeeeiearareareeriiriereetriues Au, 666 ¢
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ExpERIMENTAL TESTS

A series of small-scale tests was made on the first shipment of ore
only, the second shipment being so rich that results obtained from test
work on it would have no practical value. The work on the first shipment
included tests by cyanidation, amalgamation, flotation, and hydraulic
classification. By cyanidation the maximum extraction obtained was
975 per cent of the gold. In the hydraulic classifier 60-2 per cent of the
gold settled out in a product amounting to 2-8 per cent of the weight of
the ore used. By flotation approximately 95 per cent of the gold was
recovered in a sulphide concentrate amounting to about 8 per cent of the
weight of feed. About 80 per cent of the gold is recoverable by barrel
amalgamation and this drops to about 65 per cent when amalgamation
plates are used.

Details of the tests follow:
AMALGAMATION AND CYANIDATION

Tests Nos. 1 and 2

In these tests samples of the ore ground dry through 48- and 100-mesh
screens were amalgamated with mercury for 30 minutes in a jar mill. The
amalgamation tailings were sampled and assayed for gold and portions of
each agitated in cyanide solution, 2-0 pounds KCN per ton, for 24 hours.

Resulis:
ghmk | Gyanias | Tl | Tt | o | Resgentsconsumd,
Test No. tailing, tﬂ,}&lhng, by amal- | by eyani- eﬁ;ﬁc-
u, on /t()n gamation,| dation, rcent | KGN Ca0
oz/ton per cent | per cent | PET ©° a
Tevireiniennnnnnnnns, 012 0-03 , 797 15-2 94.9 1-0 36
TN 0-125 0-02 805 16-1 96-6 1-3 4.1
CYANIDATION

Tests Nos. 3 to 10

In this series of tests samples of the ore ground dry through 48-, 100-,
150-, and 200-mesh screens were agitated in cyanide solution, 2-0 pounds
KCN per ton, for periods of 24 and 48 hours. The tailings were assayed
for gold.

Resulis:
: - Reagents consumed
Period of Tailing . '
Test No. Mesh agitation, assay, E;gag;;;%n, 1b/ton
hours Au, oz/ton KCN Ca0
— 48 24 00356 941 1-3 4.1
—-100 24 0-02 96-6 1.3 4.3
~150 24 0-016 975 1.3 4.3
~200 24 0-015 97:5 1-6 4.7
~ 48 48 0-03 94-9 1:6 4.8
—100 48 0-02 96-6 1.9 5.8
—150 48 0-015 97-5 25 58
—200 48 0-0156 97:5 2.7 85
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HYDRAULIC CLASSIFICATION

Test No. 11

In this test a sample of the ore at —14 mesh was ground in a ball mill
for 20 minutes and the pulp put through a hydraulic classifier where coarse
gold and heavy minerals were allowed to settle against a slowly rising
current of water. The oversize and the overflow were assayed for gold.
A screen test was made on the overflow to determine the grinding.

Results:
s Assay Distribu-

Weight ' }
Product ! £o tion of gold,
per cent oz/ton per cent !
Classifier OVersiZe...uu.veesieeisreeiiieienriiiienrineecas 2-8 12-60 60-2
Classifier overflow......ccoviveiniviiniiinineninnns N 97-2 0-24 39:8
Y Ya B (% P 100-0 0-586 100-0

A screen test on 200 grammes of the classifier overflow showed the
grinding to be as follows:

. Cumulative
Weight s
Mesh gh b weight,
per cent per cent
0-4 0-4
5:0 5.4
0946 100-0
100:0 [Lovnennnnnns
FLOTATION
Test No. 12

In this test 2,000 grammes of the ore at minus 14 mesh was ground
in a ball mill for 20 minutes and then floated.

Charge to ball mall:

L 2,000 grammes
% 73 1, c.C.
T F T 5:0 1b/ton
Aerofloat NOw 25.. veveueirnniveunerionernneenneennssseroannesiones 0-07 ¢
Reagents to cell:
Potassium amyl xanthate.......ooiiiiiiniiiireiiniiiiiiiorninies 0-10 lb/ton
PINC 01l veusnetneaenunenssnineoseessnnssesssoneensonssnssossansas 0:05
Resulis:
. Assay Distribu-
Weight ' ;
Product ght, gold, tion of gold,
per cent oz/ton per cent
CONEENEIALB. + o i v v v vereensrenenassseoannsnssosennsnssnsens 79 6.54 94.9
B £ R I 02-1 0-03 51
Feed (cul R 100-0 0-5¢ 100:0

Ratio of concentration, 12-6 : 1.
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AMALGAMATION AND FLOTATION

Test No. 13

In this test a sample of the ore at minus 14 mesh was ground in a ball
mill for 20 minutes and the pulp amalgamated with mercury for 30 minutes
in a jar mill. The amalgamation tailing was then floated. The flotation
concentrate and tailing were assayed for gold and the amalgamation tailing
assay calculated from these.

Charge to ball mill:

[ - 2,000 grammes
%> 1,500 c.c.
Reagents to cell:
S Za 16 F- T 7 5-0 1b/ton
Potassium amyl xanthate.....vevenreeerrnriiiireninrenennione, 0-10 “
201 1T | 0-05
Summary:
. Assay Distribu-~
Product ng,lgg)fé Au, ' | tion of gold,
per ¢ oz/ton per cent
Flotation concentrate...ooveu v e eneerrveseossnenonnasnnes 33 1-30 640
Flotation tailing. ....v.vveervreerereirerrorirenenenesnsnes 96-7 0-025 360
Amalgamation tailing (€al.)...vvviviverrererninnreneneenss 100:0 0-067 100-0
Recovery by amalgamation, (0:59—0-067) = 0:59..........0cvus = 88-6 per cent
Net recovery in flotation concentrate, (100—88:6) X 64-0......... = 7.3 «
Tobal TECOVOTY.ovuriieererenrrnrnecssoasoevnensensns 95.9

PLATE AMALGAMATION

Test No. 16

In this test a sample of the ore at minus 14 mesh was ground in a ball
mill for 20 minutes and then passed over a small amalgamation plate.
The plate tailing was assayed for gold.

Results:
BT 5 ) PP P 0-59 oz/ton
Amalgamation tailing.....oovoveeiiiiiiiiiiiiiiiiiiiiiaes 0-21 “
ROV Y e v vtunsvneenrntneenensonsossoronensenssssrananeenne 64-4 per cent

CONCLUSIONS

This ore can be treated more efficiently by eyanidation than by any
other method and for this reason as well as its greater freedom from trouble
the process is to be recommended.

A hydraulic trap at the ball mill discharge to take care of any coarse
gold would serve to lighten the load on the cyanide plant. The trap
cleanings could be barrel-amalgamated and then pagsed on to the eyanide
agitators for further treatment.

However, the ore concentrates very well by flotation (see Test No. 12)
and although this treatment is somewhat less efficient than cyanidation the
original outlay for plant would be considerably less.

Flotation with barrel amalgamation of the concentrate may, there-
fore, be worthy of consideration.

84712—2
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Ore Dressing and Metallurgical Investigation No. 554

GOLD ORE FROM THE PICKLE CROW MINE, PATRICIA DISTRICT, ONTARIO

Shipment. A shipment of one box of ore, net weight 116 pounds,
was received December 13, 1933. The sample was submitted by A. G.
Hattie, Manager, Pickle Crow Mine, on instructions from J. E. Hammell,
President, Northern Aerial Canada Golds, Limited, 1406 Concourse
Building, 100 Adelaide Street West, Toronto, Ontario.

Charactertstics of the Ore. The gangue is chiefly translucent quartz
of fine texture and light grey colour. Rare, tiny veinlets of carbonate
occur in the quartz, and a small amount is associated with the sulphides.

The metallic minerals in their order of abundance are pyrife, pyrrhotite,
chalcopyrite, and magnetite. No native gold was seen.

Pyrite and pyrrhotite are present together in rather coarse, irregular
stringers in the quartz, and are associated with a small amount of car-
bonate. The pyrite contains numerous small inclusions of gangue.
Chalcopyrite occurs as small irregular grains in the stringers referred to
above and is usually more closely associated with the pyrrhotite than
with the pyrite. Rare, small grains of magnetite occur as inclusions in
the pyrite.

An average analysis of the ore was as follows:

L7 Co 1-21 oz/ton
Silver....cviiiii i e EE TN 011 ¢
L4313 1T Kesossonsarsassonas Trace

L3 + O 11-78 per cent
8 T 1 T 0.02 «

11 ¢ 1 O 324 ¢

ExpeRIMENTAL TESTS

A series of small-scale tests was made on this ore to determine the
methods by which it might be treated. The work included tests by
cyanidation, amalgamation, flotation, blanketing, and hydraulic classi-
fication.

By straight cyanidation as much as 99-2 per cent of the gold can be
extracted. By barrel amalgamation 93:9 per cent of the gold can be
extracted with ore ground wet. When amalgamation plates are used,
however, extraction drops to 56-2 per cent. By straight flotation of the
ore 94.7 per cent of the gold was recovered in a concentrate amounting
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to 160 per cent of the weight of feed. By blanket concentration of the
ore as much as 87-1 per cent of the gold was recovered in a concentrate
amounting to 5-4 per cent of the weight of feed. The blanket tailing
agsaying 0:175 ounce gold per ton was reduced to 0-01 ounce per ton in
24 hours by cyanidation.

In the hydraulic classifier 76-6 per cent of the gold settled out in a
product amounting to 3-5 per cent of the weight of feed. The classifier
overflow, assaying 0-265 ounce gold per ton, cyanided readily down to
0-005 ounce gold per ton in 24 hours.

Details of the tests follow:

CYANIDATION
Tests Nos. 1 to 8

This series of tests was made on four samples of the ore ground dry
through the following screen sizes 48, 100, 150, and 200 mesh. Samples
of each were agitated in cyanide solutlon, 2-0 pounds KCN per ton, for
periods of 24 and 48 hours. The tailings were assayed for gold.

. - Reagents consumed
Period of Tailing s '
Test No. Mesh agitation, assay, Exgx;aé:g]otn, Ib/ton
hours Au, oz/ton | P KCN Ca0
— 48 24 0-065 946 3:36 9.75
—100 24 0:03 97:5 4.56 16-0
—150 24 0-035 97-1 5-16 18-25
-200 24 004 967 546 15-8
—~ 48 48 0-015 98-8 3:36 11.1
~100 48 0-01 99.2 5:76 19-0
—150 48 0-01 99.2 6:06 19-0
—200 48 0-01 99-2 6-06 18-1

AMALGAMATION AND CYANIDATION
Tests Nos. 9 and 10

These tests were made on samples of the ore ground dry through
48- and 100-mesh screens. The ore was amalgamated with mercury
in a jar mill for 30 minutes. The amalgamation tailings were then sampled
and assayed and portions of each agitated in cyanide solution, 2.0 pounds
KCN per ton, for 24 hours. The final tailings were also assayed for gold.

Results:
Pt Cyanide Won by | thon by | Total | Tenselisiommmed,
Test No. tadling, | Tgy,” | amalga- | eyani- | o, "
oz/ix')n oz/ton per cené per cent per cent KCN I Ca0
Gvtriniiiiriaa 0-125 0-015 89.7 9-1 98-8 306 10-7
10....000iiiiiiiiinnn, 0-27 0-010 777 21:5 99-2 5:16 16-25

84712—2"
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HYDRAULIC CLASSIFICATION
Test No. 11

In this test the ore at —14 mesh was ground for 20 minutes in a ball
mill and then put through a hydraulic classifier where the gold and heavy
minerals were allowed to settle against a slowly rising current of water.
The classifier oversize and overflow were assayed for gold and a sample
of the overflow was agitated in cyanide solution, 2-0 pounds KCN per
ton for 24 hours. The cyanide tailing was also assayed for gold. This
test is intended to give some idea of the results to be expected from the
use of a hydraulic trap in practice.

Results:
: Distribu-
Weight, Assay, :
Product per cent Au, oz/ton tlggl?‘f}gﬂd,
Classifior OVerSIZe. . cuvvriiverrieerseneiierisanenirarenioes 35 23.86 76-6
Classifier overflow........oovviiiiiiiiiiiniiiiaiiineenn, 96-5 0265 23-4
YT (7Y 1 T 1000 1.09 100-0

By cyanidation the gold in the classifier overflow was reduced to
0-005 ounce per ton with a reagent consumption of 2-2 pounds of KCN
and 5:2 pounds of lime per ton of classifier overflow.

A screen test of the classifier overflow showed the grinding to be as
follows :— :

. Cumulative
Mesh Weight, weight,
per cent per cent
B2 o X1 03 0-3
B (1 ) S N 3.9 4.2
= A504-200. ot i e e r e eaes 18.7 179
Fenr 1)) P 82-1 100-0
B 1 10040 [ioviivinnnns
TFLOTATION
Test No. 12

The ore at —14 mesh was ground in a ball mill for 30 minutes and
then floated.,

Charge to ball mill:

Reagents to cell:

Potassium amyl xanthate. . .voeiieiiieiiirieiiririeniecrenenns 0-10 Ib/ton
o TN o 0:05
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Summary:
. Assay, Distribu-
Product Weight, Au, tion of gold,
per cent oz/ton per cent
16:0 6-06 94.7
84-0 0-065 5.3
100-0 1.02 100-0

A screen test of the flotation tailing showed the grinding to be as
follows:

: Cumulative
Weight f

Mesh ! weight,

per cent per cent
R 1L ) 1.4 1.4
1504200, . 41 i e e i e i e e 79 9-3
=200, e e P 90-7 100-0

Total............ S et aesaeisetitetaasatacanans teesecessiae 10040 |.....

AMALGAMATION AND FLOTATION
Test No. 18
The ore at — 14 mesh was ground in a ball mill for 20 minutes and then
amalgamated with mercury in a jar mill for 830 minutes. The amalgamation

tailing was then floated. The flotation concentrate and tailing were
assayed for gold and the amalgamation tailing assay calculated from them.

Charge to ball mill:

10 < T PPN ettt e, 2,000 grammes
R 07 N 1,500 c.c.
Reagents to cell:
Sodaash................ Ceeerresiiaraes PN veeee. 80 lb/ton
Potassium amyl xanthate............... b earerenenens veveese. 0210 €
Pineoil..ooooiiiiiiiiiiiii i v ererareaneaes Ceeree 0-05 «
Summary:
: Assay Distribu-
Product VZ?%];E% u, ' tion of gold,
p oz/ton per cent
Concentrate.......... R Cetearrarsoaetaserarettes 25 1.58 537
Tailing..... R PPN 975 0-035 463
Amalgamation tailing (cal.)...........e00.us e rearaeaas 100-0 0.074 100-0
Recovery by amalgamation....., i Ceeereeenras Ceneaas 939 per cent
Recovery in flotation concentrate, 537 X 6¢1.vvvueernnn... eieeees =33 «

Screen test of the flotation tailing showed the grinding to be as
follows:

s Cumulative
Weight !

Mesh H weight,

per cent per cent
- 654100 06 06
~1004-150.... 32 3-8
~1504-200.... 12-9 16.7
~200........ 83-3 100-0
1000 L............
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PLATE AMALGAMATION
Test No. 14

The ore at —14 mesh was ground in a ball mill for 20 minutes and
passed over a small amalgamation plate. The tailing was assayed for gold.

Results:
T 1-21 oz/ton gold
5 3P RN 0-53 /“ 8
ROV .ot ivt ettt iiteriireierneeetoranssesnroressonnecnns 56+2 per cent

BLANKETING
Tests Nos. 156 to 18

Four samples of the ore at —14 mesh were ground in ball mills for
periods of 10, 15, 20, and 25 minutes respectively. In each case the
pulp was passed over a small corduroy blanket set at a slope of 2.5 inches
per foot. The concentrates and tailings were assayed for gold and a
portion of each of the tailings was agitated in cyanide solution, 2-0 pounds
KCN per ton, for 24 hours.

The cyanide tailings were also assayed for gold.

Results:
. s Agsay, [Bxtraction,| Digtribu- Total
'I];?st Product W‘:‘lgh‘f’é Au, per cent tionl%f gold,| recovery,
0. bor co oz/ton total gold | per cent | per cent
15 |Concentrate............. 39 2388 [.virininnes 81-2 |..
Tailing, .oovvuvennvnnenns 96-1 . vees -
Feed (cal)voovyivennn. 100-0
Tailing cyanided........ 96-1
16 |Concentrate 5.0
ailing. ... 95.0
Feed (cal.) .. 100-0
Tailing cyanided. . 05:0
17 |Concentrate............. 5.7
Tailing....ooovviernnines 04-3
Feed (cal.)eevivrvnvninn, 100-0
Tailing cyanided. ....... 04-3
18 {Concentrate............. 36
Taiing...oovvvinvinnines 96-4
Feed (oal).euvv.vennnnn. 100-0
Tailing cyanided........ 06-4

Reagents consumed in the above tests are as follows in pounds per
ton of blanket tailing:—

_ KCN CaO
Test No. 15 0-7 3.7
« 16.. 1-0 4.0
« 17. 1-3 4.0
o« . 13 4.0
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Screen test of the blanket tailings produced in Tests Nos. 15 to 18
showed the grinding to be ag follows:—

Weight, Weight, Weight, Weight, Weight,
Test No. per cent per cent per cent, per cent per cent Total
—48-465 —05+4100 | —100-150 | —150--200 —200
L 0:5 5.0 10-4 20-1 640 100:0
I6.eeveevniinvnnnnins 00 0-8 4.2 15-4 79-6 100-0
17 i, 0-0 0-3 2-7 10-9 86-1 100-0
18iiiiiiniinnininnnns 0-0 03 2-8 9.7 87-2 100-

CYANIDATION WITH TABLING

Test No. 19

The ore at —14 mesh was ground in a ball mill for 20 minutes and
agitated in cyanide solution, 4-0 pounds KCN per ton for 24 hours. A
sample of the cyanide tailing was taken out for assay and the remainder
passed over a small laboratory-size concentrating table. The table con-
centrate assayed 0-03 ounce per tonin gold and after treatment with cyanide
solution the gold content was reduced to 0-02 ounce per ton. In this
operation 14 pounds of potassium cyanide was used per ton of table
corllcentrate. Itis, therefore, evident that this step would be of no economic
value.

CYCLE TEST
Tests Nos. 20 to 23

In this test the ore, ground dry all through 150-mesh screen, was
agitated in cyanide solution, 2-0 pounds KCN per ton for 24 hours. The
pregnant solution was then filtered, made up to proper strength and volume
and used to treat another batch of fresh ore. The operation was repeated
until four batches of ore had been treated with this one batch of solution.
The tailing from each cycle was assayed to see if any falling-off in extraction
occurred from repeated use of the same solution.

Results:

Tailing .
Test No. agsay, Elel”ﬁag::l%n.
Au, oz/ton | P

0-035 97-1
0-045 96-3
0-08 93-4
0-105 91-3

Chemical analyses of the pregnant solution showed that it contained
the following ingredients;

Iron. . cveie i 0-0030 gramme per litre
Potassium thiocyanate..........cooevvevinnees 2-67 wow
Reducing POWeT..ovvrureresnererrsrosessssnnss 1,843 ec.c. —IS KMnOqper litre

10
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BLANKETING

Test No. 24

In this test 8,000 grammes of ore was ground 65 per cent through
200 mesh and passed over a corduroy blanket set at a slope of 2-5 inches
per foot. Samples of the concentrate and tailing were assayed for gold.
A sample of the concentrate was barrel-amalgamated with mercury for
two hours. Two dozen steel balls were put in the amalgamation barrel to
grind the concentrate. Two samples of the blanket tailing were cyanided,
one without further grinding and one ground 79 per cent through 200
mesh. Two other samples of the blanket tailing were floated, one ground
79 per cent through 200 mesh and the second 90 per cent through 200 mesh.

The flotation reagents used in pounds per ton of blanket tailing were
as follows:

LS 16 V- e 5-0 lb./ton
Potassium amyl xanthate.......coveviiieiiiiiiiiiiiiiiiiiiiinne 020 “
5 T 1 S 010 “

A barrel-amalgamation test was made on a composite sample of the
two flotation concentrates.

Results of Blanket Concentration:

. Assay, . Distribu-
Product Welghnté Au, Extract;&n, tion of gold,

per ce oz/ton per ce per cent
Coneentrate. .....ovvevvierieeeiiiiiiiiiiin 5.4 20072 [oviiiiinans 87-1
T D, et eerenenrenrensnecaraeonsnnanens 94.6 0175[....0vuninn 12-9
Head (C2l) . cvireiieieiireerrerianiesinennnnns 100-0 1284 ..00vienn 100-0
Concentrate amalgamated........coovveeivne 54 0-19 99-1 [ooviiiinnne

Net recovery by barrel amalgamation of blanket concentrate, 99-10 X 87-1=86+3 per cent
total gold.

Results of Cyanidation of Blanket Tailing:
(2) Without further grinding—

Teed to cyanidation.......:..covvvniinnnne 0-175 oz/ton in gold
Cyanidation tailing........oovvieivnnenn. 0-01 “ “
BExtraction..o..oeiiivn i iiiiiiaes 04-3  per cent
N et TeCOVeTY . et iverivecaneecaerarsansas 94.3 X 129 = 12-2 per cent total gold
Reagents consumed, 1b/ton tailing......... KCN [I-15
Ca0 5:10

(b) Blanket tailing ground 79 per cent through 200 mesh—
Teed to cyanidation.....oocvvviveriieeenn 0-175 oz/ton in gold
Cyanidation tailing........ccivvniinernsns 0-005 ¢ «“
EXtraction.. v eiisiiiiisieriiisinniess 97-1 per cent
Net TeCOVeTY uv it iveerenercsersornnses 971 X 12-9 = 125 per cent total gold
Reagents consumed, 1b/ton tailing......... IéC(l;T égg

o .

Results of Flotation of Blanket Tailing:
(e¢) Ground 79 per cent through 200 mesh—

. Assay, Distribu-
Produot Weight, Au tion of gold
pet cent oz/t(')n per cent !
Flotation concentrate......ovvvvrrerenverrivisiiriensneennes 9.1 1-58 86-4
Flotation tailing....cvivrveierirrunreneaesorsnonssenarnsons 90-9 0-025 156
Blanket tailing (CRL.) ... uutitertenieniirneoriiiiiiiinsnns 1000 0-167 100-0

Net recovery in flotation concentrate, 86-4 X 12-9=11-1 per cent total gold.
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(d) Ground 90 per cent through 200 mesh—

: Assay Distribu-
Product VZ?%?& Au, " | tion of gold,

p oz/ton per cent
Flotation concentrate.....ovvvveiiiinieiieirinenernenaensss 6:0 2:60 892
Flotation tailing. ....coovivinin ittt iieineiennes 94.0 0-02 10-8
Blanket tailing (cal.)......coooiiiiiiiiiiiii e 100-0 0-175 100-0

Net recovery in flotation concentrate, 89-2 X 12-9 = 11-5 per cent total gold

BARREL AMALGAMATION OF FLOTATION CONCENTRATE

A composite sample of the two flotation concentrates was amalga-
mated with mercury for two hours in a jar mill. Two dozen steel balls
were added to grind the concentrate.

Results:
Feed to amalgamation..........oovveiiiniinnns 1.98 oz/ton in gold
Amalgamation tailing.......co.ooiiviiiiniiii. 0295 “ “
Extraction......ooooiiiiniiiiiiiiiiiinennieina. 85:1  per cent
N Ot PCCOVELY . v v v tstevinreenesnusseennesaraens 85:1 X 11-3* = 9.6 per cent total gold

*Average recovery in flotation concentrates Tests Nos. 24 (c) and 24 (d).

The mercury in this test was badly flocculated. The addition of
some lime to the amalgamation barrel before the mercury is put in might
prevent this.

CONCLUSIONS

The method of treatment most suitable to this ore is blanket concen-
tration followed by cyanidation of the blanket tailing. 'The blanket
concentrate should be barrel-amalgamated and the amalgamation tailing
discarded because its introduction into the cyanide eireuit would cause
excessive reagent consumption as well as poor extraction on account of its
fouling properties. A comparison of the reagent consumption in Tests
Nos. 1 to 8, where all of the ore was treated by eyanidation, with that in
the cyanidation tests on blanket tailing Tests Nos. 15 to 18, will show the
extent of the saving in reagents to be so effected. Tests Nos. 20 to 23 show
a rapid ascent in tailing assays when four lots of ore were treated succes-
sively with one batch of solution. This is probably caused by the pyrrho-
tite i the ore forming thiocyanates and otherwise causing a strongly
reducing condition in the solution.

An alternative to cyanidation of the blanket tailing would be to
regrind it and concentrate it by flotation. The flotation concentrate would
then be barrel-amalgamated either with the blanket concentrate or by
itself. In this way 959 per cent of the total gold in the ore can be recov-
ered as bullion against 98-8 per cent when the blanket concentrate is
barrel-amalgamated and the blanket tailing cyanided.

If flotation of the blanket tailing were to be considered, the problem
of flocculated or sickened mercury caused by amalgamation of this con-
centrate would have to be dealt with. It is probable, however, that it
could be overcome by washing and conditioning the concentrate before the
mercury is added, as flotation reagents, such as xanthates, are at least part
of the cause.
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Ore Dressing and Metallurgical Investigation No. 555

GOLD ORE FROM CASEY SUMMIT GOLD MINES, LTD., SUMMIT LAKE
DISTRICT, ONTARIO

Shipment. A shipment of 55 pounds of ore was received on January
4, 1934, from Casey Summit Gold Mines, Ltd., Summit Lake distriet,
Ohntario. The shipment was submitted by H. F. Faney, superintendent of
the mine.

Characteristics. The gangue consists of bluish grey, smoky quartz
which contains small veinlets of carbonate. The metallic minerals are
arsenopyrite, pyrrhotite, pyrite, chalcopyrite, and native gold. Arseno-
pyrite is the most abundant, but only very sparingly disseminated.

Native gold is present in the quartz, usually associated with the fine
carbonate veinlets.

Except for the absence of galena, the occurrence of the gold in the

uartz and its absence from the arsenopyrite, and the smoky character of

the quartz, this sample is very similar to the one submitted previously
from Ventures, Limited, Summit Lake property.

The ore was crushed to minus 14 mesh and sampled by standard
methods.

The analysis of the ore was as follows:

7o) 1 PN 1795 oz/ton
N T3 7 S N 0:64 per cent

ExperiMENTAL TESTS

The test work consisted of pan and barrel amalgamations on different
sizes of ore, followed by blanket concentration of the amalgamation tailing.
The blanket concentrates were combined and barrel-amalgamated.

A classification test was made in which the classifier overflow was run
over blankets. The oversize from the classifier and the blanket concen-
trate were then barrel-amalgamated.

Results indicate that the gold is suitable for amalgamation treatment
and good recoveries were obtained.

Three pan-amalgamation tests were carried out on 1,000-gramme
samples of minus 14-mesh ore ground wet for different periods of time.
An amalgamated copper gold pan was used in a similar manner to panning a
gold gravel. The amalgamation-pan tailings were then run over corduroy
blankets and the blanket concentrates of the three tests combined and
barrel-amalgamated.
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Test No. 1

A sample, 1,000 grammes, of ore ground wet for 10 minutes in a
pebble jar was pan-amalgamated. The tailing assayed 0-51 ounce per
ton, showing a gold recovery of 71:5 per cent.

Sereen Test of Pan Tailing:

Mesh Weight,

Blanket Test of Pan Tailing:

. Assay, Distribu- | Ratio of
Product Vgglggntt, Au, tion of gold,| concentra-
P oz/ton per cent tion
Concentrate......ooovvrivviiniiiiiiiiiiiiin 6-39 5-49 68-8 15-6:1
Tailing..ooviirniiienreernonsonnenerasseeenees 9361 0-17 31.2 :
Test No. 2

A sample, 1,000 grammes, was ground wet for 20 minutes and pan-
amalgamated. The tailing assayed 0-275 ounce per ton, showing a gold
recovery of 84:.6 per cent.

Screen Test of Pan Tailing:

Weight,
Mesh per cent

Blanket Test of Pan Tailing:

Weight, Axls{;ay, Distribu- [ Ratio of

Product u, tion of gold,| concentra-
per cent oz/ton per cent tion
Concentrate.......ooveviviiviniiiiiiiiiiiinn, 8-12 2:70 79-9 12:3:1

TRIling. .ovusiiiviiriniireneeniineniiirnnanens 91-88 0-06 20-1
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Test No. 3
A sample, 1,000 grammes, was ground wet for 30 minutes and pan-

amalgamated. The tailing assayed 0-115 ounce per ton, showing a gold
recovery of 935 per cent.

Screen Test of Pan Tailing:

Weight,

Mesh per cent
BB ittt e e i ettt e e ee e e ettt e ta st tia et araaetenaerres 0
L 2.1
B s ittt i e et et e i ettt e et e ettt et eraans 9.5
200, sttt et i e e e et et ettt eaa st beiae e ety 18-4
Lot 1| PO 70-0
100-0

Blanket Test of Pan Tailing:

s Assay, Distribu- Ratio of
Product Wi‘%}g’t’ Au, tion of gold,| concentra-
be oz/ton per cent tion
Conegentrate, .....ovieeiiiineieiiiinneiaiiae.. 9-09 0-815 64.4 11:1
£ B 90.91 0-045 356 *

The combined blanket concentrates from Tests Nos. 1, 2, and 3, weight
1917 grammes, were barrel-amalgamated with 250 c.c. of water and 25
grammes of mercury for one-half hour. The calculated gold content was
2.70 ounces per ton.

Assays R
ecovery,
Product Au, Arsenic, per cent
oz/ton yer cent
B0 1-03 3-80 61-8

The high tailing from the amalgamation of the blanket concentrates
would indicate that the gold in these products is closely tied up with the
aresnopyrite grains, This product represents only about 6 to 9 per cent
of the original weight of the ore.

Capitulation of Results Tests Nos. 1, 2, and 3
Test No. 1: Ore 81 -7 per cent minus 200 mesh

Gold recovered on amalgamation PAN. .vviieie it vererieereneraanns 71+5 per cent,
Possible gold recovery by blankets, 688 per cent of 28-5 per cent.. 196

Possible overall reCOVerY . vuivieriirvieirerensroianans 91.1 ¢
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Test No. 2: Ore 67-9 per cent minus 200 mesh

Gold recovered on amalgamation pan........cevereeinerniereninass 846 per cent
Possible gold recovery by blankets, 79-9 per cent of 15-4 per cent.. 123 ¢

Possible overall 1eCoVery...ooveverererererireecnsrsnes 96-9
Test No. 8: Ore 70 per cent minus 200 mesh
Gold recovered on amalgamation PaN.....ovveiiiieirieeiineieieans 93-5 per cent
Possible gold recovery by blankets, 644 per cent of 6-5 per cent. .. 2 %

Possible overall TeCOVery....ivoveuernererernirronoanss 97.7 «

The following two tests were barrel amalgamations on samples given
«different periods of grinding. The tailing in each case was run over cor-
.duroy blankets. The blanket concentrates were combined and barrel-
amalgamated.

Test No. 4

A sample, 1,000 grammes, of minus 14-mesh ore was ground wet for
15 minutes and then barrel-amalgamated with 100 grammes of mercury for
one-half hour. The tailing assayed 0-145 ounce per ton showing a gold
recovery of 91-9 per cent. No sickening.of the mercury was noted.

Screen Test of Amalgamation Tailing:

Weight
Mesh per cent
2 2:0
L 12PN 4.5
o L 23+1
L 1125 PN 18-7
11 L1 PN 15-6
L1111 RPN 36-1
100-0
Blanket Test of Amalgamation Tailing:
. Agsay Distribu- | Ratio of
Product vZ‘:_'ggfé Au, tion of gold,| concentra-
p oz/ton per cent tion
\CONEENTALE. . «ov e erseeseseaesseassnaanasnnss | 813 | 0-823 462 19:311
Talling. ettt 91-87 0-085 53-8 *
Test No. 6

In this test the ore was ground for 30 minutes prior to amalgamation
for one-half hour, The tailing assayed 0-16 ounce per ton showing a gold
recovery of 91 per cent.

Secreen Test of Amalgamation Tailing:

Weight,

Mesh per cent
L1112 2:7
o 15 8.7
o1 210
00 et et et e e e et e s e e e s e e te e e a e 67-6
100-0
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Blanket Test of Amalgamation Tailing:

. Assay Distribu- | Ratio of
Product V‘églggg Au, ' | tionof gold, concentra-
p oz/ton per cent tion
Concentrate........covvveieveniens, ereeiaeaen 9-40 0-64 377
. 10-6:1-
Tailing. c.ovviis e iieaneriierenaernaeennenns 90-60 0.11 62-3

The combined blanket concentrates from Tests Nos. 4 and 5 (139-7
grammes) were barrel-amalgamated for a half hour. The calculated gold
content was 0:724 ounce per ton.

Assays R
ecovery,
Product Au, Arsenie, per cent ’
oz/ton per cent
B 13T Pt 0-41 315 43-3
Capitulation of Results of Tests Nos. 4 and 5
Test No. 4: Ore 361 per cent minus 200 mesh.
Gold recovered by barrel amalgamation......oovvviiiivirneeninnes 91+9 per cent
Possible gold recovery by blankets, 46-2 per cent of 81 per cent.... 3.7 ¢
Possible overall TeCoOVery..vvviveii it iiiiieeenrerenens 956 «
Test No. 5: Ore 67 -6 per cent minus 200 mesh.
Gold recovered by barrel amalgamation......o.vvuveiveiiniiriiin. 91-0 per cent
Possible gold recovery by blankets, 87-7 per cent of 9:0 per cent.... 3:4 ¢
Possible overall TeCOVEIY..vvvverriiirnirennns N 94.4 ¢

In the barrel amalgamation very fine grinding does not appear to be
essential.

Test No. 6

A sample, 1,000 grammes, of —14-mesh ore was ground wet in a
pebble jar for 15 minutes. The pulp was then run through a hydraulic
classifier, The oversize was collected and agsayed. The overflow was run
over corduroy blankets. Results show the possible gold retained in a
trap from the ball mill discharge.

Assay of classifier oversize, 20ld. ..ooviiiiiinii ittt 31:0 oz/ton
Per cent weight.......oovviiiiiiiiiiiiii 4-78

Assay of blanket concentrate, gold 2:99 oz/ton

Assay of blanket tailing, gold......voiiviiniiiiiiiiiiiiiiiieaann, 0-105
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Screen Test of Blanket Tailing:

Mesh Weight,

The classifier oversize contains 84 -3 per cent of the gold in the charge.

CONCLUSIONS

The results of the tests indicate that amalgamation will prove a satis-
factory method of treatment for gold recovery. Tests show a recovery of
over 91 per cent of the gold in barrel amalgamation with ore ground to
have 36 per cent pass a 200-mesh sereen. By blanketing the amalgamation
tailing a further concentrate is obtained which, when barrel-amalgamated,
shows a further 40 per cent (approx.) recovery of the remaining gold.

The gold in the blanket concentrates may be closely associated with
the arsenopyrite, although the microscopic analysis does not indicate this.

A suggested flow-sheet is as follows:

Crushed ore to ball mill, mercury trap, amalgamation, and classifier.
The oversize from the classifier returned to the ball mill while the classifier
tailing passed over corduroy blanket tables. The blanket concentrate
would be barrel-amalgamated. There should be an advantage in placing
the amalgamators between the ball mill and the classifier.
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Ore Dressing and Metallurgical Investigation No. 556
GOLD ORE FROM THE DUFFERIN MINE, NOVA SCOTIA

Shipment. A. shipment consisting of two barrels containing 740
pounds of gold ore was received December 16, 1933. It was submitted by
A, M. Nairn, Secretary, Saddle Reef Gold Mines, Limited, 3555 Shuter
Street, Montreal. The material was said to have been taken from the
Dufferin mine, Port Dufferin, Nova Scotia.

Characteristics of the Ore. The ore was examined in the mineragraphic
laboratory and found to consist of a grey to white vein quartz gangue with
local dark grey, slaty or quartzitic material. The metallic minerals are
arsenopyrite, galena, and native gold. The arsenopyrite is disseminated
in the quartz as coarse crystals and coarsely crystalline aggregates. Galena
is rare and occurs as small iiregular grains in the quartz and arsenopyrite.
The gold noticed in the specimens examined was in small irregular grains
in quartz and in contact with large crystals of arsenopyrite.

ExpERIMENTAL TEsSTS

The shipment was crushed, sampled, and assayed, showing the ore to
contain 5-94 ounces gold, 0-19 ounce silver per ton; and 0-88 per cent
arsenie.

Tests were made by amalgamation and eyanidation, the results of
which showed that 79 per cent of the gold can be amalgamated from ore
ground —48 mesh. Straight eyanidation of the same coarsely-ground ore
gives a recovery of 99-5 per cent of the gold.

AMALGAMATION

Test No. 1

A sample of the ore was ground to pass 48 mesh with 42 per cent
through 200 mesh, and amalgamated.

Results:
TG 5.94 oz./ton
T D . v v v e vt ereonnernenenerennenensnerenesennens 1.26 «
e P 78-8 per cent

Test No. 2

A sample ground to pass 100 mesh was treated as in Test No. 1. The
amalgamation tailing was then cyanided for 48 hours with a 1-0 pound per
ton eyanide solution, 1 : 3 dilution.

Results:
T 5.94 0z./ton
Amalgamation tailing......vviviii i it i eiiniir s 1.36 «
Recovery by amalgamation...ooovuveviieeiivieineineenens 77.1 per cent
Cyanide tailing.......... v e et enaeare et eteerar e enarens 0:02 oz./ton

Recovery, amalgamation and oyanidation................. 99.7 per cent
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CYANIDATION
Test No. 8

Samples of the ore were ground to pass 48-, 100-, 150-, and 200-mesh
and agitated, 1 : 3 dilution, for 48 hours with a 1-0 pound per ton KCN
solution. Sufficient lime was added to maintain protective alkalinity.

Results:
. Reagent consumption
. Agitation, Feed, Tailing, Extraction, 1b/ton ’
Mesh grind hours Ay, Au, or cont .
oz/ton oz/ton p KON Ca0
24 5:94 0.03 99:5 0-9 5:0
43 5:-94 0:03 99-5 0-9 5.2
24 5:94 0-04 993 0-6 5.7
48 5:94 0:04 99.3 1.5 6:2
24 5:94 0:03 99.5 2.6 5.7
48 5:94 0045 99.2 2:4 67
24 5-94 0:03 99.5 24 5:6
48 5-94 0:04 99.3 21 66

These results show that the maximum extraction of 99.5 per cent is
attained from 48-mesh material within 24 hours.

SUMMARY AND CONCLUSIONS

The sample furnished is of such extremely high grade that it can not
be regarded as representative of the ore that would be mined.

This investigation indicates that the gold is readily soluble in cyanide
solution and that 75 per cent is freed at minus 48-mesh grinding.

Cyanidation is the process indicated by these tests. A trap could be
placed at the discharge end of the grinding mill to ensure that no coarse
gold finds its way into the cyanide agitators. The clean-up from this trap
should be barrel-amalgamated and the tailing added to the cyanide cireuit
for further treatment.

If it be desired to recover the arsenopyrite in the ore, the cyanide
tailing after filtration could be repulped in water and passed over con-
cenfrating tables.

847123
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Ore Dressing and Metallurgical Investigation No. 557

SILVER AND SILVER-PITCHBLENDE ORE FROM BEAR EXPLORATION AND
RADIUM, LIMITED, GREAT BEAR LAKE, N.W.T.

Shipment. A shipment of silver ore, net weight 77 pounds, was
received on September 21, 1932. The sample was reported as coming
from a property on Contact lake, Great Bear lake, N.W.T., and was sub-
mitted by Major B. Day of the Bear Exploration and Radium, Limited.

A second shipment consisting of 6 bags, weight 580 pounds, was
received on October 7, 1933, from a different locality on the same property.
The first shipment was designated Lot No. 1, the second, Lot No. 2.

Experimental work on Lot No. 2 consisted principally of plehmmaly
tests on concentration of the pitchblende.

Lot No. 1

Characteristics. The sample consisted of high-grade silver ore in
which the silver is most abundant in the native state. It occurs as irregular
grains in the gangue, as tiny veinlets in earlier sulphides, and quite often
assumes a pattern suggestive of dendritic growth. Tetrahedrite is present
in minor quantities. Bornite and chalcocite are also present. Pitch-
blende is not present in this sample.

The gangue minerals are largely manganese and iron-bearing carbon-
ates and minor amounts of quartz and a black silicate.

The chemical analysis of the ore is as follows:

Ml B0 . 4 v veeeevrannenenaesssssassanssnsosssnssssncansonanns 21-15 per cent
«©

“"
“"

Sulphur....oovveienens e . “
Soluble sulphate (SOs) “«
16703 1 None

ExrEriMeNTAL TESTS

A number of tests were made, including tabling, amalgamatmn,
blanket concentration, ecyanidation, and flotation.
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TABLING
Test No. 1
A sample, 3,000 grammes, of the ore, 20 mesh in size, was fed to a

sma]l laboratory Wilfley table and the following products cut out and
assayed for silver:

(0778 7 T Silver, 8,684-62 oz/ton
«“ QAL “ 8,690-54 ¢
« 2B, 877-60 “
“ 2C. i «“ 722-20 «
«“ I I T “ 633-40

«“ 381-92 ¢
“ 451-07  «
“ 410-61  “

Slxme “ 3, 000 “

AMALGAMATION

Three amalgamation tests were made. The ore was ground with
mercury in a small ball mill and the amalgam recovered in a hydraulic

classifier.
Test No. 1
Charge to mell:
O, e tett v e aee et eneneneneeannensasassnonenoncnssontnonianans 1,000 grammes
JULS T o N 1,000 «
Pulp ratio. 2:1
Time of grinding. ... vuvernriienin i iiin e itieienennons 9 hours
Agsay of tailing.............. Silver, 130-56 oz/ton
Silver recovery.............. 91.6 per cent
The pulp was found to be too thick.
Test No. 2
Charge to mall:
L. ettt ere e eanttnennen et rnansonensososooosnonesnoesnnanss 1,000 grammes
MO OUTY e et ettt eeetneaneneneonenoonenanoenonsenosesososrsonsens , O «“
qodmm hydroxide......oovveviiinniiiieiiiin i 5 1b/ton
3§ 13 T T N 1:1
Time of grIndIng. vvsvreeru e ie e irerentnenrirenenss 6 hours
Asgsay of tailing. c.vvrvuviiinininniiieeniciiiniinini, Silver, 132+24 oz/ton
RS u e o N3 o PR 91-5 per cent
Amalgam cleaner than in Test No. 1.
Test No. 3
Charge to mill:
Ore....... et rriraees e Ceeans [P, 1,000 grammes
B2 0011 RPN ceeenenees 1,000 0 ¢
KON ittitititiorisieranesinnienns e, cieveviieens 9:01b/ton
(7 Y 2 T 11 ¢
Pulp ratio..... P [ S |
Time of grinding..uu. cvveerieneneirrerneesnenerenssoersonenesens 6 hours
Assay of tailing..oo.ovvrviiviiniiiiiinieinanrinsen. ... Silver, 98-0 0z/ton
Silver 1eCOVery...ooovver.n.. et verenioarieneene.. 93:7 per cent
Amalgam was very clean.
Silver Recovery from Amalgam
Mercury used in8 tests...ovvvvrverrriienrvnennons ey ...3,000 grammes
Mercury recovered by straining and retortmg PN .. ,2,90 «“
Weight of residue from retort............... e, “
Weight of silver ingot recovered...... Ceaens et er e 152-75 “

84712—3%
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Barrel amalgamation affords a simple method of obtaining high silver
recovery on high-grade ore. Test No. 3 gave the cleanest amalgam mix-
ture and also a lower tailing than the other tests.

PRELIMINARY FLOTATION TESTS ON AMALGAMATION TAILING

The object of flotation is to concentrate the low-grade silver ore
sufficiently to make it suitable for amalgamation. The preliminary tests
run were on amalgamation tailing as no low-grade ore was available.

On Tests Nos. 1, 2, and 4 a frothing mixture of 15 per cent pine oil,
75 per cent coal-tar creosote, and 10 per cent coal tar was used.

Test No. 1

Charge, 400 grammes amalgamation tailing (silver 130-56 ounces per
ton), 4 drops frothing mixture. Conditioned in cell.

. s Distribution
Weight Silver. s
Product ° ! ' of silver,
1‘)e1 cent, oz/ton per cent
L0715 10T 18 TG 16-2 12482 15-5
51T O 83-8 13196 845

No- concentration was effected.

Test No. 2

Charge, same as Test No. 1. Potassium xanthate 1 pound per ton,
and 2 drops frothing mixture added.

—

R . Distribu-
Product We}ght, Silver, tionofsilver,
per cent, oz/ton per cent
COnCENbIAtE. o v vttt iie i it 10-7 188:32 156
B 5 1  PN 89-3 122:00 84:4 .

A little concentration was effected.

Test No. 8

In this test sodium sulphide, 1 pound per ton, and pine oil were used.
No concentration was effected.

Test No. 4

A charge, 400 grammes, of amalgamation tailing (silver 132-24 ounces
per ton) was ground in the mill for 15 minutes with sodium sulphide, 2
pounds per ton, potassium xanthate, 1 pound per ton, and a frothing
mixture, 1 drop.
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. s Digtribution
Weight Silver h
Product H ! of silver,
per cent, oz/ton per cent
ConeentTAte. .. o.vvvt et i rier i 6-7 5294 272
B 1 P 93-3 101-8 72:8

A concentration was effected, but the tailing still retained a large bulk
of the silver and was high in silver.

TABLING

Test No. 2

A sample, 3,000 grammes of ore, minus 20 mesh, was tabled on a
laboratory Wilfley table. The first cut was retained for amalgamation.
The second cut and the sand tailing were reground for twenty minutes and
again tabled. The first cut (LA) was retained, the tailing and slime were
reserved for subsequent flotation. .

Results:
. . Distribution
Weight Silver 5
Product H ! of silver,
per cent oz/ton por cent
Cutl............. 22-14 4,738.66 64.4 81.5
CutlA............ 380 7,627 b4 17-1
Tailing and slime. e 65-81 38880 167
Slime (10SS)..vevvverererniieniaenns 8-25 390-31 2-8
100-00

FLOTATION OF TABLE TAILING

Test No. 6

The tailing and slime from Table Test No. 2 were ground for one
hour with: sodium silicate, 1 pound per ton; potassium xanthate, 2 pounds
per ton; and coal-tar creosote, 0-1 pound per ton. To the cell pine oil,
0-05 pound per ton, was added; and the pulp was conditioned for 15 min-
utes.

Results:
. s Distribution
Weight Silver h
Product ! ! of silver,
per cent oz/ton per cent
[ @76 1001<Y 117127 7~ SN 56 4,291.6 62.1
B 1 94-4 155-34 37-9
100-0
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Screen Test on Flotation Tailing:

Mesh Per cent

The recoveries by tabling and flotation are as follows:

Silver recovery on tableS. v 815 per cent
Silver recovery from tailing and slime by flotation, 15.7 X 0-621... 9- “
OVerall TECOVErY . vuverieveerrernrernirrnstnnnennennns 91.2 ¢

TABLING AND FLOTATION
Test No. 8

A sample, 3,000 grammes, of ore minus 20 mesh was tabled on a
laboratory Wilfley table. The first cut was retained, and the second cut
and the sand tailing were ground for 45 minutes and again tabled. Two
guts (CillA and 1B) were retained, the tailing and slime being subsequently

oated.

Results of Table Test No. 3:

s . Distribution
‘Weight Silver h
Product . per cent oz/tox; %feilh‘;%l;'
2110 5,546:81 | - 69-2
2:13 8,348:45 11.4;86-3
3.11 3,103-73 57
65+74 314.82 12.2
7.92 28805 1-5
10000

The table tailing and slime, just over 1,600 grammes, were ground for
one hour with 30 drops of coal-tar creosote, 10 c.c. sodium silicate, and 1
gramme potassium xanthate, and floated.

The first concentrate was taken off without any reagents to cell.
A drop of pine oil was added and a second concentrate floated.

Resulis of Flotation Test No. 6: ’

. . Distribution
‘Weight Silver, h
Product per cent oz/ton (;)feiliz‘éirt'
Coneentrate A...eveiiiieeieiiieiiiin e, 56 3,548.20 63'0169‘0
Concontrate B R 1-9 1,000-28 6-0f
BT 92-5 105-40 31.0
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"The recoveries by tabling and flotation are as follows:

Recovery by tabling..oe. e ineeiiiieininiitivineinneinnes

. 863 per cent
Recovery from tailing and slime by flotation, 122 X 0-69.... 8.4 ¢

sene

OVerall TECOVEIY . .vesseerenrrernssnosnesoraserenussons 94.7

BLANKET CONCENTRATION AND FLOTATION

Test No. 1

A sample, 500 grammes of ore, minus 20 mesh, was ground for 30
minutes and the pulp then run over a special corduroy blanket having a
slope of 25 inches in 16 inches.

Results of Blanket Concentration Test No. 1:

. . Distribution
‘Weight, Silver :
Product per cent o0z/ ton’ (;erillc‘:ai%
[ 0710 1 eTe3 1150 7= AR R 20.4 6,476:63 799
B3 1N 79:6 415-84 201

The tailing from the blankets was ground for one hour with 15 drops
of coal-tar creosote, 5 c.c. sodium silicate, and 0-5 gramme potassium
xanthate, and floated,

Results of Flotation Test No. 7:

. . Distribution
Weight Silver h
Product ) ! of silver,
per cent oz/ton per cent
COnCENTIAbe, suvvrerereeiererreanoensssessrssenresssssnns 19-56 1,506-8 80-8
AR, s vvere v iverrerorinsniisieineesisessioirionenns 80-44 01-8 192

The recoveries by blanket concentration and subsequent flotation of
tailing are as follows:

Recovery in blanket concentrate.......o.ovvvvvuviiiiiiiiiiiiiina 799 per cent
Recovery in flotation of blanket tailing, 20-1 X 0:808.............. 6.2 «
OVerall TECOVEEY . evererunrusursrennssriorsesnsosrnees 96.1

The combined table concentrate and flotation concentrate were
barrel-amalgamated.

Weightofdproducts....... ..... e eieeineneninirneeeiae., 1,451-5 grammes
Calculated agsay, silver...ccooevviveiiserinnns e, . 5,187-35 oz/ton
Charge for amalgamation:
OrC.vveernierennnnens et ieeens i, 1,451-5gmn‘r‘nmes
..... e 1b/ton
. . . 2 113
Water.ooweerrevennnnn S PPN 750 c.c.

Grinding time. .o ovevuverreierrorearsrenersorsiiseionieriinns 6 hours

The tailing assayed 296-0 ounces silver per ton, showing a recovery by
amalgamation of 94-2 per cent.
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CYANIDATION TESTS

__A number of cyanidation tests were run under various conditions.
Difficulties were encountered owing to the manganese content of the ore.
These difficulties are discussed in detail after a description of the tests.

Test No. 1

A sample, 2,000 grammes, of ore was ground for 24 hours in a small
ball mill. The ball mill was then opened and 75 pounds chloride of lime
per ton added and the charge ground for a further period of 16 hours.
The charge was then washed out and the metallic silver recovered on a
200-mesh screen. The 200-mesh product was filtered and washed to
remove soluble chlorides and then treated with cyanide. This was found
unsatisfactory owing to the difficulty of keeping the pulp alkaline. Over
250 pounds of lime per ton was added, the lime being consumed at a uniform
rate of about 40 pounds per ton per hour.

Test No. 2

A sample, 500 grammes, of ore was ground for 9 hours and then
agitated in a pail with cyanide solution:

Total Total Reugenfs /cgusumed, A
Pulp ol o on Time S80Y | Recovery,
Charge s Ca0, NaCN, ! tailing, ’
ratio grm. grm. KCN | CaO hours oz/ton | PF cent
500......... 10:7: 1 189 66:5 209 750 72 ‘ 34:5 ‘ 97.7

The high cyanide and lime consumption is no doubt due to the man-
ganese carbonate present in the ore. Subsequent tests tend to confirm
this and a more complete discussion follows later in this report.

The ore pulp without addition of reagents was found to have a pH
value of 8.4,

Test No. 8

A sample, 500 grammes, of ore was ground in a small ball mill for 16
hours. The charge was then screened on a 200-mesh screen and the silver
metallies retained. The 200-mesh product was agitated in a pail at a
10 : 1 dilution with sodium ecyanide and ammonium carbonate. The
initial charge was 20 grammes of cyanide and 50 grammes ammonium
carbonate.

The ammonium carbonate was used in place of lime, because of the
heavy lime consumption in Test No. 2.

Time of treatment was 72 hours during which the KCN consumption
was 394-1 pounds per ton. There was no apparent consumption of
ammonium carbonate.

. 'The tailing assayed 107-55 ounces per ton and the metallics 116-97
milligrams of silver, giving an overall recovery of silver of 93-52 per cent.

Test No. 4

A sample, 500 grammes, of ore was roasted for half an hour at a
temperature around 725° C. to break up the carbonates. The calcine,
weight 480 grammes, was then ground in a ball mill for 16 hours. The
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charge was screened on a 200-mesh screen to recover the metallics and the
200-mesh product was treated with cyanide in a pail at a dilution of 10-4 : 1
for 72 hours. The KCN concentration was kept as nearly as possible to
10 pounds per ton. The KCN consumption was 975 pounds per ton and
the lime 171-92 pounds per ton.

The metallics assayed 1,920 milligrams of silver and the tailing 419-20
ounces per ton, giving a total silver recovery of 79-45 per cent.

Calcination of the ore prior to cyanidation appears to lower the silver
Tecovery.

Test No. &

A sample, 500 grammes, of ore ground for 16 hours as in previous
tests and then agitated for 96 hours in cyanide solution at a dilution of
10 : 1. Ammonium carbonate, 10 grammes, was added, and a total of 80
grammes of NaCN. After a time 1t became impossible to titrate for free
cyanide owing to the murkiness of the solution on further dilution. The
solution was tested and found to contain manganese and iron.

The tailing assayed 46-54 ounces per ton with 303-2 milligrams silver
in the metallics. The recovery was 97-02 per cent.

Test No. 6

The same as Test No. 5, with 12-5 grammes CaO instead of ammonium
carbonate. A total of 60 grammes of NaCN was added. The same diffi-
culty was encountered in the solution so that a KCN consumption was not
obtained. The tailing assayed 3-38 ounces per ton, with 1734 milligrams
gilver in the metallies, giving a recovery of 99-74 per cent.

Test No. 7

This test was on tailing from Amalgamation Test No. 3 which assayed
98 ounces silver per ton. A sample, 200 grammes, was ground for 16
hours and agitated in a bottle at a dilution of 237 : 1 without any alkaline
reagents for 72 hours. A total of 28 grammes of NaCN was added. The
solution became fouled with manganese preventing any accurate titration
of the cyanide. The tailing was only 0-50 ounce silver per ton, giving a
recovery of 99-4 per cent.

DISCUSSION OF CYANIDATION TESTS

The results of the cyanidation, although making for a high silver
recovery, show a very high cyanide consumption. It is apparent that the
manganese carbonate acts as a cyanicide.

The very high lime consumption may be due to a reaction with the
carbonate, or more likely it is due to the alkali precipitating the dissolved
manganese and iron. The latter idea is borne out by the fact that the
fouling of the solution does not appear to be so marked when large quanti-
ties of alkali are used as when no alkali or only small quantities are added.
Roasting the ore does not overcome this difficulty and lowers the silver
extraction as well,

Present results from these tests would indicate that cyanidation is not
adaptable to the ore owing to the high consumption of cyanide and the
resultant fouling of the solution with manganese and iron.
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CONCLUSIONS

On high-grade ore such as Lot No. 1, barrel amalgamation offers a
satisfactory form of treatment for silver recovery. Cyanidation is com-
plicated by the action of the manganese and is not a suitable method.
Tabling gives a high silver tailing. Flotation of the table tailing increased
the silver recovery, giving an overall silver recovery by tables and flotation
of 94-7 per cent. Blanket concentration followed by flotation of the
tailing gives an overall silver recovery of 96:1 per cent.

Lot No. 2

The ore in Lot No. 2 had a lower silver content and contained pitch-
blende.

The shipment was sampled and assayed as follows:
Manganese..

14-90 per cent
11-50  «

0.92 ¢
il

20-10 ¢

12.50 «

9.05
83335 oz/ton

PRELIMINARY TESTS ON PITCHBLENDE CONCENTRATION
Screen Analysis of 800 Grammes of 48-mesh Ore:

: Pitch- . s
Weight Manganess, Iron Lime Silica
Mesh per ceni’: blende, per cent per ce’nt per cen’t per cen't
per cent,
3:04 10+49 14.07 10-20 260 12-87
14468 10+36 13.96 10-10 3.43 13.45
1675 1024 14.03 10-10 2-56 13-29
18454 9:60 14.52 10+55 2:50 12:76
47.00 947 15-50 11.42 2:92 10-07
100-00

The screen analysis indicates a close association of the constituent
minerals in the ore.
TABLING

Test No. 1

A sample, 3,000 grammes of the —14-mesh ore, was ground to pass a
48-mesh screen and run over a laboratory Wilfley table. '

Results of Table Test No. 1:

Assays Distribution of metals
Weight . : }

Product per ceni’: Silver, lﬁétn(g: glz\xfx%:; Silver, Iﬁgxcc}]e- glzz{x?s‘e,

oz/ton per cent | per cent per cent per cent | per cent
Cutl.......oovvenin 11.68 | 2,925-97 3500 5.77 43.7 43-2 4.5
Cut2.........00vene, 1940 876-80 850 17.55 217 17-3 23.1
Middling....o.ouvennen . 39-69 448.40 7:00 15.35 227 29.3 41.3
Slime....ovvvuenennnss 29.23 313-70 3.25 15-60 11-9 10-2 31-1




Screen Tests:

Cut 1 Cut 2 Middling
‘Weight, ‘Weight, ‘Weight,
Mesh per ceni’s Mesh per cent Mesh per cent
S L1 PN 5214 65.......000uh i, 25 |4 65, 7-0
s 20 L 21:2 (4+100............... 14:2 |4100........... ... 27-3
F150.00iiiieriiinnn 210 |4150....00000unenes 219 |4150...0ueeninanns. 23-2
+200....cieinennininnn 18:8 |4200.........00.0s. 24.9 |4-200,.............. 15.1
=200, 0iieiininnien. 33:8 [—200............00s 36:5 (—100............... 274
' 100-0 100-0 100-0

The silver recovery is not so good as on the higher grade material.
The concentration of pitchblende is fair, showing over 60 per cent recovered
in the concentrate.

Test No. 2

The test was made on screen-sized products with the object of deter-
mining the concentration of pitchblende at the different sizes. A sample,
4,500 grammes, was crushed in rolls to pass 48-mesh and screened. The
different sizes were tabled on a small, laboratory Wilfley table. The
middling product was re-run over the tables three times.

Results of Table Test No. 2:

Pitch, Digtribfu—
; Weight, ~ Weight, e | e o Total,
Size per cent Product per cent [l))els I(lg,?i-, Pﬂ;;gbég;lge, per cent
Concentrate 11-5 30-42 520 14.32
—48465...........0. 25-5 |Middling,.... 21 18-40 4-4
Tailing..... 86-4 4-39 436
Concentrate 10-0 45-92 50-8 1258
—654100......00000s 20-2 Middling. .. 3:9 26-60 115
Tailing..... 86-1 3-95 377
Concentrate 77 51.32 45-0 4.76
~1004-150........... 9.6 [Middling. .. 1.4 28-76 4.6
Tailing..... 90-9 4.84 50-4
Concentrate 89 47.42 45-3 569
—150-4-200........... 11-1 |Middling... 1-8 31-06 6:0
Tailing..... 893 5-09 487
Concentrate 9-4 41.26 48-5 1670
—=200.....000uinninns 33:6 [Middling... 0-4 23:80 1-2
Tailing..... 90-2 4-46 50-3
7 5405
Total slime................. 216-1 grammes Pitchblende.......... 465 per cent

The table concentrate with the small amount of middling constitutes
a high-grade pitchblende product. The tailings average under 5 per cent
pitchblende but they represent 45 per cent of the pitchblende in the ore.

Sized material makes possible the production of a higher grade product
on the tables than a straight test on —48-mesh ore, although the actual
recoveries of pitchblende were higher in Test No. 1.
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Test No. 3
This test, on a full-size Wilfley table, was carried out with 225 pounds
of ore previously ground to pass a 65-mesh screen. .

The ore was fed wet to the table from an automatic feeder at the rate
of 120 pounds per hour. During the course of the run, the middling prod-
uct was collected and re-run over the table at frequent intervals. The
concentrate from the clean-up of the table was run over a small laboratory
Wilfley table and the products added to those already obtained on the
large table.

Results of Table Test No. 3:

Ass_ays Distribution, per cent
Weight .
Product ! S Pitch-
per cent E;%gln' blende, Silver |Pitchblende
per cent
Concentrate.....oovvevveniniennn. 9.36 3,198:0 4085 36-8 539
Middling......covveviiiininnannns 0:62 1,142-1 10-05 0:8 08
Tailing and slime................ 90-02 450- 3.56 624 453
Screen Tests:
Concentrate Middling Tailing

Weight, Weight Weight

Mesh per cent Mesh per cent Mesh per cent
0-6 [+ 31 [+ 65, .00iinintn 0-1
14.7 346 |4-100........00vutn 13-8
292 257 [+150. . 0eveeennnen. 339
207 14:4 |4200........0000ue 23+5
34.8 22:2 1—200,....000inunnnn 287
100-0 100-0 .~ 100:0

Three flotation tests were run on the tailing from the table test in
order to concentrate further the silver contained therein.

Test No. 4
Additions to grinding jar:
AN, vttt v rereenrnisnrnerenenssesnsstonoerorosnsnosnsnses 1,000 grammes
Waber..ovveverereinrinnsernens 750 c.c.
Coal-tar creosote...........oeuen 20 drops
Sodium ethy! xanthate 1-0 Ib/ton
Sodium silicate........vvvenvrnnn 2:0 ¢
Grinding times. ..o it iy ittt i i i e e 30 minutes.
. Assays Distribution, per cent
Weight Ratio of
Product or gené Silver Pitch- con-
P oz /ton' blende, Silver  |Pitchblende} centration
por cent
Concentrate..,...... 19-8 2,274+2 8:02 80-1 44.6 5:05:1
Tailing,....cvvennnen 80-2 139-0 2:46 19-9 55-4
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Screen Test Flotation Tailing:

Weight,
Mesh per cent
07
14-9
84.4
100-0
Recapitulation of Tests Nos. 8 and 4:
Silver recovery in table concentrate and middling.................. 376 per cent
Silver recovery by flotation of table tailing, 80-1 per cent of 62-4
D) L T P 50-0 “
Possible overall recovery of silver.........covvvnvenns 87-6 «
Test No. 6
Additions to grinding jar:
41151 1,000 grammeg
R 7 T I c.c.
Sodium SilHeate. .. ....viviue e 1-0 Ib/ton
Sodium sulphid veve “«
Sodium ethyl xanthate..... . . 10
Grinding time........cocovvirieniren . 15 minutes
Pine oil t0 Cell..vvvuiiereviririeeririiiiiiariiraeiienianaas 0-05 Ib/ton
. Assay, Distribution Ratio of
Product V\g%‘m silver, of silver, con-~
p oz/ton per cent centration
Coneentrate.....coovvvvrveeesrerinsans 7-9 3,584-0 54-1 126 : 1
Tailing. .\ ooveeeeeieennercaanarenreins 92-1 280-8 45.9 '
Screen Test on Tailing:
Weight,
Mesh per cent,
1-4
79
297
610
Total.....coovvvvinvinins e i 100-0
‘ Test No. 6
Additions to grinding jar:
ili e r e 1,000 grammes
................ 750 c.c.
[O107:0 % 03 VYo 0] 7 VA 30 drops
Sodium silicate.... .. 1.01b/ton
Grinding time. ... ovv vt it ittt iianaaas 15 minutes
No pine oil added
. Assay, Distribution Ratio of
Product VZ';I%:I& silver, of silver, con~
p oz/ton per cent centration
8:4 3,441-6 54.7 .
916 280-9 453 11-9:1
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Screen Test on Tailing:

o Weight,

Mesh per cent
L o 1L TR N 0-9
L L7 O 57
L 4L P 25-7
En 11T O 67-7
B ) A 100-0

Fine grinding is apparently an essential to obtain a high recovery in
the concentrate. A small concentration of pitchblende is obtained by
flotation.

Test No. 7

This flotation test was run to determine whether a separation of the
carbonates and the pitchblende could be effected.

. 1,000 grammes

c.C.
0-5 1b/ton

Tailing, .

Soda ash
Grinding tim 30 minutes
Reagents to cell:
Oleie 80T, e e iriierirerereerrernsissnrosesnarorsrrenesnanens 3 drops
T3 1 U “
Assays Distribution, per cent .
Product | Veight Pitch- | M o
roduc ! . 1tch- an- s concen-
per cent | Silver, . Pitch- Man- p
oz/ton It)’é?ne%?‘% 5:;122?& Silver | }jende ganese | bration
Concen-

trate..... 39-36 742.0 3-82 17:16 552 39-3 409 2.5:1

Tailing, ... 60.64 389:8 3:82 16-03 448 607 591 *

Screen Test of Flotation Tailing:

Woeight,

Mesh per cent

1.0
875
90.25
100-00

DISCUSSION OF PITCHBLENDE CONCENTRATION

The large table test gives slightly better results than obtained on
the small table with sized material.
The percentage recovery on the small table (including the middling
product) was 54-05 per cent, whereas the recovery on the large table was
54-70 per cent,.
the small middling product) had a pitchblende content of 39:09 per cent.

The grade of concentrate on the large table (including
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A lower tailing resulted in the large table test, showing a pitehblende
content of 3-56 per cent against a 4 to 5 per cent tailing on the small table.

Flotation tests showed little if any concentration of pitehblende.
With over 90 per cent of the material ground to pass a 200-mesh sereen, no
appreeiable separation or concentration of the pitchblende from the man-
ganese carbonate was effeeted. From the tests made, flotation offers little
encouragement for concentration of the pitehblende.

GENERAL SUMMARY AND CONCLUSIONS

Silver. It is evident that by coneentration methods about 90 per ecent
of the silver can be coneentrated. In the case of the ore tested, a tailing
carrying from 100 to 200 ounces per ton remained. This appeared to be
the lowest tailing obtainable by table and flotation tests. From these
results it is apparent that a chemical treatment will be necessary to recover
the silver from such tailings.

Pitchblende. By table coneentration it was possible to obtain a good
grade of pitehblende concentrate representing a recovery of almost 60
per cent.

Flotation is, however, unsatisfactory for the pitchblende in the ore.
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Ore Dressing and Metallurgical Investigation No. 558

GOLD ORE FROM LAC DES MILLE LACS PROPERTY, KASHABOWIE,
- THUNDER BAY DISTRICT, ONTARIO

Shipment. A shipment consisting of a sample of gold ore, weight
25 pounds, was received on January 3, 1934, at the Ore Dressing and
Metallurgical Laboratories from the Lac des Mille Lacs property, Thunder
Bay district, Ontario, and was submitted by Ventures, Limited.

Characteristics of the Ore. Polished sections of the ore contain various
sulphides and native gold distributed sporadically in a white milky quartz
gangue. Pyrite, chalcopyrite, sphalerite, and galena are the most abundant
metallic minerals, but aikinite is common. Small amounts of tetrahedrite,
native gold, native bismuth, and two undetermined minerals are present.
Surface alteration has led to the presence of considerable ‘‘limonite’” and
covellite.

The ore was sampled and assayed as follows:

(1) T 1:273 oz/ton
£ 15 9-80
(0707) 1) SO N 1.41 per cent

Experimental tests consisted of amalgamation, flotation and blanket
concentration, and cyanidation.

ExPERIMENTAL TESTS

Test No. 1

This was a straight amalgamation test on the raw ore; 1,000 grammes
of —14-mesh ore was ground wet in a pebble jar for fifteen minutes and
then amalgamated in a jar with 100 grammes of mercury for one hour.
The amalgam, separated and collected in a hydraulic classifier, showed
no sign of sickening.

Assay, Recovery,

Product gold, oz/ton| per cent

Amalgamation tailing.....ooooviiiii it e ererieie. 0-42 67-0
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Mesh Weight,

Test No. 2

This test consisted in grinding 1,000 grammes of the ore wet for
25 minutes and then barrel—amalgamatlng with 100 grammes of mercury
for one hour. The amalgam was collected and the tailing floated.

Amalgamation Results:

Asgsay, R
ecovery,
Product ogz(}lt%,n per cent
Amalgamation taIling. . ..vevr i e 0-45 64-6
Reagenis to flotation cell:
LT LT 2 Ib/ton
Sodium ethyl xanthate 0.4 “
Aerofloat No. 8l uuu vttt 2 drops
Flotation Results: '
Assays, Digtribution of metals, Ratio of
Product EZ‘;,’%::& oz/ton per cent coneen-
Gold Silver Gold Silver tration
Concentrate......... 10-71 3-10 74-30 72:6 76.7 9.3:1
Tailing,.....oeu.n... 8929 0-14 270 274 23:3 :
Copper in flotation concentrate...........vvvvvvinvrinninnernaans 12.58 per cent
Screen Test Flotation Tailing
Weight,
Mesh per cent
0
0-1
3-9
15-1
2544
55:5
100-00

Gold recovered by amalgamation......coooviviiiiiiiiii e, per cent
Gold recoverable in flotation concentrate, 72+ 6 per cent of (100—64-6) 25 7

Pogsible overall gold recovery......evevuunsnn. PP 90-3 ¢
847124
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Test No. 8

This test consisted of floating the raw ore and running the flotation
tailing over corduroy blankets.

A sample, 1,000 grammes, of —14-mesh ore was ground wet for 25
minutes with the following reagents:

[ Lo P T Cereans Cerearens e 2 lb/ton
Sodium ethyl xanthate....... e ererraesearaanans veeer 004 K
Aerofloat IO, BL.ueeieeeireiiairseenrnieriniercasasasiressarnnas 3 drops
Pine 01l £0 Cell, cvv s e et ietieniaiiirariiineeiiisinssneanianes 0:05 1b/ton
Assay, Distribution of metals, s
Product Weighté oz/ton per cent I:g;‘égl?_ t
per cen -
Gold Silver Gold Sitver | tration
Concentrate......... 9.08 10:06 94.70 74.0 78:6 1111
Tailing...o.ovneinn. 90.92 0-352 257 26:0 214 '
Copper in flotation concentrate.............. e eretrenrrrrrraey 14-68 per cent
Blanket Test of Flotation Tailing:
Assays, Distribution of metals s
Product Weig;hté oz, /ton' per cent ! Iégiéglg f
per cen A
Gold Silver Gold Silver | tration
Concentrato......... 653 426 9:32 78-7 23-7 1531
Tailing,.oovevineenn. 03.47 | - 0-08 210 21.3 76:3 ‘
Screen Test on Blankel Tailing:
Weight,
Mesh per cent
0-7
9.3
225
675
10000
Gold by flotation, cvv e vt enreniiiiireriaieiisiiiieareriiraiirins . 74.00 per ‘cent

Gold by blanketing of flotation tailing, 78+7 per cent of 26 per cent. 20-46 ¢

Total gold in concentrates........... «“

SHlver by lotation. .. v v vvierneeneriiinieasensinioenionerasneeins 78:6 “
Silver by blanketing of flotation tailing, 23.7 per cent of 21-4 per
COIb. . et ivrreree ety rrerrerrarans [P 15 | “
Total silver in concentrates,...ovuvvvviriiiieeneeanns 83.7 «
Test No. 4

This test was the same as Test No. 3, followed by barrel amalgamation
of the combined flotation and blanket concentrates.
‘Weight of blanket tailing..........coovivuenns N 810:5 grammes

Gold assay of blanket tailing. .....oovvvviieiiiiiiiiiininenan.. 0:05 oz/ton
Gold assay of combined flotation and blanket concentrates..... 645 ¢
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Results of Amalgamation of Concenirates:

Weight, Assay, Recovery,
Product grammes |gold,oz/ton] per cent
Amalgamation tailing.......c.ooiiiiiiiiiiiiii i, 191-9 1.75 72.86

Total gold in flotation and blanket concentrates.................. 96:8 per cent

Gold recovered from concentrates by amalgamation, 7286 per
cent of 968 Per cent...vveierirriin i 70-53

@

Test No. 6

A sample, 500 grammes, of ore was ground for 25 minutes in a pebble
jar and then barrel-amalgamated with 50 grammes of mercury for one
hour.

Assay of amalgamation tailing, gold
Per cent recovery by amalgamation....

0-33 0z/ton
74.0 per cent

A sample, 200 grammes, of amalgamation tailing was agitated for
24 hours in a cyanide solution of 2 pounds KCN per ton and 5 pounds
lime per ton at a pulp ratio of 3-42 : 1,

Final solution, Consumption,
Assay, 1b/ton 1b/ton Recovery,
Product gold, per cent
oz/ton KCN | CaO KCN | Ca0
Cyanide tailing...... 0-03 15 0-8 11-97 8:31 909

Recovery of gold by amalgamation..... J N 74.0 per cent

Recovery of gold by cyanidation of amalgamation tailing, 90-9
pereent of 26 percent., ... .ui et e, 23.6 ¢

Overall gold recovery......ocvvvveriiiiiniiiiiinnnns
Despite the good recovery and low tailing obtained, the high cyanide

consumption and consequent fouling of the solution with copper indicate
the disadvantages of cyanide treatment.

Test No. 6

Cyanidation test on straight ore. The ore was ground for 25 minutes
prior to agitation at a 3-44 : 1 pulp ratio in cyanide solution of 2 pounds
KCN per ton and 5 pounds lime per ton for 24 hours.

The cyanide consumption was high. During the first three hours
the consumption was 2-88 pounds per ton per hour.

Assays, Final solution, | Consumption, Recovery,
Product oz/ton b/ton /ton per cent
Gold | Silver | KCN | CaO | KCN | Ca0O | Gold | Silver
Cyanide tailing............. 0-035 2-88 1.1 0-55 | 13-42 9:20 07-2 70-8

8471243
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Screen Test of Cyanide Tazling:

Weight,
Mesh per cent
€5 0-1
LTS 2:0
200, et et v e e e e e e e e e 97-9
100-0
CONCLUSIONS

Barrel amalgamation tests on this ore indicate that there is a maximum
of 70 per cent of the gold existing in the free state that, under ideal con-
ditions, could be recovered by barrel amalgamation.

Tlotation, followed by blanket concentration of the flotation tailing,
showed that over 94 per cent of the gold and 83-7 per cent of the silver
were obtained in the combined concentrates.

Cyanidation does not offer a satisfactory method of treatment. The
copper content of the ore will tend towards high cyanide consumption
and consequent fouling of the solution, which will result in lowering the
solvent action of the cyanide solution on the gold.

In regard to a flow-sheet for the treatment of this ore, it is suggested
that grinding be carried out so that at least 70 per cent will be —200 mesh.
The use of a unit flotation cell with a trap bottom, similar to the machine
used at the MecIntyre mill, is recommended; the cell to be placed at the
ball mill discharge, between the ball mill and the classifier; the classifier
overflow to be re-floated in a standard mechanical flotation cell and the
flotation tailing then passed over blankets or concentrating tables.

The use of the unit cell will relieve the grinding circuit of its accumu-
lation of free gold. The trap in the base of the cell catches the coarse
nuggets.



49

Ore Dressing and Metallurgical Investigation No. 559

GOLD ORE FROM PASCALIS GOLD MINES, LIMITED, PASCALIS TOWNSHIP,
ABITIBI COUNTY, QUEBEC

Shipment. A shipment of 31 bags of ore, net weight 2,542 pounds, was
received December 18, 1933. The sample was submitted by J. M. C.
Dunlop for Ventures, Limited, 100 Adelaide Street West, Toronto, Ontario.

Characteristics of the Ore. A polished section was prepared and
examined microscopically to determine the metallic minerals.

The metallic minerals seen in the polished section are pyrite and
“limonite.”” Pyrite is moderately abundant and is disseminated as coarse
imperfectly-formed cubes up to one centimetre in diameter. It contains
abundant small, irregular inclusions of gangue.

The limonite, which is abundant in the outer part of the large block
of rock examined, is present also in the fresher parts as patches of finely-
divided mineral, giving the rock a somewhat mottled appearance. Some
coarse free gold was panned from a sample of ground ore. The gangue is.
essentially siliceous.

An average analysis of the head sample was as follows:

(€73 T L P 0-64 oz/ton
SRS 0:19 “
5o VA 12-87 per cent
0§ 5) S P 11-10 “
LT T0) 11 ) - R 5737 “

ExpErRIMENTAL TEsTS

A series of small-scale tests was made on the ore to determine how it
could be treated in practice. The work included tests by cyanidation,
amalgamation, flotation, and hydraulie classification.

By cyanidation, 96-9 per cent of the gold can be extracted in 24 hours
when all of the ore is ground dry through 200 mesh. By barrel amalga-
mation, 78-9 per cent of the gold can be extracted when all of the ore is
ground dry through 100 mesh. This figure dropped to 67-2 per cent when
the ore was wet-ground 93-5 per cent through 200 mesh. When the ore
was ground wet 90-0 per cent through 200 mesh and passed over an amalga-
mation plate, 62-5 per cent of the gold was extracted.

By straight flotation of the ore (Test No. 18), 987 per cent of the gold
was recovered in a flotation concentrate amounting to 27-2 per cent of the
weight of feed used.
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In the hydraulic classifier 70-9 per cent of the gold settled out in a
product amounting to 8-1 per cent of the weight of feed used.

Details of the tests follow:

CYANIDATION
Tests Nos. 1 to 8

In this series of tests four lots of the ore were ground dry through 48-,
100-, 150-, and 200-mesh screens. Samples of each were agitated in
gyanide solution, 2.0 pounds KCN per ton, for periods of 24 and 48 hours.
Protective alkalinity was maintained by the addition of lime. The tailings
were washed and assayed for gold.

Results:
Feed sample: gold, 0-64 oz/ton

Period Tailing - Rengenltlf/consumed,
[ assay, Ixtraction, ton
Test No. Mesh agitation, gold, per cent

hours oz/ton KCN Ca0
— 48 24 0-035 94.5 1.0 19.7
—100 24 0-025 96-1 1.0 21,0
—150 24 0:03 95-3 1.3 35-4
—200 24 0.02 96:9 2:2 50-0
— 48 48 0:04 93.8 1.0 20-4
—100 48 0:03 95-3 1.0 21-3
—150 48 0-02 969 2:2 35:5
—200 48 0-02 96-9 3-4 50.1

BARREL AMALGAMATION

Tests Nos. 9 and 10

Samples of the ore, ground dry through 48-, 100-, 150-, and 200-mesh
screens, were amalgamated with mercury in jar mills for 30 minutes. The
tailings were assayed for gold.

Results:
Yo BT ) U YA P Gold, 0-64 oz/ton
— 48-mesh amalgamation tailing,,.......cocviii i Gold, 014 ¢
ROV Ty e vttt it it tietcnaaersnervnrssasaersnsosasaonnansss 781 per cent
—100-mesh amalgamation tailing..........co.ooiiiiiiiiin Gold, 0-135 oz/ton
ROV e ettt r ittt eranarrnraaseorsoateasonsosnaaacssssnnnnse 789 per cent

PLATE AMALGAMATION
Test No. 18

A sample of the ore was ground 90-0 per cent through 200 mesh in a
ball mill and then passed over a small amalgamation plate. The tailing
was assayed for gold. The grinding time was 25 minutes, with the ore all
through 14 mesh to start with.

Results:
T QT 1) (TS Gold, 0:64 oz/ton
Amalgamation talling. ccvvvieii i it er it ieearrriaaanens Gold, 0.2¢4 ¢

ReCOVeTY v vietciirennaneriiiiasaratsersineasnarnonranes N 62:5 per cent
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BARREL AMALGAMATION AND FLOTATION

Test No. 12

The ore was ground 93-5 per cent through 200 mesh in a ball mill and
then amalgamated with mercury in a jar mill for 30 minutes. The amalga-~
mation tailing was filtered and washed and then floated. The flotation
concentrate and tailing were assayed for gold and the amalgamation tailing
assay was calculated from them. Samples of the concentrate were re-
ground and cyanided 24 and 48 hours,

Charge to ball maill:

10T Y 2,000 grms. at —14 mesh
R TS 1,500 c.c.

Grinding time: 30 minutes.

Reagenis to cell:

oL FLT: 1 o 5-0 1b/ton
Potassium amyl xanthate vee. 020 ¢
oY | 0-25 ¢
Summary:
. Assay, Distribution
Product VZ‘;,I%?:;’ gold, of gold,
p oz/ton per cent
Flotation concentrate.....oovvvriiiirieriiieririeaecisnes 28-9 0-70 96-6
Flotation tailing.........o.vvvvevuvnns 71-1 0-01 3.4
Amalgamation tailing (cal.).......... 100-0 0-21 100-0
TFlotation concentrate cyanided........oovvivivvinenss ves 28-9 0403 [cevrevennes e
Ratio of concentration.......vevvrvrriirirnrininnsnans 3:46: 1
Recovery by amalgamation.........ocovviivirenianss 672 per cent total gold
Recovery in flotation concentrate (100-0—67-2) X 96-0.. 31.7 “ ¢
Extraction by cyanidation of flotation concentrate,
b3 A 5 L (P N 30:3 “ “
Net recovery, 67:2 4 80:8...cuiveenruniinrnnrneniinns 97-5 « “
Average tailing from flotation and cyanidation......... 0-016 oz/ton in gold.

Reagents consumed in pounds per ton of concentrate:
KCN

FLOTATION

Test No. 18
The ore was ground 90-0 per cent through 200 mesh in a ball mill

and floated. The concentrate and tailing were assayed for gold.

Charge to ball mill:
2,000 grms. at — 14 mesh
, c.c.
5:0 1b/ton

Grinding time: 25 minutes.

Reagenis to cell:

Potassium amyl xanthate.................... i 0-20 Ib/ton
Pine oil........... RN DN 0-10 ¢
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Summary:
s Assa; Distribution

Product V‘;&:‘I%ll;‘% gol ,' of gold,

. P oz/ton per cent
ConCenbTAte. . vv vt ittt ittt e 272 2-06 98.7
75 111 72:8 0.01 1.3
s T I T 100-0 0-568 100-0

Ratio of coneentration. ..oovee i i ittt iie it i 3:68:1

GRINDING TESTS

Samples of the ore at —14 mesh were ground for different periods of
time and then sereened to determine the grinding. The results are shown
in the following table:

s PR ‘Weight, ‘Weight, ‘Weight, ‘Weight,
Penolgiofl%;;ndmg, per cent per cent per cent per cent Total
n —054-100 | —1004-150 | —150--200 —200
L 02 8:6 16-5 74.7 100-0
20, 0.2 4.7 12-5 82-6 100-0
L 0-2 1.5 8:2 90-1 100-0
800 i iiiiii i e 0-1 0-6 58 935 100-0

HYDRAULIC CLASSIFICATION
Test No. 16

The ore was ground 82-6 per cent through 200 mesh in a ball mill
and then put through a hydraulic classifier where the coarse gold and
heavy minerals were allowed to settle out against a slowly rising current of
water. The classifier oversize and overflow were assayed for gold.

Summary:
: Assay, Distribution
Product “(rafl%élet’; gold, of gold,
P oz/ton per cent
Classifier OVersize.....ovoo v iiiieeiniiiiineiiecinennnas 81 621 70-9
Classifier overflow.. 91.9 0-225 29-1
Yo (T3 I T 100-0 0-71 100-0

MILL RUNS

A series of large-scale mill runs was made to check up on the small-
sca.l(iz tests. For this purpose a unit of 100 pounds per hour capacity was
used.

In the first run the pulp from the rod mill passed over an amalgamation
plate into an Akins classifier. The oversize from the classifier was returned
to the rod mill for vegrinding and the classifier overflow went to flotation.
Approximately 45 per cent of the gold was recovered on the amalgamation
plate and an additional 53 per cent was recovered in the flotation concen-
trate, leaving a flotation tailing assaying 0-015 ounce gold per ton.
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In the second large-scale test, a hydraulic trap replaced the amalga~
mation plate. Otherwise the flow-sheet was the same as was used for
the first run. :

About 10 per cent of the gold was caught in the trap in a product
assaying more than 10 ounces gold per ton. The flotation tailing again
assayed 0-015 ounce gold per ton, representing an overall recovery of
approximately 98 per cent of the gold.

The third large-scale test was made without trap or amalgamation
plate. The rod mill pulp went to an Akins classifier, the overflow from
which went to flotation. The flotation tailing was blanketed, but little
or nothing was recovered in this way. The flotation tailing assayed 0-025
ounce gold per ton both before and after blanketing.

For all three tests the reagents used were as follows:

S0da a8t .o e e s 5-0 lb/ton
Potassium amyl xanthate.............ovvviviiiiiiiiiiiinrnnn, 0-25 ¢
0T 1 0-10 «

CONCLUSIONS

The work done on the sample submitted points to cyanidation as the
most satisfactory method of treatment for recovery of the gold. Amalga-
mation plates or a hydraulic trap should be used at the ball mill discharge
to prevent coarse gold building up in the classifier and agitators. A
hydraulic trap would be preferable in this case, as it would permit grinding
in cyanide solution. The trap cleanings would be barrel-amalgamated and
then re-united with the main body of the ore in the cyanide agitators.
Good net recoveries were obtained by amalgamation and flotation with
cyanidation of the flotation concentrate, but, owing to the high sulphide
content of the ore, the ratio of concentration is so low that this step would
be of doubtful economic value unless a ready market were available for the
sulphide concentrate.

Lime consumption was very high, but this was, no doubt, due to the
oxidized condition of the sample submitted. This condition is not likely
to be found in fresh ore mined at depth.
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Ore Dressing and Metallurgical Investigation No. 560

GOLD ORE FROM DIKDIK EXPLORATION COMPANY, LONGLAC, THUNDER
BAY DISTRICT, ONTARIO

Shipment. The shipment consisting of gold ore, weight 25 pounds,
was received on January 5, 1934, from the Dikdik Exploration Company,
Atigogama lake, Thunder Bay district, Ontario, and was submitted by
K. M. Fritsche, Longlae, Ontario.

Characteristics of the Ore. 'The gangue is light grey to white translucent
quartz. The metallic minerals present in the polished sections are: pyrite,
sphalerite, arsenopyrite, chalcopyrite, galena, tetrahedrite, and native
gold. Of these pyrite is the only abundant mineral.

Native gold is abundant in the sections examined. A large per-
centage of the metal is within pyrite, which it veins.

The ore was crushed to — 14 mesh and sampled by standard methods.
The head sample assayed as follows:

173 T 4.525 oz/ton
£ 31 1.58 ¢
1<) 3 T N 0:06 per conb
(070353173 TN 009 ¢

ExPERIMENTAL TESTS

Test work carried out was as follows:

1. Barrel amalgamation on straight ore.

2. Barrel amalgamation followed by flotation of amalgamation tailing.
3. Tlotation of raw ore followed by blanketing of flotation tailing.

4, Asin No. 3 above, followed by amalgamation of combined flotation
and blanket concentrates. :

Test No. 1

A sample, 1,000 grammes, of —14-mesh ore was ground for 15 minutes
ina peblble jar and then barrel-amalgamated with 100 grammes of mercury
for one hour.

Assays, oz/ton Recovery, per cent
Gold Silver Gold Silver
Amalgamation tailing....oo.ooovviiiiiiiinn 1.29 1-14 71.49 27-85

Product




55

Screen Test on Tailing:

Weight,
Mesh per cent

Test No. 2

A sample, 1,000 grammes, of —14 mesh was ground for 15 minutes
and then barrel-amalgamated for one hour with 100 grammes of mercury.
The amalgam was separated in a hydraulic classifier and the tailing floated.

Reagents:
008 B8N, 4 e e e e, 2.0 1b/ton
Sodium ethyl xanthate oo 04 ¢
Aeroflont N, 8L, . uue it ivirieririerenietieraniarreeeiainnsannns 3-0 drops

Amalgamation Results:

Prod Assays, oz/ton Recovery, per cent
roduct
Gold | Silver Gold Silver
Amalgamation tailing.........ocoov00.s NP 1-18 1-095 73.9 30-7
Flotation Results:
Distribution of
Produch Weight ‘%Z’}if,’ﬁ' . precious metta,ls, Ratio of
roduc ! per cen concen-~
per cent A
tration
Gold Silver Gold | Silver
Concentrate................. 149 724 6.38 91.3 86-8 6.7:1
Tailing.eoeeeveeeeeninninns . 85.1 0-12 0-17 8.7 13.2 '
Screen Test Flotation Tailing:
Mesh Weight,
. per cent
A8 vevens Cerereean e ceee RPN 0
L PP e e e e e e Cheees 0-7
100,000t eeie i L e e e e e 7.3
180, T N . 13-1
200, ueee i e e FPPPUPT 226
—-200... e, Ceveiieaaaas PP e, 56-3
100-0




Gold recovery by amalgamation.......coovrivriiiiiiiiiiiiiiiien,
Gold in flotation concentrate, 91-3 per cent of 26-1 per cent.........

Possible overall g20ld 1COVeIY..vvverreverienrereienns

Silver recovery by amalgamation. ... .iiieiie it
Silver in flotation concentrate, 86-8 per cent of 69-3 per cent ........

Possible overall silver recovery..... P

Test No. 3

A sample, 1,000 grammes, of — 14-mesh ore was ground wet for 15
minutes with the following reagents:

Sodaash......ooevinens .. 2.01b/ton
Sodium ethyl xanthate . 04 ¢
Acroflont No. 31 3:0 drops

Flotation Test:

A y Distribution of R ;
. ssays, oz/ton precious metals, atio o
Product vzs,l%g'é per cent concen-
» - tration
Gold | Silver Gold | Silver
Concentmte ................. 12-3 | 34.81 13.54 81.6 90-4 8.1:1
Toiling,.oiveeerereenninnnans 87.7 1.10 020 184 9.6 '

Blanket Test:

Distribution of

Assays 2 .
: ! precious metals Ratio of |
Product We.lght, oz/ton per cent ’ concen- |
per cent tration |
Gold | Silver | Gold | Silver |
|
Concentrate................. 71| 1341 090 | 86-49 315 “:1 |
Tailing..ocovoovivniiininnn, 92.9 0-16 0-15 13-51 68-5 ' ‘
Screen Test Blanket Tailing:
‘Woight,
Mesh per cent

DD
= ~NSO
(=] oo -~I

10
Gold in flotation coneentrate. . ...vvvviveriiienereriniioninenss 81+6 per cent
Gold in blanket concentrate of flotation tailing, 86-49 per cent of
184 PO COIB. .\ ettt vt e enenenrsrnenrursonsessarussoassnrnnenss 5.9 ¢
Total gold in concentratos...vveevivievreresiainenrnees 97.5 ¥
Silver in flotation coneentrate. .. vyveer it ierieeeanrronasinnn 90-4 per cent
Silver in blanket concentrate of flotation tailing, 31:5 per cent of
LT TS 1 3.0

Total silver in concentrates............. veeees reeenes . 934 ¢
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Test No. 4

A sample, 1,000 grammes, of ore was ground, floated, and the flotation
tailing was run over blankets.

The flotation and blanket concentrates were combined and barrel-
amalgamated with 100 grammes of mercury for one hour.

82-7 per cent

Assay of blanket tailing,............coovviiieniinnn Gold, 013 oz/ton
Silver, 0:15 ¢

Calculated assay of combined concentrates....... e Gold, 25:53 oz/ton
Silver, 8:.42

Amalgamation Results:

Prodnat Weight, Assays, oz/ton Recovery, per cent
grms. Gold |  Silver Gold Silver
Amalgamation tailing............ 173-3 9-08 567 64:4 32:6

Gold in flotation and blanket concentrates.......................0s

976 per cent
Gold recovery by amalgamation of concentrates, 64:4 per cent of

076 Der CONbL L v v errrrrrrnenensas 62:85
Silver in flotation and blanket concentrates. 92.2 ¢
Silver recovery by amalgamation of concentrates, 82-6 per cent of

022 PBE CONBL vttt ve e e s e eneanneneneaarnrr s 30-06 ¢

Test No. b

A sample, 500 grammes, of the ore was ground wet for 15 minutes and
then barrel-amalgamated with 50 grammes of mercury for one hour. The
mercury was separated in a hydraulic classifier and the amalgam tailing
filtered. A sample of the tailing was cut out for a cyanidation test.

The tailing was agitated for 24 hours in a solution of 2 pounds KCN
per ton and 5 pounds CaO per ton at a pulp ratio of 3-41 : 1.

Amalgamation Test:

Assays, oz/ton Recovery, per cent
Product
Gold I " Silver Gold | Silver
Tailing. o ovv e iiren i 1.01 1-11 77-6 30-3
Cyanidation Test:
Assays, Tinal solution, Consumption, Recovery,
Product 0z/ton Ib/ton ton per cent
Gold I Silver KCN CaO KCN CaO Gold I Silver
Tailing..... 0-10 1.3 0-35 2-39 4.33 90-1 67:5
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Screen Test of Cyanide Tailing:

Weight
Mesh per cent
0-2
1.7
8.6
89.5
1000
Gold recovery by barrel amalgamation.....oovviverrnrieiiienenans 77.6 per cent
Gold recovery by cyanidation of amalgamatxon tailing, 90-1 per
cent of 224 per cent..ovov.u.. N Cevereeiereees veee. 20018 ¢
Oversall gold recovery...... [P e reieneeateans 97.78 ¢«
Silver recovery by barrel amalgamation......c.oovivereeniieiieenns 30-3 per cent
Silver recovery by cyanidation of amalgamation tailing, 67-5 per
cent of 69+7 per cent....eieriine.n Creresennaa Chreireriaareeaen 47.0 “
Overall silver recovery..... eeieaiaeraieaes Chraeenes 773 «
Test No. 6

In this test the straight ore was cyanided for 24-hour and 48-hour
periods in a cyanide solution of 2 pounds KXCN per ton with 5 pounds
CaO per ton at a pulp ratio of approximately 3 : 1.

Results:
Time of Teed assays, | Tailing assays, | Final solution, | Consumption, Recovery,
agitation per cent per cent 1b/ton 1b/ton per cent,
1

hours *"014 | Silver | Gold | Silver KCN | CaO | KON | CaO | Gold | Silver

2%.........| 4525 1.58| 0.115| o036 16| 040 1.20| 380 974 779
48, 4.525 | 1.58 | 0.125| 039 13| 035 2.10{ 395 972 753
Screen Test Tailing—284~hour Agitation:
Weight,
Mesh pos Somh
0-1
1.7
65
18-2
78.5
100-0-

Results of cyanidation on the straight ore would indicate that pro-
loncgled contact of the ore with the solution causes a reprecipitation of the
gold.

A lower tailing is obtained by first barrel-amalgamating the ore and
then cyaniding the amalgamation tailing.
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CONCLUSIONS

Tests by barrel amalgamation on the ore would indicate that at least
75 per cent of the gold is in the free state and under ideal conditions could
be recovered by amalgamation.

Cyanidation does not appear to offer any serious difficulties. The
consumptions of cyanide and lime are within reasonable limits.

TFlotation tests on both amalgamation tailing and the raw ore show a
high concentration of gold.

The cyanidation tests indicate a possible recovery of over 97 per cent
of the gold and over 77 per cent of the silver. The tests would indicate
that better extractions are possible at 24-hour agitation than at 48-hour.
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Ore Dressing and Metallurgical Investigation No. 561

ORE FROM THE HOWARD MINE, NELSON, B.C.

Shipment. A shipment consisting of 9 bags of ore weighing 490 pounds
was received on November 27, 1933. It was said to have been taken
from the Howard mine, near Nelson, British Columbia, held by the B.C.
Cariboo Gold Fields, Vancouver.

L]

Characteristics of the Ore. Specimens of the ore were taken and a
microscopic study of polished sections was made in the mineragraphic lab-
oratory.

The gangue consists of greenish grey impure quartz with a minor
amount of disseminated carbonate.

_ The metallic minerals are, in their order of abundance, pyrite, sphal-
erite, galena, pyrrhotite, chalcopyrite, tetrahedrite (or tennantite), and
native gold.

Pyrite usually forms coarsely-granular masses or is disseminated as
comparatively large irregular grains and is commonly contained in an
assemblage composed of sphalerite and galena. It is veined by sphalerite,
galena, and native gold, the sphalerite and galena being intimately asso-
ciated. Native gold occurs in very tiny irregular grains in galena, some-
times against sphalerite or pyrite. It is present in pyrite as tiny veinlets.

ExreriMENTAL TEsTS

The shipment was crushed, ground, and sampled, and was found
to contain 8-4 per cent lead, 9-1 per cent zing, 0-10 per cent copper, 0-595
ounce gold, and 3-40 ounces silver per ton.

Tlotation tests were made giving a lead concentrate, a zinc concen-
trate, and an iron pyrite concentrate. Cyanidation tests were conducted
on the zine flotation tailing to note what recovery of gold would result.

The results of the investigation show that 96 per cent of the lead,
82 per cent of the zinc, 60 per cent of the gold, and over 90 per cent of the
silver can be recovered by flotation in marketable lead and zine concen-
trates. Cyanidation of the flotation tailing reduces the gold content
to 0-025 ounce, an extraction by flotation and cyanidation of 95:8 per
cent.

Tests were made to determine the percentages of gold that would
be found with the lead, zinc, and iron sulphides. To make alead concen-
trate, it was necessary to depress the zinc and iron sulphides with sodium
cyanide. It was found that this cyanide was dissolving approximately
10 per cent of .the gold in the ore. In standard flotation practice this
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gold would be lost. In the following tests, for purposes of comparison,
this loss of gold has been disregarded, recoveries being calculated from the
sum of the gold in the products. This gives a feed assay approximately
0-09 ounce per ton of gold lower than the actual value of the.shipment.

FLOTATION

Test No, 1

A sample of the ore was ground wet with 10 pounds soda ash, 0-30
pound sodium ecyanide, and 1-0 pound zinec sulphide per ton until 90
per cent passed 200 mesh. A lead concentrate was then removed by
flotation after the addition of 0-05 pound butyl xanthate and 0-24 pound
cresylic acid per ton.

The pulp was then conditioned with 0-5 pound per ton copper sulphate
and after adding 0-05 pound sodium xanthate and 0-12 pound pine oil
per ton, a zine concentrate was removed,

A further addition of 1-0 pound per ton copper sulphate was made,
followed by 0-30 pound sodium xanthate and 0-12 pound pine oil per
ton. An iron pyrite concentrate was then removed.

Results:
Distribution of metals,
Weish Assay per cent
Product eight,
percent | y.0d, | Zine, | Gold, | Silver, . .
per cent|per cent| oz/ton | oz/ton Lead | Zinc Gold | Silver
Feed (cal.).. 100-0 8-31 9-10 0-50 3:56 ( 100-0 | 100-0 | 100-0 100-0
Lead concentrate 14-1 | 57-40 5-25 2-40 [ 23-10 974 8.1 67-2 913
Zinc concentrate. 14-2 0-60 | 52-10 0-12 0-98 1.0 81-2 3.4 3:9
Pyrite concen-
trate.., 25-2 0-30 2.47 0-22 0-40 0-9 6.9 11-0 2-8
Tailing 46-5 0-12 0-75 0:20 0-15 0.7 3-8 18-4 2.0

These results show that the bulk of the gold and silver is recovered
with the lead. The gold content of the zinec concentrate and pyrite con-
centrate is lower than the feed sample. The flotation tailing carries 0-20
ounce gold per ton.

Test No. 2

In this test, the cyanide used to depress zinc and iron sulphides was
reduced to 0-15 pound per ton. Other conditions were the same as in
Test No. 1.

Results:
Distribution of metals,
Product Weight Agsay per cent
roduc :
per cent Lead, | Zine, | Gold, | Silver, : .
per cent| per cent| oz/ton oz/ton Lead | Zino ‘ Gold ' Silver
Teed (cal.)....... 100-0 8.37 9.08 0-49 3-68 | 100-0 | 100-0 | 100-0 1000
Lead concentrate 175 46.70 7.37 2-14 ) 20-00 977 14-2 76-6 951
Zinc concentrate. 14:5 0-40 | 51-80 0-10 0:50 0.7 82.7 3.0 2.0
Pyrite concen-
trate........... 280 0-25 0-40 0-14 0-22 0-8 1-2 8-1 1.6
Tailing.......... 40-0 Q»17 0-42 0-15 0-12 0:8 1.9 12:3 13

84712~5
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. Decreasing the amount of cyanide used to depress zinc and pyrite
results in a bulkier, lower grade lead concentrate. A lower grade tailing
is made which can be accounted for by the larger weights of concentrates

removed.,
Test No. 38

In this test, lead and zinc concentrates were made and cleaned to
note the grade of product produced. Zinc and iron sulphides were depressed
with 0-20 pound cyanide per ton. Other conditions were similar to
preceding tests.

Results:
Welght Assay Distribution of metals, per cent
Product elgny, . .
per cent | Lead, | Zine, | Gold, | Silver, . .
per centiper cent| oz/ton | oz/ton Lead Zino Gold | Bilver
Feed (ciili.) ....... 100-0 8.40 9-10 0-499| 38-54 | 100-0 | 100-0 | 100-0 100-0
Lead concentrate 10.0 | 74.00 3:18 1-82 | 28-20 88.0 3:5 36-5 796
Lead middling... 4.3 15-60 | 14-79 2.82 8-86 8-0 70 24.3 10-8
Zine concentrate. 13-3 0-85 ] 55:25 0.35 1.02 13 80-7 9.3 3-8
Zinc middling. .. 2.4 1-19 | 13-52 14125 1-92 0-4 3.6 0:5 1-3
Pyrite concen-
trate.....ovove 31.7 0:35 1-36 0.10 0.20 1-4 4.7 6.4 1.8
Tailing.......... 38:3 0-20 0-11 0.30 0:25 0-9 0.5 230 2.7

It is noted that the gold has a tendency to drop out of the concen-
trates on cleaning. This indicates advisability of treating the middling
or cleaner tailing in separate circuits. If these products are returned
to the main circuit increased tailing losses can be expected.

TLOTATION AND CYANIDATION

Test No. 4

The results of preceding tests indicate that there is no appreciable
concentration of gold in an iron pyrite concentrate. In this test, no pyrite
concentrate was made but the tailing from the zinc flotation circuit was
cyanided for 48 hours with a 1-0 pound KCN solution, 1 :3 dilution.
Five pounds of lime was added to maintain protective alkalinity.

To establish the fact that the cyanide used to depress the zinc and
iron sulphides in the lead flotation circuit was dissolving gold, the solutions
from the two concentrates and flotation tailing were filtered off, evaporated,
and the gold recovered in the assay furnace.

\

Assay Weight,| Distribution of metals,

. per cent per cend
Froduct Iv";(:'l%}ég% Lead, | Zi Gold, | Sil x
ead, inc old, | Silver, | assay, : :
per cent|per cent] oz/ton oz/ton' gold Lead | Zinc | Gold |Silver
Feed....ovovenenns 100-0 8-40 9.10 | 0-595 3-40 | 59-50 [100-0 [100-0 j100-0 | 100.0
Feed (call)........ 100-0 8.45 9.00 | 0-559 3+61 55:90 |oooo|ivinii]iiini]iiees

Lead concentrate.. 146 | 55-40 320 | 242 22.72 | 35.33 | 95.7 | 5.1 632 91.8
Zinc concentrate... 142 0-80°t 51-90¢ 0-10 0-64 1421 1-4]81.1| 25 2:5
Tailing............ 712 035 1-76 1 0-185 0.29 13.27 1 2.9} 13.8 | 23:6 547
Solutions....cvvevi]iverveniferrrenni]iinensi]oiniinn i (i 20) N ISR IR 10:7 |......
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Cyanidation of the zinc flotation tailing reduced the gold content
from 0-185 ounce to 0-025 ounce within 24 hours with a reagent con-
sumption of 1-5 pounds KXCN and 4-4 pounds lime per ton of ore. No
increase in extraction was obtained by longer agitation.

These results show that a recovery of 95-8 per cent of the gold can
be effected by flotation and cyanidation.

Loss of gold owing to the use of cyanide in the flotation circuits amounts
to 0-06 ounce per ton. If flotation is conducted with a pulp density of
30 per cent solids, the solutions will contain approximately 0-026 ounce
gold per ton.

SUMMARY AND CONCLUSIONS

Flotation should recover 95 per cent of the lead, over 90 per cent
of the silver, and from 60 to 70 per cent of the gold, in a concentrate con-
taining over 70 per cent lead.

Approximately 80 per cent of the zinc can be recovered in a product
assaying over 50 per cent zinc and carrying from 0-10 ounce to 0-30
ounce gold per ton.

~ Most of the gold is found in the lead concentrate. The zinc and
iron sulphides do not carry much gold nor is any noticeable concentration
made in these concentrates.

The gold remaining in the flotation tailing can readily be reduced
to 0-025 ounce per ton by cyanidation.

Apparently the gold occurs in such a form as to be quite soluble in
cyanide solution. To make a separation by flotation of the lead and zine
minerals, it is necessary to use cyanide to depress zinc and iron sulphides.
Thi}sl has been shown to result in a loss of about 10 per cent of the gold
in the ore.

To recover this gold, two methods may be employed. The flotation
tailing as delivered from the circuit could be brought up to strength with
cyanide and lime and agitated for extraction of the remaining gold. Til-
tration and precipitation of the solution will recover all gold. However,
this solution after precipitation would have to be wasted, owing to accumu-
lation of incoming fresh flotation tailing,

Provision should be made to destroy any cyanide in the solution
before running to waste, otherwise stream pollution may occur.

In this arrangement, one set of filters would be sufficient for the
cyanide plant.

The other plan, which would require two sets of filters, would be
to filter all or part of the flotation tailing and precipitate the clear filtrate
by running through charcoal. Owing to the lack of free cyanide, regular
zine precipitation probably would not prove satisfactory. The dewatered
tailing would then be agitated with cyanide solution and the barren solution
returned to the head of the cyanide plant.

8471253
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Ore Dressing and Metallurgical Investigation No. 562

GOLD ORE FROM THE NORMONT GOLD MINE AT ROUYN, QUEBEC

Shipment. A shipment of ten sacks of ore, net weight 750 pounds,
was received January 15, 1934. The sample was submitted by J. F. B,
Davies, General Manager, Normont Gold Mines, Limited, Rouyn, Quebec.

Characteristics of the Ore. The gangue consists chiefly of greenish
grey material, probably chloritic in nature. A considerable amount of
finely disseminated carbonate is present, and in places small masses of
white carbonate can be seen with the naked eye. Small disseminated
grains of leucoxene (?), probably resulting from the alteration of iron
oxide, are common in some sections.

The metallic minerals present are: pyrite, chalcopyrite, and native
gold. Pyrite is disseminated in rather coarse irregular grains, and contains
small inclusions of gangue, chalcopyrite, and gold. Chalcopyrite was
seen only as rare, small irregular grains in pyrite. Native gold occurs
almost wholly within pyrite, but a few tiny grains were seen in the
gangue and against the gangue-pyrite boundaries. All of the gold seen
is minus 325 mesh in size.

An average analysis of the sample submitted is as follows:

(20 1 0-52 oz/ton
1S 31 0.04

B 1 L O PN 0-02 per cent
(073 1) 113 Trace ¢

ExPERIMENTAL TusTs

A series of small-scale tests was made on the ore to determine the
methods by which it might be treated in practice. The work consisted
of tests by cyanidation, amalgamation, flotation, blanketing, and hydraulic
classification. By straight cyanidation of the ore 95-2 per cent of the
gold can be extracted in 24 hours. When the ore is barrel-amalgamated
and then cyanided for 24 hours, extraction is increased to 96-2 per cent
of the gold. By flotation 98-4 per cent of the gold was recovered in a
concentrate assaying 3-52 ounces gold per ton, and a tailing assaying 0-01
ounce gold per ton was left. The ratio of concentration was 6-84 : 1.

By plate amalgamation 450 per cent of gold was recovered as amalgam
and an additional 52-5 per cent of the gold was recovered by floating the
amalgamation tailing. The flotation tailing assayed 0:015 ounce gold
per ton. By barrel amalgamation 75-0 per cent of the gold was extracted
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when the ore was ground dry through 100 mesh. By blanket concen-
tration 44-1 per cent of the gold was recovered in a product amounting
to 4-3 per cent of the weight of feed used. By floating the blanket tailing
an additional 53-6 per cent of the gold was recovered, bringing the total
recovery up to 97-7 per cent, The combined ratio of concentration was
6:85:1. In the hydraulic classifier only about 8-0 per cent of the gold
settled out in the oversize product, which amounted to about 2-5 per cent
of the weight of the ore used.

Details of the tests follow:

GRINDING TESTS ON THE ORE

Samples of the ore at — 14 mesh were ground in a ball mill for different
periods of time and the dried pulp was screened to determine the grinding
that had taken place. The results may be tabulated as follows:

Period of grinding in minutes

Mesh

156 20 25 30
[ (21 35 O D e
4.9 0-6 0-5 01
9.0 3.7 2:6 14
17-1 13-9 9.7 7:3
68-7 81-8 87-2 91-2

100-0 100-0 1000 100-0

CYANIDATION
Tests Nos. 1t0 8

Samples of the ore ground dry through 48-, 100-, 150-, and 200-mesh
screens were agitated in cyanide solution, 2-0 pounds XKCN per ton,
for periods of 24 and 48 hours. The tailings were assayed for gold.

Summary:
Period | Tailing Extract Reagenlig/consumed,
o assay, |Extraction, ton
Test No. Mesh agitation,| pgold, per cent

hours oz/ton KCN CaO
— 48 24 0-03 94.2 04 6-0
~100 24 0-025 95.2 0-4 7-0
~150 24 0-025 95-2 0.7 8:3
~200 24 0-025 95-2 0.7 11-8
— 48 48 003 94.2 0-7 6:0
~100 48 0-025 95-2 0.7 71
~150 48 0-025 95.2 0.7 8:5
~200 48 0-025 95:2 07 12.8

AMALGAMATION AND CYANIDATION

Tests Nos. 9 and 10

Samples of the ore crushed dry through 48- and 100-mesh screens
were amalgamated with mercury in jar mills for 30 minutes. The amal-
gamation tailings were sampled and assayed and portions of each were
agitated in cyanide solution, 2-0 pounds XCN per ton, for a period of 24
hours. The cyanide tailings were filtered, washed, and assayed for gold.

e
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Summary:
Amalga- | Extraction [ Cyanide | Extraction | Reagents consumed,
mation by tailing, NG 1b/ton
Test No. Mesh tailing, amalga~ assi)gr, gyani—
2880y, mation, gold, ation,
gold, oz/ton| per cent oz/ton per cent KCN Ca0
¢ DO — 48 0.17 67-3 0-02 23:9 0-4 6-0
10,000 —100 0-13 750 0-02 21.2 0:4 70

AMALGAMATION AND FLOTATION
Test No. 11

A sample of the ore was ground 87-2 per cent throu‘gh 200 mesh
in a ball mill, then passed over a small amalgamation plate and the amal-
gamation tailings floated.

Charge to ball mzll:

L 3 U 2,000 grms. at — 14 mesh
Wate SN 1,500 c.c.
Grinding time. . v vee et v i ci i i i s 25 minutes

Reagents to cell:

[ o0 T - 8.0 1lb/ton
Potassium amyl xanthate L. 0100 0%
50 1730 1 P 0-10
Summary:
N Assay, Distribution
Product ‘Ve}%ht{!’ gold, of gold,
per con oz/ton per eent
Flotation coneentrate. ...uvvvniiiiiviiiiiriiiiineenias 13-4 2.04 955
Flotation tailing AN 866 0.015 4.5
Plate tailing (6al.).ovverii ittt eriieriiinens 100-0 0-286 100-0
Feed sample.....oviver i iviiainnr s Gold, 0-52 oz/ton
Recovery by amalgamation..........cooveiiiin i 45-0 per cent of total gold
Recovery in flotation concentrate (100-0—45-0) X95.5.. 52.5 “ “
Total recovery..... e .............. 97.5 «“ «
FLOTATION
Test No. 12

A sample of the ore was ground 91-2 per cent through 200-mesh in
a ball mill and floated.

Charge to ball mill:

Ore.... .. e e 2,000 grms. at —14 mesh
‘Water... 1,500 c.c.

Soda ash,,.vviiiiiiiiiiii e . 5:01b/ton

Grinding time.. ..o viee et ety 30 minutes

Reagents to cell:

Potagsium amyl xanthate,.........covveiiiiiiiiiriiiniiiiians 010 b/ton
T30 P 0-05
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Summary:
. Assay, Distribution
Product v%?‘ggfé gold, of gold,
p oz/ton per cent
Flotation concentrate................... e 14-6 3.52 98-4
Flotation tailing...... .. 85-4 0-01 1.6
Feed (cal)......... . s 100:0 0-522 100-0

Ratio of concentration...........o.vviiiiiiii i e 6:84:1
BLANKETING AND FLOTATION

Test No. 18

A sample of the ore was ground 91-2 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 tailing was then floated. The blanket concentrate,
the flotation concentrate, and the flotation tailing were assayed for gold.

Charge to ball mill:

[0 5 TN 2,000 grms. at —14 mesh
1,500 c.c.
........................................ 30 minutes
Reagents to cell: .
Sodaash, ..o 5.0 lb/ton
Potassium amyl xanthate ver. 010
Pine oil. . eu s s 0-06
Summary:
. Assay, Distribution
Product “;?%hrf{, gold, of gold,
per ce oz/ton per cent
Blanket concentrate..............cooiiiiiiiiiiiiin, 4.3 566 44.2
Flotation concentrate 10-3 2:86 53:5
Tlotation tailing.................... 85.4 0-015 2:3
Feed (Cal.).ooovrrnvr it 100-0 0551 100:0
Combined ratio of concentration...............ovviieiviiiieiiinenn., 6-84:1

HYDRAULIC CLASSIFICATION
Test No. 14

A sample of the ore was ground 91-2 per cent through 200 mesh and
passed through a hydraulic classifier where coarse gold and heavy minerals
were allowed to settle out against a slowly rising current of water. The
classifier oversize and the overflow were assayed for gold.

Summary:
. Assay, Distribution
Weight
Product H gold, of gold,
per cen oz/ton per cent
Classifier OvVersize............ooveiieeriiiiiieeiianennnns 2-5 1.74 8:2
Classifier overflow..............cooviiii i 975 0:50 918
Feed (Cal ) errer e ere ettt it i 100-0 0:53 100-0
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FLOTATION IN LIME PULP
Test No. 15

This test was made to see if the pyrite could be floated in a lime pulp,
leaving a tailing low enough in gold to be discarded, and thus simplify
the problem of c¢yaniding the concentrates.

The ore was ground 65 per cent through 200 mesh in a ball mill and
then floated. The products were assayed for gold, a screen analysis being
made on the flotation tailing,

Charge to ball mall:

Ore... e 2,006 grms, at —14 mesh
‘Water . 1,500 c.c.

Lime, 2.0 Ib/ton

Grinding time.. . ..coviiiiiiiiiiiiiitiiiiiiiiiieiae 15 minutes

Reagents to cell:

Potassium amyl xanthate... 0-10 Ib/ton -
0.-05

Pme01l
Summary:
: Assay, Distribution

Product Wexghté gold, of gold,

per cen oz/ton per cent
Flotation concentrate 9.7 512 899
Flotation tailing..... 90-3 0-062 10-1
Feed (cal.).u.oovvnons. Cee e, 100:0 0-553 100-0

Screen Analysis Flotation Tailing:

. Assay, Distribution

Mesh V%gxg(l;& golcf,’ of gold,

P oz/ton per cent
E o )TN 7-4 0:115 13.8
B L T 10-9 0-125 22.1
= 1B804200. .0 iar i i it e e e 18.3 0-095 38:2
L S 63-4 0-035 35.9
Average tailing (al.)..vvvierriniiriirarrians 100-0 0-062 100-0

TLOTATION IN NEUTRAL PULP
Test No. 16

This test was made to see if the pyrite could be floated in neutral
pulp to facilitate its subsequent cyanidation and leave a flotation tailing
low enough in gold to be discarded. The ore was ground 69 per cenf
through 200 mesh and floated. The concentrate was reground and
cyanided for 48 hours, The cyanide tailing and flotation tailing were
assayed for gold.

Charge to ball mill:

[ 7SS 2,000 grms. at —14 mesh
2% 7Y RN 1, c.c.

Barrett No. durvivieiiiniiieierereiiieeeironsoenes 010 1b/ton

Potagsium amyl xanthate.......coooviiveniinianne 010

Grinding tiMe. ...ovvveverieeienrenieeseesosssonnoss 15 minutes



Reagents to cell: "

Pine 0il,..v.vveennienneiiniaennn, et reeraens 0-10 1b/ton
Summary:

Product ‘Weight, A%Sl%y’ Extraction,

per cent ogz /t o'n per cent
Flotation concentrate cyanided..............ocovvvivnnnnn 16-0 0-13 |ooiviininns
Tlotation tailing,...........oooviin 84:0 0-07 {.viviiiiie

Average tailing (€al.)..overuvreriini i 100-0 0-08 84:6

Test No. 17

This test differs from Test No. 16 in that the ore was ground 55 per
cent through 200 mesh and Tarol No. 1 was added to the reagent com-
bination. The concentrate was not ecyanided.

Charge to ball mill:

T v vte s veee et ee e st teearasenrraraens 2,000 grms. at —14 mesh
5 ... 1,600 c.c.
Barrett NO. 4uvvvienreieneiieanranannnans .. 0-10 1b/ton
Potassium amyl xanthate.................coevunin 0-10 «
Grinding time. ....ovvveervrinnrveneinererearereanes 10 minutes
Reagents to cell:
2 T30 | 0-05 1b/ton
TaTOl NO. L vt et eet et e rneetnanenesonasanerensunnss 0-05 “
Summary:
. Assay, Distribution
Product Wel%hlfé gold, of gold,
per ce oz/ton per cent
Flotation concentrate...........covvvenvniinennennniinn., 11.2 4.74 93-0
Flotation tailing...... 88-8 0-045 7:0
Feed (cal.)....... 100-0 0-57 100-0

CYANIDATION WITH TABLING

Test No. 18

The ore was ground 87 per cent through 200 mesh and agitated in
cyanide solution, 2-0 pounds KCN per ton, for 24 hours. The cyanide
tailing was sampled and assayed and the remainder passed over a small
concentrating table. The table concentrate and tailing were also assayed
for gold.

Summary:

Cyanidation:
Teed sample....oovvinininriiiiineiiiiienrncnennnnns
Cyanide tailing
BExtraction,......coovviiiiiiiiiiiiiii i e

0-52 oz/ton in gold
0' 025 113 [{3

95-2 per cent

1-13 1b/ton ore
7.9 « «




70

Tableng:
s Assay Distribution
Weight, '
Product ! gold, of gold,
per cent l oz/ton per cent
Table concentrate...........cooivviviiiiiieiiirrnnes 8.7 020 79.2
Table tailing. ... ..o e e s 91.3 0.005 20-8
Cyanide tailing (cal.)....ooovvvii i 100-0 0-022 100-0

With 4-8 per cent of the gold going to the table, the net recovery
in the table concentrate is 79-2X4-8=3-80 per cent. If this concentrate
were reground and cyanided in a separate circuit, the total extraction
might be inereased by 2 or 3 per cent.

SUMMARY

This ore’is amenable to eyanidation and to flotation. Cyanidation,
with table concentration and regrinding of the sulphides, is to be recom-
mended as the most practical process because upwards of 95 per cent
of the gold can be recovered on the property.

Most of the gold, however, is associated with the pyrite and can be
concentrated by flotation. By this process, a tailing assaying 0-01 ounce
per ton in gold can be produced with a ratio of concentration of 6-84 : 1.
If a ready market is available for this concentraie it would, therefore, be
good practice to ship it. This concentrate was produced in a soda ash
pulp and could not be cyanided without washing and reconditioning
with lime. All attempts to float the pyrite in neutral or lime pulp were
gpsucglesdsful, the tailings in such cases assaying too high in gold to be

iscarded.
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Ore Dressing and Metallurgical Investigation No. 563

GOLD ORE FROM MONTAGUE GOLD MINES, LIMITED, MONTAGUE, N.8.

Shipment. A shipment of 1,150 pounds of ore was received February
13, 1934, from the Montague Gold Mines, Limited, Montague, Nova Scotia.

Characteristics of the Ore. The ore consists of grey slate and milky-
white to greyish white quartz. Twelve polished sections were prepared
and examined microscopically. The metallic minerals present in the
polished sections are, in their order of abundance, arsenopyrite, pyrite,
chalcopyrite, galena, pyrrhotite, sphalerite, magnetite or ilmenite (?), and
native gold. Arsenopyrite and pyrite are quite abundant; chalcopyrite
occurs in moderate amounts; galena, pyrrhotite, and sphalerite occur in
very small amounts; and magnetite or ilmenite (?) is very rare.

Mode of Occurrence of the Metallic Minerals.  Arsenopyrite occurs as
coarse crystals which are usually not elongated; however, a small amount
does occur as fine needles. Coarsely crystalline aggregates are common
in both quartz and slate, and these commonly form stringers along the walls
of the veins of quartz, or within either quartz or slate. Most of the arseno-
pyrite is somewhat shattered, and veinlets are occupied by chalcopyrite,
galena, native gold, or later gangue.

Pyrite is present as irregular grains in arsenopyrite or gangue, and in
several places forms narrow stringers in the latter. It is commonly closely
associated with arsenopyrite.

Chalcopyrite occurs as irregular grains and fine veinlets in arseno-
pyrite, and as large granular masses in quartz; the latter mode of occur-
rence is not common. The large masses contain sparse, small irregular
grains of sphalerite, which itself encloses numerous tiny dots of chal-
copyrite.

Galena is present in the arsenopyrite as small irregular grains and
veinlets, and in gangue as small grains.

Pyrrhotite is common as tiny irregular graing in arsenopyrite, but
the amount present is very small,

Sphalerite was seen only in chalcopyrite, as noted under that mineral.

Magnetite, and possibly ilmenite (?) is present as small grains in
gangue, and very rarely in arsenopyrite. Leucoxene (?) was seen in some
sections, and is probably a produect of the alteration of ilmenite (?).
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Native gold was seen only within arsenopyrite. It occurs as tiny
irregular grains and discontinuous veinlets from one to ten microns in
width. Some portions of the sections that show numerous tiny grains of
gold, show them in lines. These suggest that they are really segments of
irregular veinlets that have been cut by the polished surface in such a
manner as to appear as isolated grains. A minor amount of gold occurs in
chalcopyrite that veins arsenopyrite.

Average assays of the ore for gold and arsenic were as follows:

L€ 7o) [« N 0-98 oz/ton
7 TS U T PPN 0-98 per cent

ExPERIMENTAL TESTS
The following experimental tests were made to determine methods of
recovering the gold in the ore.
(1) Amalgamation.

(2) Amalgamation and table concentration of the tailing from the
amalgamation plates.

(3) Cyanide tests on table concentrate.

(4) Barrel amalgamation tests on table concentrate.
(5) TFlotation test on amalgamation tailing.

(6) Cyanide tests on amalgamation tailing.

(7) Straight cyanide tests on crude ore.

AMALGAMATION

Tests Nos. 1 and 2

~ Two lots of 1,000 grammes of ore were ground to the following screen
sizes and amalgamated by barrel amalgamation in a jar.

Screen Analysis of Amalgamation Tailing:

: Assay
Weight, '
Mesh per cent o%';}lt(})'n
-+ 28 0-51
- 284 35 1:69 1.8556
~ 354 48 6-74
- 484- 65 18:00 0-39
- 654100, 19.82 0:52
~1004-150. 11-84 0-335
—1504-200. 12-46 0-295
—200........ . . . .. 29.21 0-20
B 1 7 SN 10000 0.-47

Nore.~—This screen analysis amounts to a higher assay than the actual tailing, This is due no
doubt to the high content of metallic gold in the coarser sizes, which are very spotty in distribution.

Results of Amalgamation:

Feed Tailing
Test No. assay, assay, Reglf) Zgﬁg '
gold, oz/tonjgold, 0z/ton p
Lttt et e et I 098 032 |- 673
et et ae e e eaaan 0-98 0-22 776
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Table Concentration of Amalgamation Tailing:

Test Weight, Assay, Distribution,
No. Product per cent | gold, oz/ton per cent,

‘Table concentrate...............oovevuvnnn., 10-4 2-04 (cal.) 66.4
1 Table tailing........ooovviieiiiiiniiinenes 89-6 012 33-6
Total.oovvivivniiininen, 100-0 0:32 100-0
Table concentrate..................coovveins 15-6 1:03 (cal.) 73-2
2 Table tailing.......c..covvviiivenninnn 84-4 0-07 26-8
Total...... e PR 100-0 0-22 100-0

Note.~The assay of the tuble concentrate is calculated, and no attempt was made to make a
clean concentrate.

Overall Recoveries:

Test No. 1—
Amalgamation. . ...ou.vuie ittt 673 per cent
In table ConCentrate.......vvereeruvnrrveirnrorierrorieureneeronaes 21 “
B0 7 89.0 «
Test No. 2—
Amalgamation, .. ... vuve e i i i, 77+5 per cent
In table concentrate.......coveervnvivrierrrieninriinirariineaia., 8- «“
B 00T 71 94.0

Tests Nos. 8 and 4

Two lots of 1,000 grammes of ore were ground to the following sereen
sizes and amalgamated by barrel amalgamation in a jar.

Screen Test on Amalgamation Tailing:

Weight,

Mesh per cent
+ 6 0-1
— 654100 6-4
—1004-150 10-4
—150-4-200 20-6
—200 62-5
100-0

Results of Amalgamation:

Feed Tailing
Test No. assay, assay, Re:rogelxl'gr,
gold, oz/ton| gold, oz/ton| PET @
. 2 0-98 0-145 85.2
A e e e e 0-98 0-100 88.7
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Table Concentration of Amalgamation Tailing:

Test Weight, Assay, Distribution,
No. Product per cent | gold, oz/ton per cent

3 Table concentrate. vveus v ivrivrrreneenons 6-4 153 (cal.) 67:7
Tablo tailing. ...ooovviviiiieriiiiannenennns 036 0-05 32-3
Total.ooee e iiiiiiiie i, 100-0 0-145 100-0
4 Table concentrate......coveverirniivieerenns 13-4 0-41 64.6
Table tailing......o.coiiiviviiiiiiiiiinn.... 866 0-04 35-4
Total.coivriiieiiiiniiiinninann, 100-0 0-10 100-0

Note.—The above assays of the concentrates are calculated, and no attempt was made to
make a clean concentrate on the small laboratory table used.

Overall Recoveries:

Test No. 3.
Amalgamation. . .o.vivii i .. 85.2 per cent
In table concentrate . «“
B Y 93.7 «
Test No. 4:
Amalgamation. .o it i i e e e i, 887 per cent
In table CoOnCentIate. ..ot s i i ee it eeens 3«
e Y 96.0

LARGE-SCALE CONTINUOUS AMALGAMATION AND TABLE CONCENTRATION

Flow-Sheet. The ore was fed to a small rod mill that discharged to an
amalgamation plate. The plate tailing was pumped over a belt screen, a
35-mesh screen being used. The oversize returned to the rod mill and the
undersize was concentrated on a standard-deck Wilfley table. A con-
centrate and a tailing were made on the table.

Test No. 1

About 600 pounds of ore was used in this test and the rate of feed was
100 pounds per hour.

Results:
Assays Distribution, per cent
Product ' .
Gold, Arsenic .
oz/ton per cont Gold Arsenic
Feed to mill...... . 0-98 098 | 100-0 100-0
Retained onplate,.....ooovvvvevivi i oencn o 79:0 0-0
Amalgamation tailing 0-205 0-98 21-0 1000
Feed to table..... 0205 098 21-0 100-0
Table concentrate .. 4.66 27-15 13:2 71-4
Table talling. . .oovrveeiii i iin i iiieenenanns 0-078 0-28 7-8 28+6
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Screen Test Table Feed:

Weight,

Mesh per cent
+ 48...... 1.3
— 484 65...... 4:0
— 65+4100... 16-8
B [ PP 15-9
1804200, 1 eh e e s e e e e eay 20-6
B2 11 S 41.4
o] 7 T TR R LR R 100-0

Summary. Ratio of concentration on the table was36-2 :1. The table
recovered 63 per cent of the gold remaining in the amalgamation plate
tailing. 'The recovery by amalgamation was 79 per cent. The recovery
in the table concentrate was 13-2 per cent. The total recovery by amalga-
mation and table concentration was 92-2 per cent. The grade of the table
concentrate was 4-66 ounces gold per ton and 27-15 per cent arsenic.

Test No. 2

The feed rate in this test was increased to 150 pounds per hour, and
about 450 pounds of ore was used.

Results:
) Assays Distribution, per cent
Product ;
Gold, Arsenic, .

oz/ton per cent Gold Arsenic

Teedtomill.....oovvvviiviiiniiinniniinns 0-98 0-98 100-0 100-0

Retained onplate........coooovriniienniisrieni]ivieninidiiniiiiiin 7745 0-0

Amalgamation tailing............. e 0-22 0-98 22:5 100-0

Feed to table....... 0-22 0-98 22:5 100-0
Table concentrate... v 4.3 20-80 17:35 [Loviiiennnns
Table tailing. ..coovuriivniiaiviiriiiianiins 0075 {..ovvvunnnnn 5:15 [Lovvvinnnnns

Screen Test Table Feed:
Weight
Mesh per cent
PN 4-4

T T, 8.95
Bl 11 x2S P R R R 16-70
B (L0 1 S S R R R R 14-95
104200, 4 et 16-00
L 11 TR D P S 39.00
1 7Y T R R L LR R 10600

Summary. Ratio of concentration on the table, 29-2 : 1. The table
recovered 67-1 per cent of the gold remaining in the amalgamation plate
tailing. The recovery by amalgamation was 775 per cent. The recovery
in the table concentrate was 17-35 per cent. The total recovery by amal-
gamation and table concentration was 94-85 per cent. The grade of the
table concentrate was 4-3 ounces gold per ton and 20-80 per cent arsenic.
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Tests for the Recovery of the Gold in Table Concentrate

CYANIDATION ,
Two cyanide tests were run on the table concentrate obtained from
continuous Run No. 2.

In Test No. 1 the concentrate was cyanided without regrinding, and
in Test No. 2 the concentrate was reground in water to 87 per cent through
200 mesh and filtered before cyanidation.

Results:
Teed sample of concentrate, gold, 8-67 oz./ton.

Test soas Tailing | Extraction, Hours Reagents consumed
Grinding 1
No. assay per cent agitated KCN | CaO PHO
1 None...ocovveviivninnnn. 0-30 91.8 48 21.41 85 ...
2 87 per cent —200 mesh. . 0-11 97.0 48 5.61 | 10-75 1.0

Remarks. These results show that the table concentrate responds
readily to treatment by cyanidation, good recoveries being obtained with a
low reagent consumption.

Summary. Recapitulating this result with the results of the con-
tinuous Run No. 2, it is evident that by regrinding the table concentrate
94 -3 per cent of the gold in the ore can be recovered, and without regrinding
935 per cent can be recovered by cyaniding the table concentrate.

Gold recovered by plate amalgamation Run No. 2....c0.cvuennn.. 77.5 per cent
Gold recovered in table concentrate Run No. 2..........coovvvnnnn. 17-35 ¢
Gold recovered by eyaniding raw table concentrate................ 9.8 «
Gold recovered by cyaniding reground table concentrate........... 97.0 ¢

Therefore total gold recoverable by plate amalgamation followed by
cyanidation of the raw table concentrate is 77-5 + (91-8X17-35=16.0) =
93-5 per cent, and for reground concentrate 77-54-(97-0X17-35=16-8) =
94 -3 per cent.

BARREL AMALGAMATION

A barrel amalgamation test was run on the table concentrate obtained
from continuous Run No. 1.

Results: The concentrate was reground for one hour in a ball mill and
mercury then added. The mercury floured rather badly.

Assays, | Recovery,

Product gold, oz/ton| per cent

Feed (table Concentrate). . vvu e s rerenen it ineneriirinesrnenennens 466 - 76+6
Amalganation tailling. . coveu i i i e e i e

Remarks. Recapitulating this result with the results of continuous
Run No. 1, it is evident that 89-1 per cent of the gold in the ore can be
recovered by plate amalgamation and barrel amalgamation of the table
concentrate.

Gold recovered by plate amalgamation Run No. 1.........oo.vusss 79.0 per cent
Gold recovered in table concentrate Run No. L........vvvvneenn... 13.2
Gold recovered by barre! amalgamation of table concentrate....... 76-6 ¢
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Therefore total gold recoverable by plate amalgamation and barrel
amalgamation of table concentrate is 79-0--(76-6 per cent of 132 per cent
=10-1 per cent) =89-1 per cent.

FLOTATION TEST ON AMALGAMATION TAILING

A large sample was cut from the amalgamation tailing during con-
tinuous Run No. 2. Part of this sample was used for a flotation test.

A sample, 2,000 grammes, of this tailing was reground to approximately
65 per cent through 200 mesh in g ball millin a 1 : 1 pulp.

The following reagents were used:

Added to ball mill: Soda ash.....oooviiiiiiirniniiriinriiernnninns 3.0 1b./ ton
“ “ Xanthate....ovvvvriiiiiiniiiiiiinrieensanes 0-3 “
Added to flotation cell: Pine oil ....oovuiiiiiiiiiiiiiiiiiinnninnins 0:05 “
Results:
. Assay Distribution
Products v‘;ilggl& gold,' of gold,
p oz/ton per cent
Flotation concentrate..cveeiuvererreeerienerieiorninssen 24 3.84 73.0
TFlotation tailing. ..evuvteeiieienrorronennensenserininens 97-6 0035 27.0

CYANIDE TESTS ON AMALGAMATION TAILING

Two cyanide tests were made on part of the sample cut from the
amalgamation tailing during continuous Run No. 2. Test No. 1 was run
on straight tailing and Test No. 2 on reground tailing. The strength of the
cyanide solution used was 0-50 pound KCN per ton and the time of treat-
ment 24 hours,

Results:
s . g Reagent consumption
Test e Tailing | Extraction, | Agitation
No. Grinding assay per cent hours ! KCN Ca0
1 |NODe..uvvrrversrisnnsnanns 0-02 90-9 24 0-16 9-0
2 |78-4 per cent —200 mesh.,... 0-015 93-2 24 0-42 9.5

Remarks. It is evident from these results that the ore after amalga-
mation can be readily cyanided and high extraction of the gold obtained
with a very low reagent consumption.

Recapitulating these results with the plate amalgamation results
obtained 1n continuous Run No. 2:—

Gold recovered by plate amalgamation Run No. 2................. 7745 per cent
Gold recovered by cyanidation plate tailing....................00e 90-9
Gold recovered by cyanidation reground tailing.................... 93.2

Therefore total gold recoverable by amalgamation and by cyanidation
of the amalgamation tailing is:—

77:-54-(90-9X22-5=20-4)=97-9 per cent.

77-54(93-2X22-5=21-0)=98-5 per cent.
84712—8
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STRAIGHT CYANIDATION

Four cyanide tests were made on the ore. The strength of the solution
used was 0- 5 pound per ton, and the solution was maintained at this strength
by frequent additions during the tests.

Results:

Feed sample: gold, 0-98 oz. /ton.

. Reagent consumption,
Test No Grinding | Agitation, | Assay of [Ixtraction, Ib./ton
* mesh hours tailing per cent
KCN ! CaO

— 48 24 0-07 92.8 1-06 11-88
— 48 48 0:125 872 levevvuveenrs]enrnnvenns
—100 24 0-02 97.9 118 [..........
—100 48 0:025 974 1.02 15-30

Remarks, These tests show that the ore is amenable to straight
cyanidation, but owing to the presence of such a high proportion of coarse
free gold it would be advisable to use traps and blankets in the cyanide
circwt to remove the coarse gold, otherwise losses would undoubtedly
occur owing to metallic gold passing through the mill before it had time to
be dissolved.

CONCLUSIONS AND RECOMMENDATIONS

Metallurgically, the ore is extremely simple to treat and responds
equally well to a number of different flow-sheets.

Considering the treatment problem wholly from a metallurgical point
of view, the best practice would be a flow-sheet in which the ore was ground
in water, passed over plates and blankets, and the tailing cyanided.

However, amalgamation and table concentration of the plate tailing
gives a high recovery (94 to 95 per cent), 77-5 per cent being recovered by
amalgamation and an additional 17 per cent in a table concentrate con-
taining 20 per cent arsenic. The milling machinery already on the property
can best be adapted to this latter practice.

The question of treatment or recovery of the gold in the table con-
centrate should not be overlooked. It can be shipped to a smelter, but
experience has shown that this should be done only as a last resource.

The test work has shown that a fair overall recovery can be obtained
by barrel amalgamation of the table concentrate, and that an excellent
overall recovery can be obtained by cyaniding this product.

The type of stamp. battery in the mill at the property is not the best
for amalgamation purposes, being a heavy-duty, 1,900-pound-per-stamp,
Rand battery. The test work has shown that the ore should be erushed as
fine as is practical, but it is doubtful whether it will be practical to use a
40-mesh sereen on this type of battery.

) In conclusion, attention is directed to the possibility of sorting the ore
before milling, Judging from the sample received, it should be possible to
hand-sort a considerable amount of barren slate from the ore on a picking-
belt before crushing.
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Ore Dressing and Metallurgical Investigation No. 565

LEAD-ZINC ORE FROM THE STIRLING MINE, STIRLING, N.S.

Shipment. A shipment of two carloads of ore was received November
6, 1933, from the British Metals Corporation (Canada), Limited. The
shipment contained 80 tons of ore taken from the dumps at the Stirling
mine, Stirling, Nova Scotia.

Character of Ore. Weeks'! has described the gangue as consisting
mostly of quartz and feldspar with small amounts of other minerals common
to voleanie rocks. Although little work was carried out in this laboratory
on the identification of the gangue minerals, the sections examined contain
predominatingly light-coloured silicates (probably feldspar) with some
white quartz. A small amount of white carbonate is present as narrow
veinlets and disseminated grains.

The metallic minerals in the polished sections are, in their order of
abundance, pyrite, sphalerite, galena and chalcopyrite, and tetrahedrite.
Both gangue and ore minerals are very fine-grained and are everywhere
intimately admixed. Pyrite commonly forms small irregular grains and
imperfect cubes disseminated in the silicate gangue. It ismuch shattered,
particularly in the larger sizes, and contains veinlets with sphalerite,
chalcopyrite, galena, tetrahedrite, and carbonate.

Sphalerite occurs as small irregular grains and fine stringers, and is
intimately associated with the other sulphides; in rare cases it is veined
and somewhat replaced by chalcopyrite, galena, and tetrahedrite.

Chalcopyrite also occurs as small irregular grains and fine stringers,
and is intimately associated with the other sulphides. In places it veins
and corrodes sphalerite.

Galena forms irregular patehes and small grains intimately associated
with the other sulphides. It veins pyrite, sphalerite, and chalecopyrite.

Tetrahedrite is common and occurs as irregular patehes and grains
in galena and chalcopyrite, and sometimes in sphalerite. In some places
this mineral veins sphalerite, chaleopyrite and galena, and is rarely present
in the late carbonate veinlets. .

The relative proportions of the metallic and gangue minerals differ
considerably over short distances, imparting to the ore in some sections
a distinet banded or streaky appearance. The gangue and the several
metallic minerals are intimately mixed and the degree of combination
of the sulphides and their grain sizes are brought out by the tables given later.

Paragenesis. 'The relationship of the minerals as shown in the polished
sections allows some interpretation of their order of deposition. This
interpretation is best represented graphically, and is shown in Table I

1 Weeks, L. J.; Geol. Surv., Canada, Sum. Rept., 1924, pt. C; p. 212¢.
84712—13
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TABLE I

Paragenesis of Ore at the Stirling Mine

Quartz..........oieihins —m——— -7 -
CPyrite......ooiiiiea _——

Galena........oovvvvnenes e
Tetrahedrite.............. e ———
Carbonate................ — = —_—————

“Limonite”’ (Supergene)... . ————

Spectral Analyses of the Metallic Minerals. Analyses by means of the
quartz spectrograph were carried out on small samples of the metallic
minerals, obtained by drilling from the mineral grains in the polished
sections under the microscope. The results of these analyses for tetra-
hedrite, galena, sphalerite, and chalcopyrite are shown in Table II. The
strength of the spectra of the contained elements was estimated, and this
is a rough indication of the relative amounts of these elements in the
samples. '

TABLE II
Spectral Analyses of the Metallic Minerals
Tetrahedrite
(dissolved in
HNO; and
Elements converted to Galena Sphalerite Chalcopyrite
chlorides after (Powder) (Powder) (Powder)
placing on the
electrode)
Copper. .... .. Essential, Nil Trace Essential,
Strong Strong
Iron..evienan, Trace Trace Strong Essential
Trace
Lead......... Nil Essential, Trace Nil
Strong
Zine.......... - Nil Nit Essential, Nil
Strong
Tineeooven.nn. Nit Trace Taint Trace Nil
Gold......... Nil Nil Nil Nil
Silver......... Strong Strong Taint Nil
Trace Trace Trace
Arsenic....... Essential, Nil Nil Nil
Strong
Antimony..... Essential, Nit Nil Nil
Moderate
Bismuth...... Nil Strong Nil Nil
Trace
Cadmium..... Nil Strong Moderate Nil
Trace Trace
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It will be seen from the above analysis of tetrahedrite, that arsenic is
estimated as stronger than antimony; this would indicate that the mineral
is not true tetrahedrite, but an intermediate member of the tetrahedrite-
tennantite series.

Mode of Occurrence of the Precious Metals. The spectrographic
analyses show that teftrahedrite and galena contain appreciable traces
of silver, but chalcopyrite contains none; the silver reported in the sphalerite
is undoubtedly due to the inclusion of a small amount of galena, and pos-
sibly tetrahedrite, in the sample analysed. The presence of gold in any
of the metallic minerals was not detected, but exceedingly small traces
might be present and the concentration still be below the limits at which
the methods employed might be expected to detect this metal.

Grain Size of the Minerals tn the Ore. Quantitative microscopie
analyses of the minerals in eleven sections of the ore were carried out
by making a large number of traverses across the surfaces. The final
calculations of theseanalysesareshownin Tables ITI to VI (pages 82 and 83).
For the purpose of providing a rough check on these results, the percentages
of the metals and sulphur in the ore were calculated, using the results
shown in Table IV as the basis; these percentages are shown in Table VII.



TABLE II1
Complete Grain Analysis (By Volume) of Ore from the Stirling Mine, Nova Scotia
Sphalerite Pyrite Chalcopyrite Galena Tetrahedrite
Mesh Com- Com- Com- Com- Com- Gangue | Totals
Free | ined | Free | pied | Free | pPied | Free | pined | Free | pined
....................................... 18-48 18-48
.......... (125273 SP DR 4-44 4-69
.......... 0-41 [.eoveeeedennnennn.. 5-40 6-04
.......... 0-55 [.......... 0-30 4-25 5.49
0-08 0-87 |.eennn.... 0-36 4-10 6-06
0-13 1-33 {.oeeen.... 0-65 5-87 9.22
0-23 1-35 0-05 0-18 4-50 8-24
0-47 2-00 0-17 0-23 3-70 9.49
0-84 2-88 0-25 0-56 4-35 13-01
1.31 3-83 0-90 0-80 5-33 19-29
3-06 13-47 1-37 3-08 60-42 | 100-00%,
16-53 4-45 2-49 0-93 60-42 100-00%
TABLE IV
Complete Grain Analysis (By Weight) of Ore from the Stirling Mine, Nova Scotia
Specific gravities assumed: Sp.—4-0; Py—5-0; Cp—4-2; Ga—7-5; Tet—4-7; Gangue—82-6
Sphalerite Pyrite Chalcopyrite Galena Tetrahedrite
Mesh Com- Com- Com- Com- Com- Gangue | Totals
Free bined Free bined Free bined Free bined Free Bined
A PN SO PR DRI IR SO IR PSS SRS PSP PSSR 14-08 14.08
=204 2. i 1L S O P! O PRI R 3-38 3-62
— 28+ 35 .. 0-27 |evvuvnnnnn 11 R o Y PP IR P, 4-11 4-98
— 354+ 48 046 {.......... 0-81 [.......... (12 748 PR PR PN PO 3-24 4-88
— 484 65... ... )i 0-62 0-12 1-28 1.......... L2 R D 0-15 3-12 5.73
— 654100........ 0-09 1-08 0-19 1-94 |.......... 0-80 |.......... 0-40 |.......... 0-09 4-47 9-06
—100+150........ 0-15 1.73 0-34 1.97 0-06 0-22 |.......... 0-491.......... 0-17 3-43 8-56
—1504-200........ 0-41 2-41 0-69 2-94 0-21 0-28 0-07 068 [.......... 0-22 2-82 10-71
—200+325........ 0-81 3-16 1-23 4-22 0-31 0-69 0-18 1-06 0-06 0-18 3-32 15-22
—325. . e, 1-39 5-07 1-92 5-60 1-10 0-99 0-61 2-01 0-08 0-33 4-06 2316
Total 2-85 14-80 4-49 19-60 1-68 3-79 0-86 4-62 0-14 1-14 46-03 100-00
otals
17-65 24-09 5-47 5-48 1.28 4_6-03 100-00

a8



TABLE V
Complete Grain Analysis of Sulphides Alone (By Volume) in Ore from the Stirling Mine, Nova Scotia

Sphalerite

Pyrite Chalcopyrite Galena Tetrahedrite
Mesh N Com- Com- Com- Com- Com- Totals
Free | bined | T | Pined | Fre | bimed | FTe | pmea | Free | pived
S oA S [ IS PN

— 204+ 28 0.63 .

— 284+ 35 1-04 .
— 35+ 48... 1-39 |. (UL PR N NN AR, 3-14

— 481 65... 2-21 |, (U2 S R P .

— 65--100... 3-35 164 ... 046 |.......... .

—100--150... 3-40 0-46 |..........}  0-57|.......... .

—150-+200. .. 5-06 0681 0.08| 075 |.......... -

—200+-325... 7-28 1-42 .
=325 e 9-66 2-02 35-24
34-02 7-79 0-27 2-09 100-00

Totals
41-76 11.25 2-36 100-00
TABLE VI
Complete Grain Analysis of Sulphides Alone (By Weight) in Ore from the Stirling Mine, Nova Scotia
Specific gravities assumed: Sp—4-0; Py—5-0; Cp—4-2; Ga—7-5; Tet—4-7
Sphalerite Pyrite Chalcopyrite Galena Tetrahedrite

Mesh Free g&?& Free g&?& Free g&?& Free g&?& Free ‘S&?& Totals
1 Y POt D PO PSR AU R SN R
— 20+ 28 0-43 0-43
— 28 35 1.12 1-61
— 35} 48 1.49 [ I B PO I 3.02
— 48-} 65 2-37 0-81 . 4.82
— 65--100 3-60 1.48 . 8-50
—100--150... 3-65 0:42 |..........] 0.9 ]...... . 9-50
—150-4200... 5-44 0-52 13 5’1 N D 0-41 14-65
—200-+-325 7-82 1.28 0-33 1-96 0-12 0-34 2205
—325 10-38 1.83 1-14 3.73 0-15 0-62 35.42
36-30 7-03 1.60 8-55 0-27 2-11 100-00
44-62 10-15 10:15 2-38 100-00

€8
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A comparison of the results given in Table VII with chemical analyses
of the feed samples reveals that the caleculated percentages are too high.
This indicates merely that the microscopic investigations were carried
out with material of higher metallic mineral content than the ore as a whole.

TABLE VII

Distribution of the Metals and Sulphur in the Minerals i1 Ore from the Stirling
Mine, Nova Scotia

(Calculated from Quantitaiive Grain Analysis shown in Table IV)

Antimony
Minerals Iron Sulphur Zine Copper Lead ‘and,
arsenic

Pyrite...ccoviiiiiiiniiinienneans 11.28 O 3 R O [
Sphalerite...oocovviiviinininiiiiinis 5-82 1183 [oveviinen]oennnenine]eruennenes
Chaleopyrite.....covvvienvninnns 1.65 1:92 [..ooviie, J 1 R PN
[ 1 1) T P PR 074 |.ovvviil]s ereeeans 474 oo,
Tetrahedrite. ....ovvvervenvineifivinennnnn 029 |...oiveen 067 |..o.vven 0-32

~ Analysis. No feed sample was cut representing the entire shipment.
An approximate analysis indicated from the daily sample of the classifier
overflow during the experimental tests would be:—

[010)5) TS 0-9 per cent
17T SN 2.0

/2 L P 80

01 0-035 oz/ton

1SS 2-5 ¢

Purpose of Eaxperimenial Tests. The DBritish Metal Corporation
(Canada), Limited, through its mining engineer, R. D. Hearn, requested
experimental work on the ore in order to improve if possible the flow-
sheet and methods previously in use in the mill at Stirling. The existing
flow-sheet is briefly as follows: Grinding is carried to 98 per cent through
a 200-mesh screen. A tale product is then removed by flotation and the
flotation of the lead, copper, and zinc minerals follows progressively to
make a lead, a copper, and a zine concentrate for shipment to the smelter.

Mr. Hearn was present during the experimental tests and assisted
in the test work and in interpreting the results.

Three main objectives guided the experimental tests:—

(1) To determine whether a tale product could be successfully removed
at a coarser size. The removal of a coarse tale produet at some stage in
the grinding circuit would reduce the tonnage to be reground and therefore
increase the capacity of the ball mills.

(2) To determine if a bulk concentrate of the lead and copper of
marketable grade could be produced and through increased recoveries.
of these metals greater profits be obtained.

(3) To experiment with a lead-copper separation from this bulk
concentrate product, in expectation of obtaining both a higher grade
product for shipment and better recoveries than obtained by the pro-
gressive method of separation.
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ExrERIMENTAL TESTS

A previous microscopic study of the ore had shown that the talc was
practically free from association with either the copper, lead, or zine minerals
and therefore there was no apparent reason why it should not be separated
from the ore at a relatively coarse size. The sulphides themselves, how-
ever, were found to be intimately associated with each other, which suggests
that extremely fine grinding would be required to free them. A flotation
unit for the removal of the talec could, therefore, be placed at any point
in the grinding circuit where it was found convenient, but the ore would
require very fine grinding.

A series of separate individual daily runs was made, each of about
8 hours’ duration. Some characteristics of the ore observed during these
runs are mentioned here so that references in the test results will be better
understood. The galena was found to be much slower in floating than that
found in an average ore, and within reasonable limits the flotability of
the galena was greatly increased by any increase in the quantity of cyanide
that was added for the purpose of depressing the pyrite. The chalcopyrite
was found much more sensitive to cyanide than an average chalcopyrite.
Both conditions may be at least partly due to the fact that the ore treated
hﬁd been mined over three years and was exposed to the weather during
that time.

These two conditions made it necessary to keep the amount of cyanide
within certain limits, and did not allow much latitude in controlling the
depression of pyrite, for which purpose it is necessary to use the cyanide,

Twenty-four individual flotation tests or runs were made.

A few tests only are included in this report, selected to bring out
characteristics that will be referred to.

Runs Nos. 1to &

The flow-sheet used for these runs was as follows: The ore at 2 inch
was fed to a 4-foot by 3-foot grate-discharge ball mill carrying a ball load of
approximately 2,000 pounds of 3-inch balls. This ball mill was in closed cir-
cult with a Dorr classifier. The classifier overflow went to a 5-cell mechanical
type flotation unit where a talc float was taken off. The tailing from this
flotation unit was pumped to a second Dorr classifier operating in closed
circuit with a 30-inch by 3-foot ball mill. The overflow of the classitier
then went to a second 5-cell flotation unit similar to the first where a second
tale float was made. The talc concentrate was sampled and pumped
to waste, first being passed over a Wilfley table, which was used as a pilot
or guide to the operation of the tale cells. The tailing from the final
tale float was sampled and pumped to a conditioning tank that fed the
copper-lead flotation circuit. A bulk concentrate containing the copper
and lead was floated in a 10-cell unit similar to the one used on the tale
flotation. The reagents for the copper-lead float were introduced into
the conditioning tank and the discharge of the conditioning tank was fed
to CellNo. 2. Cells Nos. 2 and 3 made a concentrate that was recleaned
in Cell No. 1. The froth from Cells Nos. 4 to 10 (inclusive) was returned
as rougher concentrate with the feed into Cell No. 2. The tailing from the
copper-lead circuit was sampled and pumped to a conditioning tank,
where lime and copper sulphate were added, together with the other reagents
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required for the flotation of the zinc.
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The discharge of the zine conditioning

tank was fed to Cell No. 4 of a 10-cell unit similar to the other units. A
rougher concentrate was taken off Cells Nos. 4 to 10 and returned for re-
cleaning in Cells Nos. 2 and 8. The froth from Cells Nos. 2 and 3 was
recleaned in Cell No. 1. The tailing from this circuit was pumped to waste.

Run No. 2

Feed rate: Approximately 950 pounds per hour.

Reagents added to primary ball

Soda ash...
Zinc sulphate.
Cyanide........oovvnn..

Density:

Ballmill............. it sassaessstesenasasesarasesassiatban
Classifier 0verflow......cvvuvriiiivierniienieisirierionennenes

Reagents added to secondary ball mill:

mall:

1S 10Ts T

Cyanide....ovvrvuriniirrnsinrneninrncannes .

Density:

Classifier overflow............ovun e reene ety

Reagents to talc flotations:
Talc T'loat No., 1—
Cresylic acid........ 0-07 1b/ton

Reagents to copper-lead float:
Potassium amy!l xanthate

Tale Iloat No. 2—

Aecrofloat No.25.............. verees .

Reagents to zinc float:

Screen Tests:

Cresylic acid..... Ve

0-25 1b/ton
0-04

25 per cent solids

0:03 lb/ton

0-024 1b/ton
0-03 “

Primary Classifier Overflow

Weight, Weight,

Mesh per cent Mesh per cent
E - T 1.4 B R Y P PO
— 48+ 65.......... 671 — 484 65,.. . 0-5
— 65--100 e 11.7 | — 65--100... . 4.3
-100-+-150...... . 7.8 | -1004150.......... . 5-8
~150-4-200...... . 12:1 | —1504200............ . 13-1
—200....00000uuen 603 1 —200.....00000vrireriensnnnnennns 76-3
Total..ooesvnnn.. 100-0 Totalevenerirnsninnnas 100-0

Assays of Products:

Copper Lead, Zine Gold Silver

Product per cent per cent | per cent oz/toz’m oz/ton'
Feed sample...... Ceveenes 034 2:06 792 0-04 246
Tale concentrate............ e eeariieen 0-49 1-37 4.39 0-04 338
Feed to copper-lead flotation........... 0-89 2-20 8:02 0035 246
Copper-lead concentrate........ Creeeeens 4-50 19-60 11:90 0-25 14-46
Copper-lead tailing and zine feed.......... 0-52 0-28 785 [.ovvennnns P
Zinc concentrate.........veunns 1.70 0-73 56-61 [,oveuenonfonnenninss
Zinc tailing (final)............. e eerereeiean 0-35 0-16 0-69 0-01 0-82
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Remarks. TFrom the behaviour of the chalcopyrite in this test and
also in Test No. 1, it is evident that the cyanide is attacking and depressing
this copper mineral. The total quantity of cyanide used was equivalent
to 020 pound per ton of ore. The zinc flotation gave no trouble.

Run No. 8

The results of this run will not be given and reference is only made
to it in order to show that the zinc flotation was successful. A concentrate
was obtained running 54 per cent zinc with a tailing of 0-8 per cent. The
loss of zinc in the final tailing was 7-1 per cent.

Run No. 4
Freed rate:  Approximately 950 pounds per hour.

Reagents added to primary ball mall:

Soda ash, 9.00 a.m. to 3.30 p.m
Soda ash, 3.30 p.m. to 4.15 p.m
Cyanide. .. vuiisiin e ciiniirenrennenns

~ Zine sulphate..... N

Reagents added to secondary ball mall:

Cyanide....ovvviviiiiinieininnreres
Zine sulphate

Reagents to talc flotation:
Tale Float No. 1— Tale Float No, 2—
Cresylie acid........ 0:07 Ib/ton Cresylie acid........ 0:03 1b/ton
Reagents to copper-lead float:

Butyl xanthate, Z-8..vc.. ittt i e e 0:05 1b/ton
Barrett No. 4 0ilc oo it it i e ciirce v ceinceie e, 0003 K

3 - T N 2-0 lb/‘t‘on

Potassium ethyl xanthate 0-10
Copper sulphate............vves. 0 “
Pincoil.ovviviiininn.s . 0-08

The grinding for the first talc flotation averaged 66-5 per cent through
200 mesh, and, for the final flotation, 79-7 per cent.

Assays of Products:

y Copper, Lead, Ziue, Gold, Silver,
Product per cent ‘por cent per cent oz/ton oz/ton
Feed sample.....ovvvviivnnennss 0-90 2:10 8:17 0-04 252
Tale product.......ccoovvviinnn 058 1:46 {25 7 R NN
Copper-lead concentrate.......... 9.34 19-10 986 0:30 22-12
Fopgread tailing. .ol g 0-41 IS U RUROTORU IO
Zine concentrate.........viuinns 0-46 1-44 5774 ... Crereiaas
Final tailing....c..oovvvvvnvennnns 025 017 1:20 [oooiieinen]oniiinnnn

Remarks. The test is given to show the effect of a change of reagents
on the copper-lead float. Amyl xanthate, used in the previous tests,
was replaced by secondary butyl (Z-8) with the result that there was a
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marked reduction in the amount of zinc in the copper-lead concentrate.
The quantity of cyanide was reduced from 0-20 pound per ton used in
Run No. 2 to 0:04 pound per ton in this run, with the result that the
recovery of copper was improved.

Runs Nos. 6 to 9

(Recleaning Talec Product and Copper-Lead Concentrate)

The total number of cells available for these tests was thirty. These
were all required when the zinc flotation was made. The first series of
tests showed conclusively that there were no problems in connection with
the flotation of the zinec and that both a high-grade concentrate and low
tailing could be obtained. For this reason it was decided to leave out
the zinc flotation and to use three of the ten cells made available, for
recleaning the copper-lead concentrate, and the remainder (seven cells)
for recleaning the tale product.

The flow-sheet for these runs was, therefore, similar to the previous
ones, except that the copper-lead concentrate and tale product were re-
cleaned.

The grade of the concentrate was raised without affecting the loss
in the tailing, as can be seen from the assays of the products obtained
in Run No. 9 given in the following table. A microscopic study was made
of the middling returning from the cleaner cells to the feed, the result of
which is given later in the report, where this unground middling is compared
with a reground middling from Run No. 24.

Assays of Products:

Copper, | Lead, Zine, Insol., Gold, Silver,

Product per cent | per ecent | per cent | per cont | oz/ton oz/ton
Feed.ovossiiiiiireranannnnnnnss 0-90 1-93 FEX:L S 0:035 246
Tale product.......cocvvvuvnnnn. 0-43 1-02 L2172 R IR P
Copper-lead concentrate.......... 10-84 2280 8:67 2-40 0:37 29-10
Copper-lead middling............ 3.48 8-96 1328 fouvnivrnviverecnene]errannaeas
Copper-lead tailing.............. 0-13 0-28 [ 2X:% 28 S PR P

The grinding in these tests was rather coarse, namely 65 per cent
through 200 mesh for the primary tale float and only 74 per cent through
200 mesh for the final grinding.

Runs Nos. 10 to 13

(Regrinding Concentrate)

In this series of runs the copper-lead concentrate from the first two
cells of the 10-cell roughing unit was pumped to a Genter thickener and
thickened for regrinding. The reground concentrate was then re-floated
in a 5-cell unit, the concentrate from two cells being recleaned in the
single cell, the greater part of the reagents ocdinarily collecting in the
concentrate was apparently washed away in the Genter solution during
thickening and it was therefore necessary to add additional reagents to
this circuit.
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The addition of promoting reagents, such as xanthate, to this reground
concentrate required very delicate control, and the small amount of material
being handled increased the difficulty of arriving at the correct amount.

N The best results obtained during the series of runs was with Run
o. 13.

Run No. 18:

Feed rate:  Approximately 950 pounds per hour.
Reagents added to primary ball mill:

TS 1 1-0 1b/ton

Zine SWPDALE. . o v vttt e e i e e 0:8 «

105 s 1 0-02
Reagents added to secondary ball mall:

b33 T ) 1 YO N 0-5 Ib/ton
Reagents added for talc flotation:

Tale Product No. 1 Tale Produet No. 2
Cresylie acid.......... 0-1 Ib/ton Cresylic acid.......... 0-07 1b/ton

Reagents added for copper-lead float:
Buty! xanthate to conditioning tank 0-05 1b/ton
« “« Cell No. 4......... 0-008 ¢
Cresylicacid 0 Cell No. B.viviiriiiine it eeiiteeneernnenes 0-028 «

Reagents added for reground copper-lead concentrate circuit:

Zing sulphate t0 regrind mill. ..o viriii e it et 0-16 b/ton ore
Butyl xanthate t0 cells—average.....ovvvvvieiveirireeeeernnnnn. 0-04 “
Barrett No. 4 oil tomill.....uoiiiiiiiiiiiiniiiini et 0-03 «“

The regrinding for the first and second talc floats was respectively
66 per cent and 77 per cent through 200 mesh.

Assays of Products:

Copper, Lead, Zine, Insol., Gold, Silver,
Product per cent { per cent | per cent | per cent | oz/ton oz/ton
Feed.oooivviiiiiviiiiin s, 0-78 1-83 742 |ooain, 0-035 2-51
Tale produet.......covvvivnnnn.. 0-29 1.10 21172 P IR P
Copper-lead concentrate
(rougher),..oovveviiinininninns 7-80 16-40 12.20 502 0:21 18:56
Copper-lead reground and re-
cleaned coneentrate............ 1144 24.922 7-23 3:23 0:33 30:08
Tailing.oooooviiiiiiniiiininn., 0:18 0-30 (Y7 PR Y PN

Runs Nos. 14 1o 24

(Recleaning Middling)

In this series of runs the middling from the second and third recleaning
of the copper-lead concentrate was reground, after first being thickened
in a Genter thickener. The reground middling was returned to the head
of the copper-lead flotation circuit.

The object was to improve the grade of the copper-lead concentrate
and to increase the assay of both copper and lead in this product.

A few special reagents were used during some of these tests, but their
use showed no marked improvement over the reagents that were adopted
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in this test work as standard for the ore, namely, soda ash, cyanide, zinc
sulphate, butyl xanthate (Z-8), and cresylic acid. The control of the
quantity and the point of addition of these reagents have been found
important, and in an endeavour to obtain the best results the conditions
of running were changed for each test.

Recoveries and Distribution of Metals. In the brief summary of a
number of tests given, recoveries are not referred to because the calculated
results of the recovery for individual runs were not satisfactory. Very
small differences in the value of assays made tremendous differences in
recoveries. The following tables have been worked out to show the
recovery and distribution of the metals in actual tests. The tonnages,
on a 100-ton basis, have been computed by using copper-zine, lead-zine,
and copper-lead assay combinations, and also using each assay of copper,
lead, and zinc separately. The results are shown in Table VIII. The
figures in heavy type are abnormal, and a black X indicates an impossible
calculation. In Table IX are shown the recoveries obtained using the
average tonnage figures taken from Table VIII. In working these figures
out it was found that the copper-lead combinations did not give very good
results and that the copper-zine and lead-zinec combinations were more
useful. In Table IX the per cent recoveries are on the actual feed. The
copper and zinc, as a rule, worked out well but the lead was always irregular.

Table X has been compiled to represent what could be expected from
a prolonged run under the average conditions maintained during the
entire test work on Runs Nos. 9, 12, 13, 14, 15, 16, 17, 18, 22, 23, 24—
eleven tests in all. The following method of averaging was adopted after
it became apparent than no one particular test could be picked out as
illustrative of the best practice to be obtained, and this situation was
probably caused by errors that could not be controlled—in the sampling
or through very small errors of assay.

Feed Assays:
Averages—

Copper. Discarded all assays below 0:8 and over 1:00. Leaves 9 out of 11
assays for average. One high and one low discarded.

Lead. Discarded all below 1-75. Leaves 9 out of 11 assays for average. There
are no abnormal highs recorded.

Zine. No assays discarded. No abnormal highs or lows, Average of 11 taken.

Tale Concentrate Assays:

Averages—
Copper. One high out of 11 assays discarded.

Lead. One low and three highs discarded. Seven retained for average.
Zine. Two highs discarded. No abnormal lows. Nine retained for average.

Lead-Copper Concentrate A ssays:

Not averaged, as values entirely too diverse. Lead-copper concentrate regarded
as the unknown and calculated afterwards from the average assays of other
products and the tonnages.

[}
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Zinc Feed Assays:

Averages—

Copper. One low and two highs discarded out of 11.

Lead. Three highs discarded. (Three discarded were -all above 0-4per cent,
ie., 0-43, 0-45, 0-45).

Zine, One high discarded. No abnormal lows. Ten retained.

Tale Concenirate Tonnage:

All results lower than 45 tons and higher than 25 tons discarded. Copper-zine
and lead-zine assay celeulations used, but not the copper-lead ealculations,
which are obviously unreliable. This meant discarding 2 lows and 6 highs
out of 22 results, giving average of 11-1 tons.

Zinc Feed Tonnage:

Discarded all results below 80 and over 90. Out of 26 results, 11 lows and 2
highs were discarded. Out of the 11 lows discarded, 10 were below 70 and
although the number discarded seems large, it is also fairly obvious that 70
is in itself a low figure.

This reconstruction of the aforesaid averages worked out surprisingly
well, especially when it is considered that conditions of running were
changed for every test, which would not apply to a practical operation.
This Table X shows, therefore, just about what could be expected from
a prolonged run on the ore under the better conditions of the test runs.
It is possible that the copper-lead concentrate is shown a little too high
in grade; but better values were obtained during individual runs, and
in a prolonged run, with time for the intermediate circuit to find a level
grade, the whole operation would likely level out and steady the concen-
trates at a slightly higher grade.
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TABLE

VIII

Tons Product from 100 Tons Feed

c—1f
¥F=C+M+4+T T=F( ) Tonnage
Test c—1 taken
No Product for Remarks
. Copper- | Lead- | Copper- Copper Tead Zine calcula- .
zine zine lead assay assay assay tion
assay assay assay
9 |Talc concentrate....... 18-7 22-8 28-3 2:1 X 5-1 20-0 |Obvious low assay on zinc feed
Lead-copper concen-
trate. .oeieeneiian.. 6-7 6-6 L S O N O 6-5
Zincfeed.............. 74-6 70-6 65:3 1.evevnenaf e 73-5
12 {Talc concentrate....... 0-9 0-9 83-5 16-1 X X 16-1 {Copper assays only used as basis;
Lead-copper concen- copper recovery works out well,
trate..ccieieiianoan 4.5 6-9 -2 T PO AR 4-6 | butlead and zinc very bad
Zinc feed.............. 94-6 94-1 b8 05 D O U 79-3
13 |Tale concentrate....... 4-9 4.8 45-1 22-2 12-0 16-1 5-0
Lead-copper concen-
Tt e et 5-3 6-2 4.9 1... 55
Zine feed. 89.8 89-0 50-0 |.. 89-5
14 |Tale concentrate....... 13-1 14-1 X 10-0 |Disproportion of copper and lead in
Lead-copper concen- copper-lead concentrate probably
trate.... 67 3-8 12-51 4- throws calculation out
Zincfeed.......oou.... 80-2 82-1 X 86-0
15 |Tale concentrate....... 7-9 30-8 231 X 12-6 9-0
Lead- copper concen-
trate. . oo iaieian.. 3-8 4-5 3-8 . 4-0
Zincfeed.............. 68-3 88-0 65-4 87-0
16 |Tale concentrate....... 29-6 29-3 16-3 18-9 X 30-1 29.0 {Copper and zinc recoveries check on
Lead-copper concen- this tonnage, but lead is off 30 per
trate.....oooiiiaiinn. 4.7 3-3 20 A Y PN DO 4-9 | cent
Zinc feed.............. 65-7 67-4 D S O P 66-1
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Tons Product from 100 Tons Feed

TABLE VIII—(Continued)

(Continued)

¢ —f1
F=C-+M-+4T T=F< ) Tonnage
Tés " c—t taken
No Product S Tond p 1folzi'l Remarks
. opper- ead- opper- - calcula~
zinc zine lead i‘;gg;r i‘sizg azs?;‘;, tion
assay assay assay
17 |Talc concentrate....... 14-7 14-4 61-6 23-9 11-6 10-0 14-5 [Lead assay in talc concentrate not
Lead-copper concen- possible. Changed in calculations
trate................. 4-0 4-9 B2 e e 4-5 | to 1-4 per cent,
Zincfeed.............. 81-3 80-7 B5:2 e 81-0
18 |Talc concentrate....... 12-8 12-8 11.5 19-7 15-2 23-0 12-8 [All metals check to 100 per cent at
Lead-copper concen- this tonnage.on this test.
trate................. 4-4 4.1 ded | 4.4
Zinc feed.............. 82-8 831 L7 2 A AN (RN DIt 82-8
22 |Talc concentrate....... 31:3 32-0 X 37-8 37:5 34-9 31:0 |This test does not check well. Zine
Lead-copper concen- recovery close to 100 per cent.
7S 17 - TP, 5-0 3-4 [ 2 P O P 4.5 | Lead and copper badly off.
Zincfeed.............. 63-7 64-6 . S R Y P 64-5
23 |Talc concentrate....... 9-1 8-1 57-1 X X 11-6 9-0 [Zine feed assay for zine obviously
Lead-copper concen- impossible. Changed to 8-4 per
trate......coovuun... 5-3 6-8 4-3 5- cent.
Zincfeed.............. 85-6 85-1 38-6 85-7
24 |Talc concentrate....... 26-1 26-1 226-1 70 20-0 34-2 26-1 |Calculates very well with F = C
Lead-copper concen- + M -+ T. However tonnage of
frate................. 5-2 5-2 5:2 5.2 fale concentrate is probably very
Zincfeed.............. 68-7 68-7 68-7 68-7 | high.

Nore. Figures in heavy type are abnormal, and black X indicates impossible calculation.
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TABLE IX

Assuming that, as shown by earlier tests, on the average grade of the tests, 56 per cent zine concentrate and 0-6 per cent zine tailing
are obtainable:—

Recoveries of Metals in Products on Tonnages taken for Calculation from Table VIII

T c i Lead s Z e
est opper tribution, ea tribution, ine tribution,
No. Product assay per cent assay per cent assay per cent Remarks
9 Talc concentrate........ 0-43 9-5 1.02 10-6 3-62 9-8 Obviously low assay for zinc on zine
Lead-copper concentrate 10-84 | 78-3 28-80 76-8 8-67 7-6 feed is responsible for poor check
Zincfeed....o..ovenn.. . 10-6 to 98-4 0-28 [10-6 to 98-0 7-54 | 75-5 to0 92-9| on zinc recovery.
Zine concentrate .. .ouufearrrenanrifenernieiiifieereniiiead]irieiiiaan 58-0 70-3
Final tailing....cooveei]eereinaraidieninaniiiemiinii el 0-6 5-2
12 [Tale concentrate . 6-6 0-92 7.6 3.42 7-1 Zinc and lead recoveries low.
Lead-copper concentrate 11-60 | 60-6 24-40 58-1 4-42 2-9
Zinc feed....o.vienen.. . -310100-5 -30 |12-3 to 78-0 7-94 181-3 t0 91-3
Zine concentrate.....ooufoieenieiniiiferiineeiiiiri i e 56-0 76-0
Final tailing....ccovviiiieiinaiaiiiforncecnnnaii]orerenenaniieiinenenns 0-6 5-3
13 [Talc concentrate........ . . . 3-0 3-62 2-4 Lead recovery low.
Tead-copper concentrate 11-44 0-6 24.22 72-8 7-23 5.3
Zincfeed...oouvunnann. -18 [20-6 t0102-5 -30 114-7 to 90-5 7-34 | 92-2 t0 99-9
Zinc concentrate . 56-0 85-9
Final tailing.... 0-6 6-3
14 [Talc concentrate........ 4-62 5-7 Lead recovery low.
Lead-copper concentrate 6-25 3-1
Zine feed....... 8-54 | 90-2 to 99-0
Zinc concentrate. 56-0 85-2
Final tailing.... 0-6 5-0
15 |Talc concentrate........ 0-42 4.1 1-07 5.7 4.62 5-1 Lead recovery low.
Lead-copper concentrate 13-68 | 59-5 32-55 77-5 6-23 31
Zincfeed....co.oeuennn. 0-42 |39-7 t0103-3 0-15 | 7-7 t0 90-9 8-54 | 91-3 t0 99-5
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TABLE IX—(Continued)

. Assuming that, as shown by earlier tests, on the average grade of the tests, 56 per cent zinc concentrate and 0-6 per cent zinc tailing
are obtainable:—

Recoveries of Metals in Products on Tonnages taken for Calculation from Table VIII—(Continued)

C ]bms‘ Lead ]bDis‘ Z t: 113311?-
Test opper tribution, ea tribution, ine ribution,
No. Product assay per cent assay per cent assay per cent Remarks
16 |Talc concentrate........ 0-35 1 12-3 1-42 1 25-3 4.12 | 16-7 No good check on recoveries except
ad-copper concentrate 11-62 | 69-4 31-75 | 95-4 9-15 6-3 zinc.
Zincfeed.....covnunn... 0-26 120-9 t0 102-6 0-23 |9-3 to 130-0 8-34 [77-3 10 100-3
Zine COneentTate...ooun oo reneneeeaioerennneaenloncraaieenns|eoaniiaaeins 56-0 73-0
Fimal tailing. ..ooovveveufoeaenoneni oo anen 0-6 4-3
17 |Tale concentrate........ 0-46 8-2 1-40 | 10-5 4-12 77 Lead recovery low. Copper recovery
Lead-copper concentrate, 13-90 | 77-2 28-90 | 67-4 7-04 4.1 ig Zine checks.
Zinefeed....ooovua.. .. 0-23 |23-0 t0 108-4] 0-40 (16-8 to 94-7 8-43 |88-2 to 100-0
Zinc coneentrate.....coeu|eveeieneneieieiiineeiiiiniiiiieier e 56-0 83-0
Final tailing. eveeeevie]oeeennne e e 0-6 5-2
[ 18 |Talc concentrate........ 0-35 5-3 1-32 8-9 4-02 6-6 Good check on all recoveries.
» Lead-copper concentrate 13-82 2-4 31-15 | 72-9 5-58 3-2
: Zinc feed......oen..... 0-23 |22-6 to100-3 0-43 {18-9t0100-7 8-43 190-2 t0 100-0
Zine coneentrate....cooleeeeienerniifeariniiiiniiiiiiiiiiiadeeniiii 56-0 84.7
Final tailing.....ooveeefeeemeeneneni]eeeenreinaiorereneia et 0-6 5-5
22 |Talc concentrate........ 042 | 156 1-53 | 26-6 4.42 | 18-1 Very poor check on copper and lead.
Lead-copper concentrate 11-04 | 59-8 31-15 -7 6-94 4.3
Zincfeed......cvvennnn. 0-23 {17-8t093-2 0-38 |13-7 t0 119-0 9-15 |76-2 10 98-6
Zine ConeentTate..veeunsoreeeeearensfonranesornnefooraacaneaea|roninriananns 56-0 [.o.viiaina..
Final tailing. ...coooeeeifieeeraennnfernianeneneifiecnanrnee]eiiiannans 06 {oevevieannn.
23  |Talc concentrate........ 0-48 4.1 1.53 6-9 4.95 5-6 Probably large amount of lead tied
Lead-copper concentrate 16-46 | 83-1 21-50 -5 6-36 4.2 up in middling.
Zincfeed............... 0-16 |13-0 t0100-2 0-45 |19-5 to 83-9 8-40 [90-2 to0 100-
Zine concentrate. ... feeerienareiiferieiiieiiafereiiiiiaiiifeereiiaiaaas 56-0 84-8
Final tailing. .oooeeneon e cnnaoaeees]erenaionaeae]vrmnerniaei]ecnnnesonann 0-6 5-4
24  |Talc concentrate........ 0-45 | 12-0 1.45 | 18-4 4-54 ( 16-3
Lead-copper concentrate 12-98 | 70-0 26-10 | 66-2 7.48 5-3
Zincfeed .............. . 0-45 {15-1 t0 99-7 8-28 178-3t099-9
Zinc concentrate. 56-0 73-5
Final taillng...... 0-6 4.8
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TABLE X
Reconstructed Assays and Recoveries by Averages
(Abnormal Highs and Lows Discarded)
Averages on Runs Caleulaled (i.e., 9, 12, 13, 14, 15, 16, 17, 18, 22, 23, 24) ’

Copper, |Recovery,| Lead, [Recovery,| Zine, [Recovery,

Product Tons per cen(’; per cent | per cent | per cent | per cent | per cent'

Average feed.......... 100 0.87 100 1-90 100 7-58 100

Talc concentrate...... 11-1 038 4-8 1.22 7-1 3-95 5-8
Lead-copper concen-

trate..............0 4.3 14.93 73-8 35-52 80-4 3-70 21

Zincfeed............. 84-6 0-22 21-4 0-28 12.5 8-25 92.1

From preliminary tests: zinc concentrate=>56 per cent; zine tailing=0-6 per eent.

(c—f) 846 (56—8-25)

Therefore T = F = 7291 tons
(c—t) (56 — 0-6)
Zing feed 846 tons at  8-25 per cent zine Per cent reecovery of feed
Zine concentrate 11-69 tons at 66 per cent zinc 86-4
Zing tailing 72.91 tong at 0-6 per cent zinc 5.7
84-60 92-1

APPENDIX TO TABLE X
Lead-Copper Separation

T'ons (;)eorpg:;é Recovery p;eggﬂt Recovery
Lead-copper concentrate feed.. ... 4.3 14-93 . 73-8 35.52 80-4
Lead concentrate............. 2-4 3-8 10+5 60-8 769
Copper concentrate.....,..... 1.9 28-9 ) 633 36 35
738 80-4

(Presumably in this separation 3-5 per cent of lead is lost economically and, depending on ore
contract, probably 13 per cent of copper in the lead concentrate. The grade of these concentrates
is high.and owing to attachments it is possible that difficulty would appear in practice in obtainin
them. Aeccording to contract terms it may not matter as to the quantity of copper in the lea
concentrate, but probably any lead in the copper concentrate will be lost economically. Therefore,
in practice, and according to terms of the ore contracts, it may be more practicable and easier to
make a lower grade lead coneentrate with higher copper percentage, and as long as the lead in the
copper concentrate can be kept low, there is no increase in economic loss.)

Separation of Copper and Lead from the Bullk Concenirate. In Runs
Nos. 21, 22, 23, and 24, the copper-lead bulk concentrate was pumped
to a conditioning tank where approximately 12 to 15 minutes’ conditioning
was given to it with the equivalent of 0-1 pound of cyanide per ton of
ore, or approximately 2-0 pounds per ton of copper-lead concentrate.
No other reagent was added except a very small quantity of cresylic acid,
sufficient only to maintain a proper amount of froth. These were the
conditions arrived at in Runs Nos. 23 and 24.

Table XI gives the results of these tests, but special attention is direc-
ted to results of Runs Nos. 23 and 24.



Results of Copper-Lead Separation

TABLE XI

Bulk concentrate

Lead concentrate

Copper concentrate

Test No. | “opper, Lead, | Golg, | sitver, ot Copper, | Lead, | Goud, | Silver, et Copper,| Lead, | Gold, | Silyer, =
cent cent | 0% /ton | oz/ton ngggi%s cent cont | OZ /ton | oz/ton tiggil cent cont | 9% /ton | oz/ton ci;cl))ti)aér

21 15-0 30-75 0-40 | 34-6 100-0 7-54 51-0 0-35 | 57-4 83-9 18-4 | 10-0 0-44 8-6 84-3

22 11-04 | 31-15 0-40 | 29-12 100-0 3-8 46-1 0-42 | 42.84 95-0 19-56( 4-4 0-26 4-64 81-3

23 16-46 | 21-5 0-45 | 34-36 100-0 | 10-06 4.0 0-22 | 65-4 93-5 21-8 2-55 0-46 9-46 72-20

24 12-98 | 26-1 0-36 | 30-26 100-0 8-96 48-5 0-46 | 64-44 95-9 20-5 2-20 0-13 3-9 55-11
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This table shows that under the conditions obtained in Runs Nos.
23 and 24, 5.3 per cent of the lead in the bulk concentrate would be lost
in the copper concentrate. This recovery should be improved in practice.
The recovery of the copper in the copper concentrate is not particularly
good, but this may not matter as, depending on smelter contract terms,
the copper in the lead concentrate will have a value, but any lead in the
copper concentrate must be considered as lost. The economics of this
separation rest entirely on smelter contracts and the cost of handling
the separate products.

Recovery of Gold and Silver. Table XII has been compiled showing
these results.

TABLE XII
Gold and Silver Recovery
Lead and copper
Teed concentrate
~Test No
Gold, oz. | Silver, oz. | Gold, oz. | Silver, oz.
0.37 2910
0-50 33-16
0-33 30.08
0-35 31.78
0-44 3626
0-38 3054
0-42 32.58
0-46 34.74
0-40 29+12
0-45 34-36
0-36 3026
0-038 246 ...l
0-038 oz. gold and 2-46 oz. silver per ton
Totalivvererrirneenenniiniaiennn, 41.8 oz. gold and 2706 oz. silver
Total, oz.
Tons of !
Test No. concentrate Gold Silver
65 2:405 189150
4.6 2-300 152536
5.6 1.815 165-940
4.0 1.400 127120
4.0 1-760 145.040
4.9 1-862 149146
4.5 1-890 146610
4.4 2024 152856
4.5 1-800 131-040
5.3 24385 182108
52 1.872 157352
............ 21.513 1,698-808
Recovery Gold Silver
Average of 11 tests......ovvenniiiininniiian, 51-5 per cent 62-8 per cent

Nortes:

1. Irfldivi.ilua,l tests range as high as 5 per cent over these figures for gold and 15 per cent higher
or silver.

2, The gold and silver in hypothetical lead-copper concentrate carrying 40 per cent lead and
13 per cent copper was given a recovery of 588 per cent gold and 72-4 per cent silver.

3. Practical operation of the Stirling mill should give higher recoveries than those indicated
in the average of above tests.

4. Owing to the fact that the gold and silver are not stable with either the lead or copper con-
tent of the ore, it is difficult to agsume values to correspond with the copper and lead content
of concentrate in Table X, and hence calculate an agsumed recovery.
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GENERAL DISCUSSION ON TEST WORK

Results show that, although concentration is far from easy and that
the control of the operation requires more than usual care and skill, there
is no reason why the improved recoveries made in the test w01k will not
be obtained in practice.

The work was carried out under conditions approaching those of
large-scale mill operations. All operations were continuous, with the return
middling circuits all closed so that there was no question where and how
such middling would report. Small-scale batch testing on this ore is guess-
work when it becomes necessary t0 decide in what product the middling
will report or in what manner it will affect the grade of the products after
a circuit has become built up. No machine was cleaned out and no
cell dumped during the testing of the entire two carloads of ore, and the
building up in any of the secondary circuits was, therefore, undisturbed.

The work has proved that the talc can be removed at any point
in the grinding circuit found convenient to put flotation cells, and that
fine grinding is required to free the sulphides from each other.

A microscopic examination of mill products selected from certain
runs was made in order to throw morve light on the degree of attachment
of the sulphide minerals. The results of this study are tabulated in Tables
XIIT to XXII.

Tables XIII and XIV show the degree of combination in a concen-
trate of the lead and copper. The concentrate used in this study was
taken from Run No. 4 and represents a product that was cleaned only
once. The chemical analysis is given under Table XIV. The microscopic
study shows that 54-4 per cent of the sulphides is free and 45-6 per cent
combined; and from Table XIV it can be seen that 46-7 per cent of the
galena is combined with other sulphides, 19-3 per cent being combined
with the sphalerite and 7 per cent with the pyrite. The remaining 20-4
per cent is combined with the chalcopyrite and tetrahedrite, which fact
1s of no importance as these minerals are required in the product when a
bulk concentrate is produced.

In Tables XV and XVI, and Tables XVII and XVIII, the results of a
study of two middling products are given. The middling shown in Tables
XVII and XVIII has been reground and represents the middling from
Run No. 24, and in Table XXII a microscopic screen analysis also shows
the degree of grinding. This reground middling is compared with a middling
obtained under similar circumstances hut not reground and is represented
in Tables XV and XVI, and Table XXI gives the microscopic screern
analysis. Comparing the screen analyses of the two products, the unground
middling is 35 per cent plus 325 mesh, whereas the reground middling
is 7.7 lge& cent plus 325 mesh, and the reduction in the finer graing is
as marke

The unground middling is shown to contain 48-5 per cent of the
sulphides free and the remaining 515 per cent, still combined with each
other. In the reground middling the amount of combined sulphides
has been reduced to 22-4 per cent, that is, it contains 77-6 per cent free
as compared with only 485 per cent. The most important combinations
in this product from a practical point of view are those of the galena and
copper with the sphalerite, pyrite, and gangue. The proportion combined



TABLE XIII
Microscopic Analysis of Copper-Lead Concentrate, Run No. 4; Stirling Ore

Percentage by Volume

Pyrite Chalcopyrite Sphalerite Galena Tetrahedrite Total
Mesh Total
Com- Com- Com- Com- Com- Com-
Free | pined | T | bined | TT® | bined | ¢ | Bined | FT®® | bined | F¥° | bined
42000000t 1-1 b2 A A O PR P AN PO, 1.1 2:2 3-3
=200 +325...... 00t 31 6-1 0-6 T 2 PO 1.3 (1R PR DAY P 4.4 8.7 13-1
=325 +560........0000inn. 5-0 3-4 2-1 3-4 0-6 3-4 1-4 1-1 1.5 0-5 10-6 11-8 22-4
—560 +1100...........ccunnn. 4-0 1-2 2-5 3-9 0-7 3-9 1-2 1.2 1.2 0-3 9:6 10-5 20-1
—1100-41600......covvunannn... 2-6 1-0 3-8 2-3 15 2.3 1.7 1-8 1-6 0-2 11-2 7-6 18-8
—1600-+2300........ciiienunn.. 1-4 0-3 3-3 1.2 2.1 1.1 2-1 0-9 0-7 0-1 9-6 3-5 13-1
2300t i 0-9 0-1 3-7 0-3 1-0 0-3 1-1 0-6 1-2 ... 79 1.3 9-2
Total.eveerreenininnnn. 18-1 14-3 16-0 12-3 5-9 12-3 8-2 56 6-21 1-1 54-4 45-6 100-0
32-4 28-3 18-2 13-8 7-3 100-0
TABLE X1V
Degree of Combination of the Metallic Minerals in Copper-Lead Concentrate, Run No. 4, Stirling Ore
Com- Com-
Com- A Com- Com- A Total
i bined bined bined bined bined Total,
Minerals - with s - with
with chaleo- with with totra- Com- per cent
pyrite pytite sphalerite galena bedrite bined Free
i 572 i1 YRR RO 6-9 16-4 209 [............ 44.2 55-8 100-0
Chalcopyrite......covieiviiaeiaaaa.. 1 I 26-3 18-2 2-5 48-0 52-0 100-0
Sphalerite. ..o oiiien i, 6-0 185 |.vevennnnn.. 27-9 15-0 67-4 32-6 100-0
Galens. oot et 7-0 17-4 19-3 |.ovvnennnn.. 3-0 46-7 53-3 100-0
Tetrabedrite.....ocvivniiiniiniieii i it 0-1 7-2 T8 |eevernnnnns. 15-1 84-9 100-0

Chemical Analysis
Copper, 9-34 per cent; Lead, 19-10 per cent; Zinc, 9-86 per cent; Insoluble, 4-08 per cent

10T



TABLE XV

Microscopic Analysis of Lead-Copper Middling, Run No. 9, St&ling Ore
Percentage by Volume

Pyrite Chalcopyrite Sphalerite Galena Tetrahedrite Gangue . Total
Mesh Total
Com- Com- Com- Com- Com- Com- Com-
Free | pied | Fr® | bined | ¥7°° | bined | F7°€ | Bined | T | bined | Y7 | bined | ¥ | bined
150, el 0-9 1-6 0-9 1-6 2-5
—150 --200... 0-5 0-5]........ 05 [........ 1 1-8 1-7 2-3 4-1 6-4
—200 +4-325... 4-6 6-11........ 0-9 (.. ....... 5 1-4 2-4 6-3 14.7 21-0
—325 4-560... 7-1 3-4 0-9 1-6 1-1 4. 1-4 1-2 11-6 12-3 23-9
—560 +1100.. 6-3 1-6 1-5 1-4 3-2 4. 1-3 0-3 13-7 9-8 23-5
—1100--1600.. 2-3 0-6 0-7 0-6 1.8 1- 0-5 0-2 5-7 3-6 9-3
—1600--2300.. 1-5 0-1 1-6 0-9 1.7 1 0-1 0-2 5-3 3-9 9.2
—2300........ 0-4(........ 0-9 0-2 0-9 07 0-5] 06 f.coceeiifeveinnealiennanii]oennnnn 2.7 1-5 4.2
22-7 12-3 5-6 6-1 8-7 19- 7-4 7-6 48-5 51-5 100-0
Total....
35-0 11-7 28-4 15-0 100-0
TABLE XVI
Degree of Combination of the Minerals in Lead-Copper Middling, Run No. 9, Stirling Ore
Com- E&nﬁ- Com- Com- giim(i' gi(;lmd- Total
: bined ne bined bined as ne Total,
Minerals with with with with with with per Cont
pyrite | ebil | spbalerite | galena | yefE | EWEe | Domy Free
Pyrite....._ ................................ 4-9 -22-9 55 feeiienannnn. 2-1 35-4 64-6 100-0
Chalcopyrite..ee.oveveenennnn.. 25 [einiinnnn. 32-8 7-1 0-6 8-6 51-6 48-4 100-0
Sphalerite. . .. 12-3 12-4 |l 41-5 0-2 3-0 69-4 30-6 100-0
Galena...... .. 6-6 5-7 42-9 |.......... 0-6 6-3 62-1 37-9 100-0
Tetrahedrite.....coveeveenii oo, 13-3 3-3 b1t R A S N 36-7 63-3 100-0
Gangue........ .. 16-9 11-4 10-9 114§ e 50-6 49.4 100-0

c0t




TABLE XVII

Microscopic Analysis of Lead-Copper Middling, Run No. 24, Sﬁrling Ore, Reground
Percentage by Volume

Pyrite Chalcopyrite Sphalerite Galena Tetrahedrite Gangue Total
Mesh Total
Com- Com- Com- Com- Com- Com- Com-
Free | bined | ¥ | Pined | T | Fined | ¥ | Bined | F™® | Dined | F™° | bined | "™ | bined
4-325... 1.4 0-7 (02 2 R I R e 05 {........ 1.8 0-5 4.2 1-2 5-4
—325 -+-560... 3.7 1-6 0-8 0-4 0-5 1-0 08 |........ 08 f..c..... 1-3 1-2 7-9 4.2 12-1
—560 --1100.. 10-0 2-2 2-0 1-2 6-5 4.6 4.2 10 |oeeennnn 0-4 1.3 1.1 24-0 10-5 34.5
—1100--1600.. 4.9 0-6 2-5 0-2 4-3 1-4 1-2 0-3 0-3 {ceveenns 0-7 |..c..... 13-9 2-5 16-4
—1600-4-2300.. 5-1 0-2 4.2 0-5 5-8 1-2 2.0 0-4 0-5 [ceeeiiii]oennnnen 0-1 17-6 2-4 20-0
—2300........ 2.1 (. oouien 2-2 0-4 3-4 0-4 1-5 0-8 0-1]........ 07 |...oi. 10-0 1-6 11-6
Total 27-2 5-3 12-2 2.7 20-5 8-6 9.7 2-5 2-2 0-4 5-8 2-9 776 22-4 100-0
'otal....
32-5 14.9 29-1 12-2 2-6 8-7 100-0
TABLE XVIII
Degree of Combination of the Minerals in Lead-Copper Middling, Run No. 24, Stirling Ore, Reground
Com- Com-
Com- p Com- Com- A Com- Total
Minezsl bined | Bined bined bined bined bined Total,
erals with chaleo- with_ with fotron with Com- per cent
pyrite Pyrite sphalerite galena hedrite gangue bined Free
PYTibe. v enerneenaeneananns 1-9 163 83.7 100-0
Chaléopyrite.seveiieiennnneed 26 [iiiiiil.., 18-4 81-6 100-0
Sphalerite. 5-8 29.4 70-6 100-0
Galena...... 2-4 20-2 79-8 100-0
Tetrahedrite...coovirveenneindieenaeaia i 16-7 83-3 100-0
GangUe. .oeeveerneerananann 2-2 33.7 66-3 100-0
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TABLE XIX

Microscopic Analysis of Tailing, Run No. 24, Stirling Ore

Percentage by Volume

Pyrite +| Chalcopyrite Sphalerite Galena Tetrahedrite Gangue Total
Mesh Total
Com- Com- Com- Com- Com- Com- n Com-
Free | pined | ¥ | Pined | Ffe® | pined | ¥r® | bined | F°® | bined | T7°¢ | bined | T™° | bined
—+100... 1-6f........ 16 {........ 1-6
—100 +150... 2-8 2-7 2-8 2-7 5-5
—150 4200... 14-2 5-0 14-2 5-0 19-2
-—200 +325... 12-9 6-6 14-5 9-1 23-6
—325 +560... 11-5 2-5 15-6 4-9 20-5
—560 4-1100.. 4.7 0-9 82 4-5 12-7
~1100--1600.. 2-7 0-3 5-5 2.7 8-2
—16004-2300.. 1.9 0-2 3-7 1-8 5-5
—2300........ 0-2 0-1 2-3 0-9 3-2
Total 51-7 18-3 68-4 31-6 100-0
otal..
70-0 100-C
TABLEZXX
Degree of Combination of the Minerals in Tailing, Run No. 24, Stirling Ore
Com- ggl I;-i. Com- Com- g&m& Com- Total
Minerals bined with bined bined with bined Total,
with chaleo- with with tetra- with Com- per cent
pyrite pyTite sphalerite galena hedrite gangue bined Free
Pyrite...comeiiiiiii 2:0 [ A N 5-2 16-4 83-6 100-0
Chalcopyrite......cveneeran... 2:8 et -7 2 I R 19-4 69-4 30-6 100-0
Sphalerite..................... 4.0 10-4]............ 15:9 | .oivneninnn 31-8 62-1 37-9 100-0
Galena...........ooveenin oo 45-8 | 50-0 95-8 4.2 100-0
Tetrahedrite. .oovverereeeninerdeeneneaenreelierereneeeefeneeeeneeeeidooenenneseeideressonnacaseoreecaraneloesasanaenns 100-0 100-0
Gangue.....ccvveriannnneonn.. 3-3 3-8 13-3 S 2 PO PO, 26-2 73-8 100-0

F0T
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with the gangue is not serious, but in the unground middling 429 per
cent of the galena is combined with the sphalerite, as shownin Table X VI,
This has been reduced to 16-2 per cent by regrinding the middling, shown
in Table XVIII. The amount of chalcopyrite combined in the unground
middling is 51-6 per cent, which is reduced to 18-4 per cent by regrinding.
The greater part of this chalcopyrite is combined with the sphalerite.

From this analysis it becomes evident that the chief disturbing element
will be zine, and if the zine be forced out of the product it will carry with
it both chalcopyrite and galena and cause high losses owing to attach-
ments. Iine grinding is therefore essential in order to free the chalcopyrite
and galena from the sphalerite, otherwise it will be impossible to obtain
a high-grade copper-lead concentrate without high loss of both minerals.

Tables XIX and XX show the results of a similar study made on
the tailing from the copper-lead flotation obtained from Run No. 24.
This examination showed that 95-8 per cent of the galena in this tailing
was attached, only 4-2 per cent being free. About 50 per cent was com-
bined with gangue and 45-8 per cent with sphalerite. In the case of the
chalcopyrite, 30-6 per cent was free, and of the 69-4 per cent that was
combined, 472 per cent was combined with the sphalerite.

This microscopic study of the mill products has brought out clearly
that it is necessary to grind the sulphides very fine.

The grinding during the test work was slightly coarser than 80 per
cent through 200 mesh. This was about the best that could be done
and still maintain a density that would allow efficient flotation; a bowl
classifier was not available. It might have been possible to grind the
sulphides finer and still maintain a suitable density in a bowl overflow
had one been used. Decidedly the best practice, however, would be to
regrind the middling, or possibly a concentrate from the copper-lead
flotation, rather than to endeavour to grind too fine in the main grinding
cireuit. )

Whether a middling or a concentrate should be reground is still
an open question. In the test runs the regrinding of the middling was
favoured, because on a small laboratory scale it was found easier to control
than the operation of regrinding and re-floating a concentrate. This
feature is referred to under the description of Runs Nos. 10 to 13, which
were made on reground concentrate, and under Runs Nos. 14 to 24, made
on reground middling.

Air Conditioning. Owing to the sensitivity of the chalcopyrite to
cyanide and to the tendency of a proportion of the pyrite to be difficult
to depress, air was used in the conditioning tank preceding the flotation
of the copper-lead concentrate. In the last three tests a Pachuca tank
was used. The action of this extra air conditioning was beneficial to the
copper flotation by increasing the flotability of the chalcopyrite.

The use of air conditioning may not be essential on freshly mined
ore, but there is no doubt that it would prove beneficial. The cost under
normal conditions should not exceed one cent per ton.
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TABLE XXI
Microscopic Analysis of Grain Size of Lead-Copper Middling, Run No. 9, Stirling
Ore
Mesh Per cent

— 654 100......... L S N 2-1
— 1004~ 150....... . 3.7
= 1504 200...ciiiiiiiiiiie e oo usraasaressbsenootactsisiatarrasattasnaes 72
Bl D S 22:0
= 825 B00. .ttt i e e e e et 20-2
B o (1 23:9
S 3 o L S 7:6
10002300, e et e e et a e ten ey 7:3
B L S 6.0

B3 ) S S 100-0

TABLE XXII

Microscopic Analysis of Grain Size of Lead-Copper Middling (Reground), Run

No. 24, Stirling Ore

Mesh Per cent

B L 1.3
2L 7 T PO, 6-4
S i eeteterear et 17-0
B o U 1 26-2
B 8 1 13-2
B (o 16-2
LS 187

B N 100-0
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Ore Dressing and Metallurgical Investigation No. 566

COPPER-NICKEL ORE FROM THE CUNIPTAU MINES, GOWARD, ONTARIO

Shipment. A shipment of 30,028 pounds of ore was received on
January 10, 1934. It was submitted by the Cuniptau Mines Development
Company, Limited, 465 Bay Street, Toronto, and the experimental tests
were arranged for by E. P. Muntz, Vice-President.

Characteristics of the Ore. 'This shipment was submitted as representing
a disseminated type of ore. The metallic sulphides are disseminated
throughout a medium-~ to fine-grained, greenish grey to black serpentine
rock. Numerous fibrous needles of the silicate penetrate the small
sulphide masses.

The metallic minerals identified in the present sample are magnetite,
pyrrhotite, chalcopyrite, and pentlandite. All are intimately associated,
and occur in mutual intergrowths forming small masses disseminated
rather evenly through the gangue. Pentlandite is present in considerable
amount and occurs chiefly in pyrrhotite and chalcopyrite, with which
minerals it is intimately intergrown. Minor amounts of magnetite,
pyrrhotite, and chalcopyrite occur as small irregular or elongated grains
and stringers in the gangue.

Sampling and Analysis. The whole shipment was sampled, and the
sample was found to contain the following:—

CopPer..c.ivvieennrnes 1-12 per cent. (€75) [« H N 0-01 oz/ton
Arsenic........covuiess Nil Silver...ooeveviereernnss 0-18
Sulphur..........00v0e 5-62 per cent Platinum and

Nickel...oovvvvinunnnn 1.02 palladium ............ 0-13
Iron......coovevviiens 16.74 “

ExpERIMENTAL TEsTS

A series of large-scale continuous flotation tests was made, the object
being to concentrate the ore by flotation to obtain a product containing
a higher percentage of copper and nickel. A previous shipment of ore
from this property had concentrated without any particular difficulty.
It consisted of a sample of high-grade massive sulphide ore, differing
from this later shipment in that it contained very little or none of the
serpentine rock.

A serious difficulty was encountered immediately on attempting
to concentrate the present sample by flotation. On crushing the ore,
the serpentine gangue yielded a product of a “talcy’’ nature that floated
with the sulphides and prevented a high-grade concentrate being made.
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A separate set of flotation machines was used in the flow-sheet in
order to float away this talcy material before the flotation of the copper
and nickel was attempted. This has been accomplished successfully-
on a number of ores containing a talcy gangue, but in this case practically
the whole of the gangue when ground in the ball mill was converted into
material of a talcy nature that tended to float.

After numerous attempts to remove this troublesome material, it was
decided to try the use of a colloid, such as glue, which would disperse the
talcy gangue material and tend to keep it from floating with the copper
and nickel. The glue was found to be very effective, but it was still neces-
sary to float off a part of the talcy material before floating the copper and
nickel. When this was first done the addition of a solution of glue to
the flotation cells prevented the rest of the talcy material from floating
with the bulk concentrate of copper and nickel. The amount of glue
used was about one-half pound per ton of ore.

Flow-Sheet. During the first four tests, the ore was fed at the rate
of 500 pounds per hour, and during the remaining four tests at 300 pounds
per hour. The ore was fed to a small 30 inch by 36 inch ball mill in closed
circuit with a small Dorr classifier. The overflow of the Dorr went to a
conditioning tank where pine oil was added for the flotation of the tale
product. The talc was floated in a 10-cell mechanical flotation machine.
The tailing from the talc flotation cells was pumped to a conditioning
tank and the glue solution and the flotation reagents for the copper-nickel
float were added. (The reagents used for the copper-nickel float were
amy! xanthate and pine oil.) Then into a second 10-cell flotation machine,
where the copper-nickel concentrate was floated. The feed entered
the second cell, Nos. 2 and 3 cells making a concentrate, which was re-
cleaned in Cell No. 1. Cells Nos. 4 to 10, inclusive, made a rougher con-
centrate, which was returned to Cell No. 2 with the feed from the con-
ditioning tank.

Results. It is unnecessary to give in detail the results of the eight
individual runs made. Runs Nos. 3 and 4 only will be given, as they
represent the best results obtained.

Run No. 8

TFeed rate—500 pounds per hour.
Total amount of feed—approximately 3,500 pounds.

Reagents Used:
Talc Float:

Pine oil added to conditioner and to Cells Nos. 8, 5, 7, and 9. Total
amount equivalent to 0-10 pound per ton.

Copper-Nickel Float:

[T 0-5 lb/ton of original ore
Amylxanthate...ooiiiieiiiiiiiriiniiiinreeaseannis. 025 “ “
Copper Sulphate. .vveieireiiiieiveneneerereneonans 0.4 “ “

Pine oiliviiisiieiiiiiiiiiiiiiiiiieniiiinnieraneanns None
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Screen Test of Feed to Flotation:

Mesh Weight,
per cent
R 1 0.7
B 13 w0 L1 5.0
B L1 ) 8:5
B 11 1 17-0
200, s vt e e et e h e e e e e e e e e st e e s e s e re e ey 68-8
B ) 100-0
Results of Test:
Analysis Distribution
Propor- ' ’
Product tion al per cent per cent
weight Copper ] Nickel | Copper | Nickel
YT 100-0 1-15 0-91 100-0 100-0
Tale float..ooveervrnirieniniiniiisnienes 35-50 0-64 0-41 19-75 16-0
Copper-nickel concentrate................ 15-76 5.14 4-05 7050 70-1
TFlotation tailing....c.ovvvirvnnnnivrnnnins 4874 0-23 0-26 9:75 139

Total ratio of concentration: 1: 6-45,

Explanation of Table. These tables of results show that the ore was
ground to 68-8 per cent through a 200-mesh screen; and that out of 100
tons of ore 35-5 tons of talcy material would be floated, 15-76 tons of
copper-nickel concentrate leaving 48-74 tons as flotation tailing. The
tale concentrate must also be considered a tailing, giving & loss of 19-75 per
cent of the copper and 16 per cent of the nickel in the tale product, plus
9.75 per cent of the copper and 13-9 per cent of the nickel in the flotation
tailing. This makes a total loss of 29-5 per cent of the copper and 29-9
per cent of the nickel, leaving a recovery of 70-50 per cent of the copper
and 70-1 per cent of the nickel in the copper-nickel concentrate.

Run No. 4
The feed rate, grinding, and reagents were the same as for Run. No. 3.
Results:
_ Analysis, Distribution
Prodaet Pt | poroent por ot
weight Copper l Nickel | Copper § Nickel

Teed.............. 100-0 0-96 0-88 100-0 100-0
Talo float.....oovvrinnn.. 456 0-41 0-39 195 203
Copper-nickel concentrate 12-8 5:26 4-42 70-1 645
Flotation tailing............ cerense 41-6 <24 0-32 10-4 15-2

Total ratio of concentration: 1:7:82.
84712—8
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Analysis of Copper-Nickel Concentrate:

(070317113 N 5-26 per cent Gold..oovviivniiinnnns 0:04 oz/ton
) 29-45 « Platinum and
(51110 R 16-81 palladium....oveieenns 0-36 ¢
Nickel.oovirereasenens 4.42 «
Sulpliur....covveeniens 18-56 ¢

CONCLUSIONS

This disseminated ore is difficult to concentrate; it is too fine-grained
to use gravity concentration, and the only remaining method is flotation.
The results shown in this test work would undoubtedly be improved in
actual milling operations as experience is gained.
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Ore Dressing and Metallurgical Investigation No. 567

GOLD ORE FROM THE ARNTFIELD GOLD MINES, LIMITED, ARNTFIELD,
QUEBEC

Shipment. A carload shipment of 19,547 pounds of ore was received
January 12, 1934. It was made by the Arntfield Gold Mines, Limited,
159 Bay Street, Toronto, from its property at Arntfield, Quebec.

Sampling and Analysis. The entire shipment was crushed to § inch
and a tenth cut for a sample by means of a Vezin automatic sampler.
This tenth was then reduced by stage crushing and dividing in a Jones
sampler until the final sample for the assay laboratory was obtained.
This sample was found to assay:—

(€7 R 0075 oz/ton

Characteristics of Ore:

Twelve polished sections were made from selected specimens of the
ore and examined microscopically to determine the metallic minerals
and their mode of occurrence.

The gangue minerals were not identified, but in general the gangue
consists of fine-textured, dense silicates which show considerable range
in colour, imparting a mottled appearance.

The metallic minerals in the sections examined are: pyrite, magnetite,
chalcopyrite, and pyrrhotite. Pyrite and magnetite are comparatively

abundant; chalcopyrite and pyrrhotite are present in extremely small

amounts.

Pyrite occurs as disseminated poorly-formed cubes and irregular

grains which in some places are present in sufficient quantity to form
granular masses of the mineral. It contains small inclusions of gangue,
chalcopyrite, and pyrrhotite.

Magnetite occurs as small disseminated grains; locally it is abundant
ag very fine disseminations which give to the ore a dull black appearance.

Chalcopyrite occurs as tiny irregular grains in pyrite, and more
rarely in the gangue.
Pyrrhotite is exceedingly rare as small grains within pyrite.

Grain Size of the Pyrite. A quantitative microscopic analysis was
carried out on the twelve sections for the purpose of determining the
grain size of the pyrite. The result is shown on page 112:—

. 847128}
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Grain Size of the Pyrite:

Accumu-
Mesh Per cent lative

per cent
3-6 3-6
7-8 11-4
8:0 19-4
9.9 29-3
16-2 45.5
12-4 57-9
83 66-2
7-8 74-0
8:0 82:0
6:4 88-4
5.7 041
B 771 73 5.9 100.0

B 7 100-0

Purpose of Experimental Tests. The following metallurgical tests
were made to obtain metallurgical data on the proper method of milling
the ore for the recovery of the gold.

EXPERIMENTAL TESTS

The experimental work included the following methods of freatment:
1. Amalgamation, and flotation of the amalgamation tailing.
2. Trapping of the coarse gold, and flotation of the trap tailing.
3. Straight cyanidation of the ore.
. g Cyanidation of the flotation concentrate obtained from methods
and 2. :

AMALGAMATION AND FLOTATION

Test No. 1

The ore, crushed to % inch, was fed to a 32-inch (diameter) by 36-
inch ball mill, containing a charge of 2,000 pounds of assorted ball sizes,
at the rate of 650 pounds per hour. The ball mill discharge passed over
an amalgamation plate, which discharged into a Dorr classifier. The
classifier sands returned to the ball mill and the overflow went to a 10-cell
flotation machine, which produced concentrate and tailing,

Results:

Distribution
Assays
Run No. Product gold, ' pgf, %g‘lg,
oz/ton of total
1 Feed..oovieiiniensnneninns cees ces 0-075 1000
Amalgamation tailing, . cees 0:045 40.0
Teed to flotation....., ceen 0045 600
Flotation coneentrate. .oovvieeiiiernierreerenvereeneeninee. 0.90 47.2 87.2
« 7 1T 0-01 12.8

Ratio of concentration...coviiviseirciiinietiniinneroiennes wresen 25.5: 1
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Results:
Assays Distribution
Run No. . Product gold, ’ p‘:}frgc(ggg
oz/ton of total
2 TG 0-075 100-0
Amalgamation tailing e 0-04 46.7
Feed to flotation.......coevveviineiniiiiieiienniarennnn., 0-04 53-3
Flotation concentrate.. ...vovviriiireereninrniecrenennnnns 0-79 40-5 87.2
“ tailing........ e r e eeeue ettt e 0.01 12-8
Ratio of coneentration.....vvivvesusiiirieiiiiiierisiiirneierieeernioneins 26:1
Distribution
Assays,
Run No, Product gold, gérggéﬁé
oz/ton of total
3 Teed...ooovivenn.. et e PN N 0-075 100-0
Amalgamation tailing,........ PPN Cerereaes Ceeenaes 0-04 46-7
Teed to flotation............o0vvnnes P 0-04 53+3
Flotation coneentrate.....voovvivierreerreririecerisecnnss 0-91 40-9 87-8
“ 1751511V N 0-01 12-
Ratio of coneentration....ooovuivieuieiireereririerrraeenerassironeosan, 3031
Screen Tests on Flotation Tailing:
Run No. 1, | Run No. 2, {Run No. 3,
Mesh weight, weight, weight,
per cent, per cent per cent
4 65......0.. e e e teeeea st eeara ey ? ? ?
— 654-100.......... Ceeeaeteresieenes 5.0 7.3 576
—1004150. 0 0neenevneaiiienennnnennes . PP 11-0 12.2 13.90
—1504-200..... Creeeeeraaresenaianen 13-4 14.5 15.50
—200...00000i0ninn et te s e et eee et et et ateeratstbtansaes 706 66:0 64.85-
B - R 100-0 100-0 100-0

From the results of three runs made in this test, it will be observed
that about 46 per cent of the gold can be recovered by amalgamation
when using this flow-sheet and that 76 per cent of the remaining gold
can be recovered in a flotation concentrate assaying about 0-90 ounce
per ton, which gives a ratio of concentration of one ton of concentrate
for approximately every 26 to 30 tons of erude ore. The total recovery
by amalgamation and by flotation is 87-3 per cent.

The flotation concentrate is not a suitable produet to ship to a smelter,
so it is necessary to determine whether the gold in this product can be
extracted and recovered by cyanidation, before concentration by flotation
can be considered as a possible method of treatment.
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GOLD TRAPS AND FLOTATION

Test No. 2

The ore, crushed to % inch, was fed to the ball mill as in the previous
run, but instead of the ball mill discharge passing over an amalgamation
plate a hydraulic trap was placed at the discharge end of the mill. The
overflow of the trap then went to the Dorr classifier, which operated
as before in closed circuit with the ball mill.

Results:
Assays Distribution
Run No. Product gold, géfgéﬁ{;
oz/ton of total
1 YT 0-075 100-0
Trap tallng. ..ot e e e s 0-045 40-0
Feed to flotation......ocovviviiiiiiiiiiiiiiiiiiiinennanss 0-045 60-0
Flotation concentrate.........covvvuvivniiiirineiivessnenns 1.06 47.1 87.1
“ L7351 3 1Yo R 0-01 12-9
Ratio of concentration. ... vvvueu v iiieiiieiiiriiniiiiiiiiiioiiiiiieres 30:1
Distribution
Assays,
Run No. Product gold, géfgég't
oz/ton of total
2 YT R 0-075 100-0
Trap taIling. cooo vt e e e 0:045 40-0
Teed to flotation....coovivieiiiniiiii i 0:045 60-0
Flotation concentrat. .ooovv v in v iiivininiciiiinee,s 1-08 47.1 87-1
“ tailing. oo e e 0-01 12.9
Ratio of concentration........... vttty 30:6:1

Screen Tests on Flotation Tailing:

. Run No. 1, | Run No. 2,

Mesh weight, weight,

per cent per cent
—100 6:3 4.1
~1004-150 110 7-8
~1504-200 13-6 13-4
=200, i e 69-1 74.7
0 ) N . 100:0 100-0

The results with the trap in the grinding circuit are not conclusive,
for the reason that the weight of the material taken from the trap clean-up
at the end of the test was only 26 pounds and it assayed only 1-75 ounces
per ton in gold. During the test there was approximately 7,600 pounds
of ore fed to the mill, assaying 0-075 ounce to the ton. The classifier
overflow going to flotation assayed 0-045, leaving 0-030 ounce per ton
in the grinding circuit. The units of gold remaining in the grinding




115

circuit were, therefore, 7,600 multiplied by 0-03, which is 228 units. The
units of gold retained in the trap were: 26 multiplied by 1-73, which is
54.98 units. This means that the trap contained only 41-5 per cent
y of the gold that did not overflow the classifier. It is evident that the
- clagsifier and ball mill acted as a better trap for the gold than did the
trap itself, and therefore it is possible that when the grinding circuit
becomes saturated gold would overflow the classifier in such a condition
that it would not be recovered in the flotation circuit.

STRAIGHT CYANIDATION

Eight tests were made on samples of the ore crushed to various sizes
and treated for periods of 24 and 48 hours,.

Results:
Teed sample: gold, 0-075 oz/ton
Period - Reagents consumed
Test No Grinding of 'g:;gng Extraction, 1b/ton ’
e . mesh agitation, oz /tgﬁ per cent |————
hours KCN ] CaO
— 48 24 0-015 80-0 0-4 6-1
—100 24 0:01 86:7 0.7 6-7
~—150 24 0-01 867 0.7 6-85
—200 24 0:01 86-7 0:85 7.00
— 48 48 0-01 86-7 0-4 6-35
—100 48 0.01 86-7 0.7 695
—150 48 0-01 86-7 0-85 7.10
-200 48 0-01 867 1:15 7-26

These tests indicate that the ore cyanided readily and that there is
no advantage in grinding any finer than 48 mesh. The fact that a tailing
lower than 0-01 ounce per ton was not obtained by either flotation or
cyanidation, regardless of the fineness to which the ore was crushed, is
worthy of attention. The microscopic study of the ore indicates the
probable reason for this uniform tailing. It shows the occurrence of tiny
grains of chalcopyrite disseminated throughout both the pyrite and gangue.
These grains of chalcopyrite probably camy sufficient gold to account
for the 0-01 tailing,.

CYANIDATION OF FLOTATION CONCENTRATE

A series of cyanidation tests was made on samples of a mixture of
the flotation concentrates produced in Tests Nos. 1 and 2. Samples of
this mixture, with and without grinding, were agitated in cyanide solution,
1-0 pound KCN per ton, for periods of 24 and 48 hours.

Results:
Feed sample: gold, 1:07 oz/ton
Grinding, Period Tailing Reagents consumed,
Test No per cent of assay, Extraction, 1b/ton
e . —200 agitation, gold, per cent |————————
mesh hours oz/ton KCN l Ca0
) 615 24 0:23 785 3:1 5.0
2N 61-5 48 0-235 78-0 4.0 54
N 90-2 24 0-185 827 3-4 6.1
At s 90-2 48 0-155 85:5 4.8 7-1
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In Tests Nos. 3 and 4 the concentrate was reground for 15 minutes
in a ball mill. Much frothing occurred during agitation of the reground
concentrate.

CONCLUSIONS

The results of the experimental work on this sample of ore show
clearly that cyanidation is the only method of treatment.

The flotation tests show that a recovery of 87 per cent can be obtained,
but that when the flotation concentrate is cyanided after regrinding
to 90 per cent through 200 mesh only 85 per cent of the gold in the con-
centrate is extracted. This indicates only 74 per cent total recovery of
the gold by flotation and cyanidation of the flotation concentrate.
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Ore Dressing and Metallurgical Investigation No. 568

GOLD ORE FROM LITTLE LONG LAC, GERALDTON, ONTARIO

Shipment. A shipment consisting of 24 bags of gold ore weighing
1,000 pounds was received Iebruary 7, 1934, from the Little Long Lac
Gold Mines, Limited, Geraldton, Ontario.

Characteristics of the Ore. Polished sections of the ore were examined
in the mineragraphic laboratory and studied microscopicaily to determine
the metallic minerals and the mode of their occurrence. The gangue was
found to consist of medium-to fine-grained ‘‘greenstone’” with a minor
amount of quartz and a small amount of carbonate. The metallic minerals
in the order of their abundance in the sections examined are pyrite, arseno-
pyrite, pyrrhotite, chalcopyrite, and native gold. Pyrite, arsenopyrite,
pyrrhotite, and chalcopyrite occur mostly in the “greenstone’’, while
native gold occurs in both quartz and ‘“‘greenstone’’. No coarse native
gold was seen, that present in the sections being finer than 200 mesh.

ExPERIMENTAL TESTS

The entire shipment wag crushed, sampled, and assayed. This showed
it to contain 1-58 ounces gold, 0-17 ounce silver per ton; 0-21 per cent
arsenic, 0 -02 per cent copper, 3-65 per cent iron, and 0-72 per cent sulphur.

The investigation included tests by amalgamation, concentration,
and cyanidation. The results obtained showed that 67-7 per cent of the
gold could be amalgamated from material ground minus 48 mesh. Straight
cyanidation of minus 200-mesh ore gave 94 per cent extraction. Blanket
concentration recovered from 36 per cent to 70 per cent of the gold when
the ratio of concentration was varied from 15-2 : 1 to 25 : 1. Amalgamation
of the concentrates recovered from 95 per cent to 67 per cent of the gold
contained, depending on the grade of product so treated. When the
blanket concentrate after amalgamation and the blanket tailing are re-
ground and cyanided, an overall recovery by amalgamation and cyanidation
of 95-9 per cent is obtained.

AMALGAMATION

Test No. 1

A sample of the ore was ground to pass 48 mesh and amalgamated.
The amalgamation tailing was then cyanided with a sodium cyanide solu-
tion equivalent in strength to 1-0 pound of potagsium cyanlde per ton.
Five pounds of lime per ton of ore was added to maintain protective
alkalinity.
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Results:
Teed,...oovvvvniiiinnnnnnnns e e 1.58 oz./ton
Amalgamation tailing........cooiiveiiniiiinaa., [S N | 1Y § “
Recovery....ooovvvvnvnnnn,s FS 67-7 per cent

After 24 hours’ agitation, the cyanide tailing contained 0125 ounce
gold per ton, a recovery by amalgamation and cyanidation of 92-1 per cent.

Screen Analysis of Amalgamation Tailing:

s Assay,

‘Weight, '

Mesh per cent ozg.o/ltdo'n

- 484100........ 4.2 0:60
- —100-150. 11.2 0-585
—150-+-200. 17-4 0:535
~200......... 57-2 0-46

Test No. 2

A test similar to the above was made on a sample of the ore ground
to pass 100 mesh with 79 per cent minus 200 mesh.

Results:

T TN i, vvvr 1:58 0z./ton
Amalgamation tailing,......... e e b e eaaas 0.79 «

R COVET Y. vty ie ittt ittt ettt et eetreenenenenenenransnsns 50-0 per cent
24-hour cyanide tailing........vvvivieinrnrierieernennnnrensens, 0-15 oz/ton
Total TECOVETY . vt rrnrieeenrnenrnenrnns ST P 90:5 per cent

CYANIDATION
Test No. 8

A series of tests was made by cyanidation. Samples of the ore ground
to different degrees were agitated 1 :3 dilution with a cyanide solution -
equivalent in strength to 1.0 pound of potassium cyanide per ton ore.
Six pounds of lime per ton was added to each test.

Results:

0 T Reagentconsumption

. Agitation, Feed, Tailing, Ixtraction, Ib/ton !

Mesh grind hours gold, gold, per cent | |—— ————
oz/ton oz/ton KON C20
=48 e 24 1.58 0-14 91.1 0:6 3.8
;. 48 1.58 0-13 91.8 1.2 4-8
=100, 0eiriinnnns 24 1.58 0-14 91.1 0:6 4:4
=100..00enevnrnennns 48 1-58 0-115 92.7 1.2 5:0
—150.. 00 24 1.58 0-13 91.8 0.6 4.2
=200......000000n 24 1-58 0-13 91.8 0:6 4.2
~200.....0iiiiienn 48 1-58 0-09 943 1-2 6.4

Tine grinding is indicated. The highest recovery obtained was from
the minus 200-mesh size.

A series of tests was undertaken to note the effect of fine grinding
with lime prior to cyanidation.
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Test No. 4

A sample of the ore was ground for two hours, 65 per cent solids
together with 6 pounds of lime per ton. The pulp was then diluted to
a ratio of 1 :3, and cyanide added to make a solution equivalent to 1-0
pound of potassium cyanide per ton. Two pounds additional lime was
added during the 24-hour agitation period.

Results:
Feed....... PR R T R L T T PP PP 1-58 oz./ton
Cyanide talling. . .. vvvrrieenenenrnrerierriorioseseaenenenens 0-225 ¢
EXtEaCtIOR. o\ vttt vtv e evienerireeirsiisariaerasioranirienns 85-8 per cent
Reagent consumption: KON . .vvvtveriiiiiierriieeneaenions 06 1b/ton
(077 0 N 7-6 “

Test No. 6

A test similar to the preceding one was made with the exception
that after grinding, the pulp was filtered and then cyanided with a fresh
solution. .

Results:
-1 WA 1-58 oz./ton
Cyanide tailing. . ... oovvier i i ciaeearntiraaaenns 0-11 ¢
0373705V | WA 93:1 per cent
Reagent consumption: KCN....cvverinivienernnernincacannes 1.9 Ib./ton
(671 0 9.3

Test No. 6

- In this test no lime was added during the 2-hour grinding period.
After grinding, the pulp was filtered and repulped with a cyanide solution
equivalent in strength to 1-0 pound potassium cyanide per ton. Six
pounds lime per ton was added during the 24-hour agitation period.

Results:
<Y SR 158 0z./ton
Cyanide tailing,.......ooiiriiiii i 0-10 *
B 2 2703 W 93.7 per cent
Reagent consumption: KCN.....oovviiiiiiiniiiiiiiiininn, 0-9 Ib/ton
(071 0 51 X

Test No. 7

A sample of the ore was ground in water as in Test No. 6 and then
diluted to a ratio of 1 : 3. Cyanide was added to make a solution strength
equivalent to 1-0 pound of potassium cyanide per ton. Lime equal to
6 pounds per ton of ore was added during the 24-hour agitation period.

Results:

YV F A 158 oz./ton
Cyanide tailing. . . ..o i 0-10 ¢
D0 e o ) O 93-7 per cent

Reagent consumption: KCN...cooevviininiinriniriiiiiniin, 1.2 lb/ton
Ca0 9.1 ¢
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Conditioning with lime before agitation does not increase the amount
of extraction. This series does not show increased recoveries over those
of Test No. 3 in which the ore was ground minus 200 mesh. A slight
saving of cyanide is noted when the ore is filtered between grinding and
cyanidation.

BLANKET CONCENTRATION

Test No. 8

To note the effect of removing a concentrate prior to cyanidation,
a sample of the ore was ground to pass 75 per cent through 200 mesh
and passed over a corduroy blanket. The tailing was then filtered and
cyanided, 1 : 3 dilution, with a 1-0 pound per ton cyanide solution. Five
pounds of lime was added during the agitation period.

Resulis:
Assay Distrib:tlion of

. metals,

Product Xﬁ’%&f& Gold Arsenic per cent
Oz. /ton Per cent Gold Arsenio
Feed (Cal)eeveriiiiiirirrninieninains 100-00 1.49 0-29 100-0 100-0
Blanket concentrate 4.06 25-86 308 70-4 42-0
Blanket tailing 95.94 0:46 0-18 296 580

Ratio of concontration. . cviviecerseeiirarsistiorcrosessessosiorcrsrances 24-6 : 1.

The blanket tailing containing 0-46 ounce gold per ton was reduced
to 0-06 ounce in 24 hours and to 0-055 ounce in 48 hours by cyanidation.
This represents an extraction of 88-0 per cent of the gold in the blanket
tailing. .

Test No. 9

To observe the effect of amalgamating the blanket concentrate prior
to cyanidation, a sample was ground as in Test No. 8 and a blanket con-
centrate removed. The concentrate was then amalgamated and the
amalgamation tailing added to the blanket tailing. This mixture was
then cyanided.

Resulis:
=YY N 1-58 oz./ton
Amalgamation and blanket tailing combined................ 1.05
Recovery by amalgamation......covuiiviiiiiiriiriiariones 33-5 per cent
924-hour eyanide taillng.......coovvrre ieesiiriirrinniiinnins 0-23 oz./ton
Recovery by amalgamation and cyanidation,....ccovevvennen 85.5 per cent
48-hour cyanide tailing 0-10 oz./ton
TOtAl TBCOVEIY st ureeeererrarsnurarasnsssesssacaresssssnnenss 037 per cent
Reagent consumption: KCN... 2.7 lb/ton
Ca0O 8:6 ¢

Test No. 10

The recovery by amalgamation in Test No. 9 was lower than that
obtained in previous tests. To observe the effects of amalgamation of
the blanket concentrate made from a coarse grind, a sample was ground
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wet to pass 48 mesh and a blanket concentrate removed. This coarse
concentrate was amalgamated and the tailing from this operation was
added to the blanket tailing. This mixture was then reground to pass
97 per cent through 200 mesh and cyanided.

Results:
T PPN PP . 1.58 oz./ton
Combined amalgamation and blanket tailing................ 0-51 “
Recovery by amalgamation....o..vrveeenrireeniirneirienees 67-7 per cent
24-hour cyanide tailing.......oovuuiiierreirareninrianes ... 0.0850z./ton
Total recovery, amalgamation and cyanidation.... ve..  94-6 per cent
48-hour cyanide tailing........ovvviiiienneiinins .. 0-065 o0z./ton
Ot TECOVETY . e e e essaetnenrensnesaresasnssonanssosucanssns 95-9 per cent
Reagent consumptipn: KON . .ooviveriirnriinriiiorenrnenins 0-6 1b/ton
(0710 R RN 6-2 “

The remaining ore was used to make two mill runs with a feed rate
of 100 pounds per hour, grinding in a 12 inch by 24 inch rod mill.

Mill Run No. 1

In this test, the ore was ground in the rod mill and discharged over
an amalgamating plate. The grind was coarse, 25 per cent remaining
on 48 mesh and 44.7 per cent passing 200 mesh. The amalgamation
tailing was concentrated on a Wilfley table. The table concentrate was re-
ground to pass 200 mesh and barrel-amalgamated. The tailing from this
operation was then cyanided. The Wilfley table tailing also was reground
and cyanided.

Results:
Assays:
PG B ET0) 1 F: 5 T 1.585 o0z./ton
Plate tailing, ....ovouiiiiiiiiiineiiriinininass vee. 0:82 “«
Table concentrate.......ovvveernivensnneninenins v, 1274 “
Table tailing...coooi e ie i it 0-365 “
Recovery by amalgamation........oovvivveriienrinrrnrnens 483 per cent
Recovery by table concentration........oovevvevrovinienns. 29.3
776«
Amalgamation of reground table concentrate:
=TT P 12.74 oz./ton
Tailing . 2035 %
RCOV LY e v ueneesatnsiereneasensorsoeesisineensuonoaneensans 77-0 per cent
Cyanidation of amalgamated table concentrate:
Y7 PN 2.035 oz./ton
24-hour cyanide tailing coo.  0-86 “
Bxtraction.....voee e iiriir i, ... 1T70-7 percent
48-hour cyanide tailing ... 0-8150z./ton
0537 ¢ 117 ¢ P P 72.2 per cent
Reagent consumption: KCN............. FO N 2-41b./ton
(0710 3 ¢
Cyanidation of reground table tailing:
Teed....ooovuunnns feeeeveirieeies P vievn. 0355 0z./ton
48-hour cyanide tailing....... N ! 11 13 “
Extraction......covevieeeiiiienis Cirtrieriererieriaceesises, 86:0per cent



Recoveries:

Plate amalgamation....ooovviveineiinninnns 483 per cent

Amalgamation of reground table concentrate... .. 22:6 «

Cyanidation of amalgamated table concentrate.............. 4.8 «

Cyanidation of reground table tailing..........ovevervnn.... 19.3 «
Total XeCOVETY . vvir e it ii i i ini e nranans 950  «

Ratio of table concentration, 26:6 : 1

Averagemill tailing .. ..ottt e 0-078 oz./ton

Mill Run No. 2

In this test, the mill discharge passed over corduroy blankets that
were changed every two hours. Grinding was the same as in the preceding
run.

The blanket concentrate was barrel-amalgamated after regrinding
to minus 200 mesh and the tailing from this operation cyanided. The
blanket tailing was also reground and cyanided.

Results:

Assays:
Mill discharge...... e b et rr e r et ie ettt es e et 1-69 oz /ton
Blanket concentrate 87-30
Blanket tailing......... ettt e e e e 1-125 ¢

Blanket concentration:
Recovery in concentrate 36-2 per cent
Ratio of concentration..... 1525 : 1

Amalgamation of reground blanket concenirate:

Teed 87 30 oz, /ton

Amalgamation tailing ..

RECOVETY v ettt et iiae s e rane it aienienaenes 95 2 per cent
Cyanidation of reground amalgamated concentrate:

24-hour eyanide tailing......ooviviiiie ittt i i 0-445 oz./ton

Bxtraction. oot e e e 895 per cent

Reagent consumption: K%N ..... it e 0 75 lb /ton

(48-hour agitation did not reduce the tailing below that obtalned in 24 hours.)

Cyanidation of reground blanket tailing:

N 1-125 oz./ton
24-hour oyanide tailing voee 0:20 “
Ttraction. . iveien i iiniienannn .... 82:2 percent
48-hour gyanide tailing .. 0:07 oz./ton
Bxtraction..coooiii i i i e e 93-8 per cent

Reagent consumption: KON . .uveieeinevivenieainnensaronons 1-65 Ib./ton
oL Yo PR PR PR 160
Amalgamation of the unground blanket tailing reduced the gold
content from 1-125 ounces to 0-61 ounce per ton, indicating that the
blankets should be changed more frequently than once every two hours.

Recoveries:
Amalgamation of blanket concentrate,............ooiviiiiis 345 per cent
Cyanidation of reground amalgamated concentrate........... 15 «
Cyanidation of reground blanket tailing..................eus. 59.8
Total FECOVEIY.cvveurnruererrrroesnsesssnens veee 958

Average mill tailing....ocovvrvneiniinns e 0+073 oz./ton
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SUMMARY AND CONCLUSIONS

1. Amalgamation tests show that 67 per cent of the gold is freed at
48-mesh grinding. TFiner grinding tends to increase tailing losses.

2. Cyanidation at 48-mesh grind gives an extraction of 91 per cent.
When the fineness of grinding is increased to minus 200 mesh, the extraction
is raised to 94 per cent.

3. Pre-conditioning with lime is of no apparent benefit.

4. Blanket concentration at a ratio of 24:6 : 1, as shown in Test No.
8, recovers 70 per cent of the gold; and 36 per cent when the ratio of con-
centration is 152-5:1 as in Mill Run No. 2. This latter recovery is
low, owing to the long period between blanket changes; 45-8 per cent
of the gold passing the blankets in this test (Mill Run No. 2) can be re-
covered by amalgamation.

5. Amalgamation recovers 95 per cent of the gold in the blanket
concentrate. Cyanidation recovers 89-5 per cent of the gold in the
residue, and 93 per cent of the gold in the blanket tailing.

6. A total recovery of 95-5 per cent can be expected by a combination
of concentration, amalgamation, and cyanidation from a mill feed of the
grade tested.

7. Mill Run No. 2 and Test No. 10 do not indicate that any benefit
will be derived by cyaniding the amalgamated blanket concentrate and
‘the blanket tailing in separate circuits.

The flow-sheet indicated by this investigation is one including two~
stage grinding. The first mill, grinding to about 48 mesh, should discharge
into a hydraulic trap to remove coarse gold. The overflow from this
should pass over blankets to a thickener. The underflow from this thick-
ener should be reground to minus 200 mesh before passing to agitators
with approximately 48 hours’ contact. All grinding should be done in
cyanide solution.

The blanket should be changed at frequent intervals and the con-
centrate reground and barrel-amalgamated together with the trap cleaning,
The residue from this amalgamation should be cyanided. To avoid surges
in the cyanide tailing assay, this product should be handled in a separate
circuit. This might also prevent a slight fouling of solution owing to
the formation of soluble eyanide compounds.
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Ore Dressing and Metallurgical Tnvestigation No. 569

SILVER ORE FROM WHITE EAGLE SILVER MINES, LIMITED, CAMSELL
RIVER, NORTHWEST TERRITORIES

Shipment. A shipment of silver ore consisting of 16 bags, having a
net weight of 1,365 pounds, was received at the Ore Dressing and Metal-
lurgical Laboratories on February 13, 1934, from the property of the
White Eagle Silver Mines, Limited, Camsell River, Great Bear Lake
district, N.W.T., and was submitted by Col. C. D. H. MacAlpine, President.

Characteristics of the Ore. Fourteen polished sections were prepared
and examined microscopically. Three types of gangue material are present
in the specimens, quartz, country rock, and carbonate.

Quartz predominates and varies from greyish white, fine-grained
sugary quartz to comb quartz.

Carbonate, probably chiefly calcite, is next in importance.

Country rock is present as brecciated fragments contained in the
quartz-carbonate assemblage. It is medium- to fine-grained, and dark
grey in colour.

The ore minerals occurring are galena, gersdorffite, niccolite, rammels-
bergite-safflorite, native silver, lollingite, sphalerite, tetrahedrite, chal-
copyrite, argenfite (?), hematite, and two unknown minerals.

Galena occurs as large massive aggregates and has a coarse crystalline
structure.

Native silver shows three typical modes of occurrence as follows:—

1. Small irregular grains interstitial to the grains in fine-textured
quartz.

2. Irregular grains partially replacing rammelsbergite-safflorite which
occurs in fine-textured quartz.

3. Irregular grains and masses intimately associated with and invading
niccolite which occurs in quartz.

It is noteworthy that no native silver was seen to occur (a) in galena,
(b) in gersdorffite, or (c) associated with carbonate.

Test Work. Test work on the ore embraced table concentration,
blanket concentration, barrel amalgamation of concentrates, flotation,
other small-scale tests and a large-scale mill run (crushing, tabling, and
flotation). :

The results of the test work indicate that over 98 per cent of the silver
can be concentrated by tables and flotation, and over 96 per cent of the
silver in the concentrates can be recovered by barrel amalgamation.
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Crushing and Sampling. The ore was crushed and sampled by standard
methods and an analysis of the feed sample was as follows:—

Y N eerareeresetetetiaens i 088+03 oz/ton
Gold........ Ceetesrtettiseitacaeass Ceeereseeisanieas 0.01 « |
S ' s iireneeees eeraes 527 per cent
L 070) o1 Ceeeiranannriiens 0:56
NACKOLu s st veetsvtvnerneenroossoonansseesaserassassocsansesinerns 110 “
8 | Ve 356 ¢
Copper........ N 0-04 ¢
MADEANCER. v e verrrerrnrnreracrorsrsssansaroans Cerianees vereens 063 ¢

T 1 ¢S vees 2:06 ¢
7 44T 1 008 ¢
Sulphur...... ettt arer e 1-8 ¢
31 44.90 ¢
Caleium 0xide. . ..vuvvevrivrrenrersarsrnsssrieriiisrairirasinses 890

AENESIUIN OXIAB. v vreeeserere i nsiarirerrireiersrananensns 5:00
Carbon dioxide. ... ... civerinririneracninecierens Geieeeenes .. 12.50 «

A sample of the galena was crushed and panned free from gangue,
and assayed for silver, giving a result of:—

[S110°7:) P 10-05 oz/ton

A screen analysis on 1,000 grammes of the feed sample was as follows:—

: Assays, |Distributipn
Mesh W?ggf& silver,’ of silver,
per. oz/ton per .cent

13-90 1,364-90 19-8

3043 1,175-90 374

11-63 838-26 10:2

8.77 1,009 34 9:2

8-97 937:70 8-8

26-30 526-40 14-6

100-00 956 11% 100-0

*Calculated feed assay.
ExpERIMENTAL TESTS
TABLE CONCENTRATION

The feed sample, 101 pounds, was screened and sized into six products.

h Each of the six products was run separately over a laboratory Wilfley
table.
The results of these tests follow:—

Test No. 1

Teed: 3,000 grammes — 1420 mesh.

The concentrate was re-run and a second middling product obtained.
This size is too coarse for satisfactory tabling.

Distribution
Weight Assays of metals,
Product per cent Silver Tond per cent
oz/ton per cent Silver Lead
‘Concentrate.....oooveeeeennnnnns, 14-8 5,644-19 32.18 59-9 88:6
Ist middling.......oooveeniinnnn 335 524-73 0-44 12:6 2.7
2nd middling,....evveiiiiiiiinn, 234 1,209.93 1:51 20-3 6-5
Talling...iiieenveeniiienensanes 28:3 35170 0:37 7:2 2:2

84712—9
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Test No. 2
Feed: 3,000 grammes —20--35 mesh.
The middling was re-run.
Distribution
Weight Assays of metals,
Product per cent r— Toad, per cent
oz/ton per cent Silver Lead
Congentrate.. ....cocovverniensns,s 12-3 4,249.26 39-06 47-5 92+4
Middling; 2-8 3,100-70 3-54 7-8 1.7
Tailing, .cvevrinrnnceecinninns 84-9 577-70 0-35 44.7 59
Test No. 8
Feed: 3,000 grammes —35--48 mesh.
The middling was re-run.
Distribution
Weight Assays of metals,
Product por cent Sitver Tond, per cent
oz/ton per cent Silver Lead
Congentrate.............. R . 10.9 5,80835 44.52 53-2 88-7
Middling.......... 2:5 6,043 -97 6-37 12:5 2:9
Tailing...ovvviiiieiinrciieenens 86-6 475-80 0-53 34.3 8-4
Test No. 4
Feed: 3,000 grammes —48-}-65 mesh.
The middling was re-run.
Distribution
Weight Assays of metals,
Product per oent Silver Tond per cent
oz/ton per cent, Silver Lead
Coneentrate..ooviveveviervinennes 12-4 6, 52438 5885 62-2 935
Middling 2:3 5,312:53 4-65 9.4 14
B3 1SS N 853 43280 0-46 28-4 5.1
Test No. &
Feed: 2,000 grammes —65-+100 mesh.
The middling was re-run.
Distribution
Weight Assays of metals,
Product per cent Silver Toud per cent
oz/ton per cent Silver Lead
Coneentrate. .ovvver v rivneonins 18-6 4,491-67 32:18 83-3 94-0-
Middling 2.9 1,198-50 3:53 3-4 1:6
Tailng. v vt ie et ieenaennas 78+5 167-70 0-35 13-3 5.4
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Test No. 6

Feed: 3,000 grammes — 100 mesh.
The middling was not re-run.

Distribution
Woight Assays of metals,
eight, per cent
Product per cent Silver, Lead,
oz/ton per cent Silver ' Lead
Concentrate.........oovvvevuenen. 9-3 3,289-50 38.45 55+5 50-6
Middling..oooovvnivvnennninnnenn, 91 1,196-30 16-44 19-7 20-6
Tailing. . coveererirenenenennennnn. 81:6 167-00 243 24-8 28:8

Slime loss, 2211 grammes=7-3 per cent.

The table concentration tests indicate that sizes between 20 and
65 mesh are most suitable. Coarser sizing is not satisfactory and finer
grinding increases the tendency for high slime. The concentrate carries
the bulk of the galena and, although the middling product is low in lead,
it is sufficiently high in silver to be re-run over the tables, thus yielding
a high silver-lead concentrate carrying over 5,000 ounces silver per ton
and a tailing carrying from 200 to 300 ounces silver per ton.

CONCENTRATION ON BLANKETS

A series of tests was made on sized ore by running over a corduroy
blanket at a slope of 2:8 inches to the foot.

The results seem to indicate that blanket concentration is not satis-
factory.

Test No. 1

Charge of —14-420 mesh showed this product to be too coarse for
blanket concentration.

Test No. 2

Feed: 2,000 grammes —20-35 mesh.
This size also was too coarse.

Distribution of metals,
Weight Assays per cent, Ratio of
Product ezt : concen-
per cent Silver, Lead, s tration
oz/ton l per cent Silver Lead
Concentrate........... 14-5 2,132-47 17-91 28-8 54-0
6:9:1
Tailing................ 85-5 898-30 2-58 71-2 460
Test No. 3
Feed: 1,000 grammes —35-48 mesh.
Distribution of metals,
Welght, Assays per cent, Ratio of
Product c1ght, - concen-
per cent Silver, Lead . tration
oz/ton per cerylt Silver Lead
Concentrate,.......... 26-1 3,195-156 2226 64-8 88:6
3-83:1
Tailing................ 73-9 612-40 1-01 35-2 11.4

84712—0%
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Test No. 4
TFeed: 750 grammes —48-}-65 mesh.
Distribution of metals,
Weight Assays per cent Ratio of
Product per cont - concen-
T | e | s | e |
Concentrate........... 34.7 2,072.17 13-76 65:0 86-3 9 1
-88:
Tailing,..ooveueviinnn 65-3 594-10 1.16 35:0 13-7
Test No. 6
Feed: 1,000 grammes —65--100 mesh.
Distribution of metals
. Assoys per cent, "| Ratio of
Product Weight, . concen-
per cent §;1}1;21;1, p%re?:gr’xt Silver Tead tration
Concentrate,.......v.. 28:6 1,6904.72 12.70 53:0 72.0 5.5 1
Toiling. ..vvevrnrnrenn. 714 600-80 1-97 47:0 28-0 )
Test No. 6
Feed: 2,000 grammes —100 mesh.
Distribution of metals
Weight Assoys per cent "| Ratioof
Product p ef' %ent'. - concen-
| st | s | e |
Concentrate,,......... 16-9 1,182-40 15.78 37.9 45-8 501
Toiling...o..uvurnilnn. 831 394:50 3:80 62-1 54.2 )

Charges of 1,000 grammes of table tailing were run over corduroy

blankets.
silver.

Results of three of these tests are as follows:—

Test No. 7

Feed: 1,000 grammes —20--35 mesh.

Silver =577-70 oz/ton.

The results were unsatisfactory, showing no concentration of

s Assays, Disgtribution | Ratio of
Produect v‘;‘;lﬁgg gilver, of silver, concen-
p oz/ton per cent tration
Coneentrate. .vvve v iiiiiiieiiiiieiiinenas 17-5 669-60 19-8
572:1
B 4TSS 82:5 57620 80-2
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Test No. 9

Feed: 1,000 grammes —48--65 mesh.
Silver =432-80 oz/ton.

s Assays, | Distribution | Ratio of
Product “;f_’%?:l‘é silver, of silver, concen-
p oz/ton per cent tration
Coneentrate. ... .ovvivireririerrrorrnreonnss 25:6 569-80 31-8 3901
TOlIE. .. 0vevvseitereieearererniane 744 418-40 68-2 ’
Test No. 11

Feed: 1,000 grammes — 100 mesh.
Silver =167-0 oz/ton.

. Assays Distribution [ Ratio of
Product VZ?%:IEE silver,, of silver, concen-
p oz/ton per cent tration
Coneentrate. ...o.ovvvvevieervriierisrnraress 244 239-00 354 011
TalNE ..ot eeeieeeet e 75.6 140-60 64-6 )

BARREL AMALGAMATION

Test No. 1

A composite charge of 1,000 grammes was made of the concentrates
from the table tests. The silver content of this concentrate was 5,016-84
ounces per ton.

The charge was ground wet for 20 minutes in a pebble jar and then
barrel-amalgamated with 1,000 grammes of mercury for 6 hours. On
separating the amalgam from the pulp it was found that insufficient
mercury had been added. An additional 700 grammes was added and
agitation continued for a short period. :

No sickening of the mercury was apparent. There was a tendency,
however, for the fine galena particles to adhere closely to the amalgam
during separation. No additions of cyanide or soda ash were made during
the amalgamation.

Weight of CharEe. ooy er it ieeeivreerrnraaniacneannanes 1,000 grammes
Weight of amalgamation tailing....... . 834 “
Silver assay on amalgamation tailing, . . 23430 oz/ton
BV eE PBCOVETY .. vt v reet e v verneanersnonnsneenraernonsrnersess 95-3 per cent

Barrel amalgamation does not appear to offer any serious difficulty.

Screen Test of Amalgamation Tailing:

‘Weight,

Mesh per cent
100, 0-8
+150. 3-4
200, 13-4
-—200. 824
100-0
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Test No. 2

This test was carvied out on raw ore. A 1,000-gramme charge was
ground wet for 20 minutes and then transferred to an Abbé jar and agitated
for 6 hours with 1,000 grammes of mercury.

The separation of the mercury amalgam from the ore was carried out

in a hydraulic classifier. There was no indication of sickening of the
wercury.

Assay of feed sample...... T T P Silver, ~ 988-03 oz/ton
Assay of amalgamation tailing................ooiiiii Silver, 89-10
Recovery of silver..................... PR NN 910 per cent

Screen Test of Amalgamation Tailing:

‘Weight,
Mesh per cent

............................................................................... 0-25
...................................................... 4.05
...................................................... 10-50
.................................................... 2290
............................................................................... 62-30

.................................................................. 100-00

JIG TEST

A 2,000-gramme charge of —14-420-mesh ore was run through a
Richards pulsating jig. There was a clean galena product obtained high
in silver. The overflow, although low in lead, contained much silver.

The test indicates the unsuitability of jigging for this ore at the

above size.
FLOTATION TESTS

Test No. 1

This test was carried out on table tailing from Table Test No. 6
(—100 mesh).

1S 17 167-0 oz/ton
T 2+43 per cent

Additions to cell:

(Conditioned in cell for 15 minutes)

Table tailing. ...ovviuniiie i et i e s 750  grammes
Coal-tar creosote. ... 20  drops
Sodium silicate............ 266 1b/ton
Sodium ethyl xanthate............. P PN 0-5 “
Pincoile.eoiiiiiiiiiiniiii i e 0-13 1b/ton
Distribution of metals
Woeight Assays per cent "| Ratio of
Product per %em’; po i %ong_en-
ilver on e ration
oz/ton’ per cerllt Silver Lead
Concentrate. . 15-22 964+20 14-16 90-5 88.6 6:57:1
Tailing......... . 84.78 18-10 9.5 11-4
100-00 100-0
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Summary of Silver Recovery by Tables and Flotation:

Recovery of silverontable.......cooovvvereivinii i 75:2 per cent
Recovery of silver by flotation of table tailing, 90-5 per cent of 24-8
0T g 1 1 . «“
Overall recovery of BILVer. .. oveviveeerierersrrreieancnns 97.6 «
Test No. 2

’%‘his test was carried out on tailing from Blanket Test No. 6 (—100
mesh).

Silver....... S PN e 394.5 oz/ton
7T Y e, i 380 per cent

Additions to cell:

(Conditioned in cell for 15 minutes)

Blanket talling, . oooerveerirerneeirreeeeirrieiieenarrierens 1,000 grammes
Coal-tar creosote.....e.ovvvvnn. 20 rops
Sodium silicate...,............. 1 Ilb/ton
Sodium ethyl xanthate 04 «
PINe 01l s et i e e e 0-05 Ib/ton
. Assays Distribution | Ratio of
Product : Weight, - of silver concen-
per cent Silver, Lead, ! A
oz/bon per cent per cent tration
Concentrate..............oonenn 15.9 2,891.20 2544 95-5 6.28 : 1
TadlZ. ¢ ovenerreeierinannnnns 84.1 21410 [..vvivnnss 4.5 '
Total.............. 100°0 . eevvnneni v, 100-0 f...cevvnnnts
Test No. 8

This was a test on the tailing from the barrel amalgamation test of
the table concentrate and was run to float off the lead and leave a product
containing the bulk of the nickel and cobalt.

Additions to cell:
401025 1 T 500 grammes
Sodijum cyanide................. 0-21b/ton
Sodium ethyl xanthate......... 0.1 «
Sodaash.......c.ovevennnnnn 2:0
56 51T o) | 0.2 «

Distribution of metals,
Product Weight, | Lead, Nickel, | Cobalt, per cent
per cent | per cent | per cent | per cent

Ratio of
concen-

Lead | Nickel | Cobalt tration

Concentrate...... 32:3 64-98 2:60 1-00 52:4 17-4 11-1

3:09:1
Tailing........... 67-7 28-08 5.91 3:82 47-6 82:6 88-9

Results show a very low-grade concentrate of nickel and cobalt.
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SILVER RECOVERY FROM TABLE CONCENTRATES BY DIRECT SMELTING
AND CUPELLATION

This test was run to determine the possibility of smelting the concen-
trate into a lead-silver bullion and by subsequent cupellation obtaining
a silver bullion. The lead in the concentrate was utilized in the production
of the crude silver-lead bullion.

A 200-gramme charge of the concentrate was first roasted at a dull
red heat for 20 minutes to reduce the sulphur content. The calcine was
then melted, using a flux made up as follows:—

Soda carbonate. . . vvvi ittt i i i e 390 grammes
(63 5 50 ¢

Trom nails. ..o e (5)

Argol (for reduetion) . vuuus v it er i ir i it areeass 35 grammes

The bullion obtaihed from the melt was then scorified to reduce the
lead further and finally cupelled.

The concentrate assayed as follows:—

S N 5,087+44 oz/ton
7 4221 per cent
Silver in caleine 33:08 grammes
Lead in caleine.......vouuvnnns 84.42 “
Silver recovered as bullion 28:865 ¢
L2 S ¢ 857 per cent

The recovery waslow and this was probably due to insufficient roasting,
Sulphur resulting in the formation of a matte during the melt would account
for a loss of silver in the slag.

The test indicates, however, the possibility of developing a smelting
method whereby the lead available in the concentrate could be utilized
for the recovery of silver bullion.

Mill Run

Test No. MR-1

The ore, crushed to —4 mesh, was fed to a 12-inch by 24-inch rod
mill. The mill discharge was pumped to a Callow screen (10 mesh),
the oversize being returned to the mill, the undersize passing to a Wilfley
concentrating table.

The sand tailing and slime were pumped into a cone tank. The
sand tailing was drawn off into a settling-tank, collected, and dried. The
slime remaining in the cone tank was run through a filter press and the
solids recovered.

The grinding circuit used approximates closely the results obtainable
from a stamp battery.

The table middling was re-run over the tables, and the mill, pump,
and elevator clean-ups were also tabled.

Data of Test:

Mill feed:  Silver = 988:03 oz/ton
Lead = 5.34 per cent
Table feed: Silver = 755-01 oz/ton
Rate of feed to rod mill = 160-5 Ib/hour
Length of table stroke = 05 inch
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. The results of the run are condensed and tabulated in the following
table:—

A Dfistribultion
‘Weight, 85ayS of metals, Ratio of
Products per per cent concen-
cent ; tration
Silver, Lead, .
oz/ton per cent Silver Lead
Concentrate............. 15-41 6,488-17 19-90 83-61 57-4 6-49:1
Tailing...oivvvrnianenn.s 84-59 231-68 2-69 16-39 42.6
100-00 10000 100-0

Concentration on the table appears to be satisfactory. A minimum
of fines during grinding is essential for the best recovery.

The tailing was dried to a moisture content of from 5 to 8 per cent
and reground and floated.

Screen Tests:

Table Concentrate Table Tailing
‘Weight, ‘Weight,
Mesh per cent Mesh per cent
A T S T 22
1006 ] b 200, ceiniiiiiiiiineiinivnens 6:6
G711 4 28 8:8
B I e T 10-9
B I 11-9
L T I S 7 10.2
94 [ F100....iveiniiiiiniiiiiiiiiens " 1246
T-1] 180, cvnieiniiiniiiiiiiienns 8:2
88 200, .viiiiiiiiiiiiiiien 10-8
13-1 =200, e e 17.8
100-0 100-0

TFLOTATION OF TABLE TAILING
Test No. MR-2

The tailing was fed to the rod mill, containing 300 pounds of rods, at
a feed rate of 105 pounds per hour. The mill discharged into an Aking
classifier. The classifier overflow was pumped into a conditioner tank
from which it was fed to the flotation cells. The cell tailing was run over
a Butchart table.

The reagents added were as follows:—

To the rod mill:

Sodium STHCAtE. . v\ vvererieriie it i ie i 1:0 Ib/ton
COoal-tar CTCOBOLE, vy vaurvrersoenrvoasnronsveunerssanenersaisarens 1.25 ¢«

To the conditioner tank:
Sodium ethyl xanthate........vvverrreeneeinrerinerironerinennns 0-4 Ib/ton

To the cells:
531 T- o) | PN 005 lb/ton
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It was found that the coal-tar creosote produced too heavy a froth,
resuc{ting in a rather low-grade concentrate and the particles were heavily
oiled.

The rest of the tailing was run the following day, omitting the coal-tar
creosote.

Results:
Assays
Products Silver, Lead,
oz/ton per cent
Classifier overflow. ..ooo vt et inin it 172-40.)...000innt
Conditioner overflow 146-30 3:79
Flotation concentrate 1,949-0 27-78
Flotation tailing,.......coiiveeivinenivinns 10.75 Nil
Table coneentrate..cc.oovvievreriirninrenincnes 19440 |...ovvinnnn
Y o) C T 13T 10048 |.ovvviiinnnn

Screen Test Classifier Overflow:

Calculations:
1049 — 10:75

146.3 — 10-75
100X1949 (146-3—10-75)
= 93.1 per cent
146+ 3 (1949 — 10-75) -

Test No. MR-8
The reagents added were as follows:
To the mill:

Ratio of concentration = 14:3:1

’

Recovery of silver

SodIum SIHGATE. . vttt v it i e i e it 1.0 1b/ton
To the conditioner tank:
Sodium ethyl xanthate. ..oo..vveiinireiiiiiiiiieiiiiiinaas 0-4 «
To the cells:
Pine oileeoiiviiiieniiinin i e e 03
Results:
Assays
Products Silver, Lead,
oz/ton per cent
Classifier OVer lowW. .vvuur et vee e iieree e erertnrteaneneanneeaoraenns 2028 f{iieiienn..
Conditioner overflow.........cooviiiiiiiiiiini i 191.5 2-96
TFlotation concentrate........o.ovvviuieeiiiernernnaenn. 2,021-0 28-07
Flotation tailing.....ovvieiviiieiiiirienrarernenenans 13.08 0-15
Table COnCentrato...vueee vt erneerenterrnansensens 19440 |oovvveniinns
) S Ee 5 1 e A 1280 l.ooevneenn.s
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Screen Test Classifier Overflow:

‘Weight,
Mesh per cent
0-1
30
78
22.8
663
1000
Calculations:
2021 — 13-68
Ratio of concentration = —————— = 11.28 : 1
191.5 — 13.68
10032021 (191-5 — 13-68)
Recovery of silver = = 93.4 per cent

191-5 (2021 — 13-68)

Calculations on Silver Recovery by Table Concentration and Flotation

Silver recovery on tables....vet v e vrrireirriasiriiiorniiiiesins 8361 per cent
Silver recovery by flotation of table tailing = 93-4 per cent of
1689 Per Cenb.us s v erer e i i e 15.31  «
Overall TeCOVEeIY .. vuet i rver e cnrvnrerresnnsrnnsnes 98.92 «

The flotation tests indicate that the silver minerals float satisfactorily,
yielding a fair grade concentrate.

AMALGAMATION OF SILVER CONCENTRATES

" Test No. 1

A sample, 500 grammes, of the table concentrate from Test No.
MR-1 was ground in a pebble jar for 20 minutes. The ground concentrate
was then barrel-amalgamated with 1,000 grammes of mercury in water
for 6 hours. The amalgam was separated in a hydraulic classifier. No
sickening of the mercury occurred.

Screen Test Amalgamation Tailing:

Weight,

Mesh per cent

@
S| maqmm

Sloens

Assay of feed: Silver =
Assay of tailing: Silver =
Recovery =

6,808-30 oz/ton
242.30 “
96-4 per cent

A microscopic examination of the tailing showed a small amount
of native silver as tiny grains included within gangue or metallic minerals.
A very minor amount occurs as tiny, rare, free grains. No minerals
that could be silver minerals were seen.
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Test No. 2

This test was on 1,000 grammes of flotation concentrate from Test
No. MR-3. The charge was barrel-amalgamated with 1,000 grammes of
mercury and 10 pounds soda ash per ton and water for six hours. Results
were not satisfactory.

Feed assay: Silver

Amalgamation tailing: Silver
Recovery

1, 72;% -0 oz/ton
37 4 per cent

nin

Test No. 3

This test was on 1,000 grammes of flotation concentrate from Test
No. MR-2 and was carried out similarly to amalgamation Test No. 2.

Feed assay: Silver = 1,552:40 oz/ton
Amalgamation tailing: Silver = 1,304.60
Recovery = 15-9 per cent

The results of barrel amalgamation on the flobation concentrate
from the table tailing show a very low silver recovery. This may be due
to several causes. The oiling of the silver particles and the action of
xanthate on the silver may have a retarding influence on the action of
the mercury on the silver. This is supported by the results obtained on
the two concentrates. In Test No. MR-2 coal-tar creosote was used
as a flotation reagent, whereas in Test No. MR-3 it was discontinued.
Sufficient coal-tar creosote, however, remained in the circuit to influence .
amalgamation.

A microscopic examination of this tailing showed native silver rather
abundant as irregular grains, which are free and appear to have been
somewhat corroded. A moderate amount of native silver is enclosed as
tiny grains in gangue and metallic minerals. No minerals that could be
silver minerals were seen. Much galena is present and from a previous
assay is known to carry a small amount of silver.

As a result of the microscopic examination, a further amalgamation
test was made in which the concentrate was ground in a pebble jar with
soda ash prior to barrel amalgamation.,

The results of this test showed little improvement.

In order to effect a further concentration of silver in amalgamation
tailing of the table concentrate another test, duplicating barrel amalga~
mation Test No. 1, was run and the tailing was floated. The results are
as follows:

Test No. 4

A sample, 1,000 grammes, of table concentrate was ground wet for
20 minutes and then barrel-amalgamated with 2,000 grammes of mercury.

Silver Infeed..ov.evuiiriee it i i e reras 6, 808.30 oz/ton
Silver I tailing. ..ot i i e e aees 212:30 “
Recovery by amalgamation. . veuee e vs i iirieesiereieeneans 96-8 per cent

Reagents to flotation of tailing:

Pme 14 3 O 01«
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. Assays |Distribution Ratio of
Product Weight, of con-
per cent Silver, gilver, entrati
oz/ton per cent | © ion
(0107116123117 ¢: 7 AP 501 38460 89-3 2.1
Ol 1 v evereernererneeieeneiennenaenns 49-9 4610 107 '
100-0 100-0
Silver recovery by amalgamation...........c.ocoviivniiiiinin, 96-8 per cent
Silver recovery by flotation of amalgamation tailing, 89-3 per
cent of 8+2 Per Centuuv..vuiriinirenriiiiuneneiiiiorniiianeans 2.8 «
Overall TeCOVeTY . cvvveuieiiiineriiienineernennrinnes 99.6
Test No. 6

A 1,000-gramme charge of flotation concentrate from Test No. MR-3
was ground wet with 10 pounds soda ash per ton for 15 minutes. The
pulp was then barrel-amalgamated with 1,000 grammes of mercury,
4 pounds soda ash per ton, and 02 pound sodium cyanide, for 6 hours.

Silverinfeed.....vvevereiiveniriineniiisnierineiieiiennenes 1,783 oz/ton
Silverin talling.....ovveveeriieeneiiireninrioneiineerinionnes 1,080-80
RCOVEI Y e tuvs vt eetinvoaennruasssneassisesesoroneinsnsnnsonees 39:3 per cent

Screen Test on Amalgamation Tailing:

Weight,
Mesh per cent
11 P 0-4
11 N 35
200 e ettt e et e e e e e e e s e e et e et e s enes 96-1
100-0

CONCLUSIONS

The results of the test work on the White Eagle silver ore indicate
that the silver is almost entirely present as native silver.

Crushing in stamp batteries followed by table concentration will
yield a high-grade silver concentrate with a high silver recovery. By
flotation of the table tailing, 93-4 per cent of the silver in this tailing is
recovered. The overall recovery by tabling and flotation was 98-92
per cent.

Barrel amalgamation of the table concentrate offers no difficulty,
968 per cent of the silver being recovered as amalgam. By flotation
of the amalgamation tailing a further 2-8 per cent of silver was obtained
in a lead concentrate carrying 384.6 ounces silver per ton.

Amalgamation of the flotation concentrate appears to present some
difficulty, as has already been pointed out. It might be considered ad-
visable to retain all the flotation concentrate and treat it by a smelting
process or ship it direct to a smelter.
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Ore Dressing and Metallurgical Investigation No. 570

GOLD ORE FROM AMISK (BEAVER) LAKE, SASKATCHEWAN

Shipment. A shipment of four sacks of ore was received October
20, 1933. Two sacks contained Samples Nos. 1 and 2 mixed, the net
weight being 111 pounds. Sample No. 3 was contained in one sack and
weighed 77 pounds. Sample No. 4 was contained in one sack and weighed
56 pounds. The samples were submitted by Dr. J. F. Wright, Geological
Survey, Victoria Museum, Ottawa.

Character of the Ore. Samples Nos. 1 and 2 are of a rusty, partly
decomposed, fine-grained material derived from the weathering of quartz-
feldspar porphyry, which is highly jointed, altered, and mineralized with
finely-disseminated sulphides and stringers of vein quartz and carbonates.
No. 3 is of unweathered andesitic lava highly altered and carrying dis-
seminated sulphides, quartz, and carbonates. No. 4is of rusty decomposed
material derived from the weathering of material similar to No. 3. Samples
Nos. 1 and 2 are from the Sonora prospect and Nos. 3 and 4 from the
Amisk Gold Syndicate prospect.

The average assays of the three samples are as follows:—

Samples Nos. 1and 2........... e r et eaaaas 0:0625 oz/ton
Sample N0, B.uueiiviiin et iiiirciiciiiiiiennas 0-435 “
Sample NOo. 4. .oiniiiiiiiiiiieeiiiiiiir et 0-52 “

The metallic minerals in the polished sections arve arsenopyrite, pyrite,
pyrrhotite, and chalcopyrite named in their order of abundance, and, in
addition, a grey mineral occurring in needles, possibly ilmenite, and native
gold. The arsenopyrite occurs in irregular grains and well defined crystals,
the pyrite in irregular grains, and the pyrrhotite in small grains in both
the arsenopyrite and pyrite. Three grains of native gold were seen in
the specimens studied, one in a gangue mineral, another in pyrite, and the
third in arsenopyrite. The gold is exceedingly fine, that in the gangue
being 3-0 microns, that in pyrite 1-5 microns, and that in arsenopyrite
1.0 micron. The fine character of the gold and the apparent association
of most of it with sulphides makes this ore rather complex to treat, and
only a very small recovery can be expected by washing the partly decom-
posed rusty capping material, as in Samples Nos. 1 and 2, over mercury
plates.
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ExrrriMENTAL TESTS

The work on Samples Nos. 1, 2, and 4 was limited to barrel amalga-
mation tests, as any method by which this matevial could be economically
treated would depend on the gold being finally collected in mercury. From
Samples Nos. 1 and 2, 52-0 per cent of the gold was recovered as amalgam,
and from Sample No. 4 only 32:7 per cent of the gold was recovered
in this way.

The fresh rock sample was treated by cyanidation, amalgamation,
and flotation. Maximum extraction obtained by cyanidation was 93-1
per cent of the gold when the ore was ground dry all through 200 mesh.
By barrel amalgamation 54-0 per cent of the gold was extracted when
the ore was ground dry all through 100 mesh. By flotation of the ore
03-1 per cent of the gold was recovered in a concentrate amounting to
296 per cent of the weight of feed used and assaying 1-16 ounces per
ton in gold. By amalgamating the ore and floating the amalgamation
tailing, a total recovery of 92:6 per cent of the gold was obtained.
Of this, 61-4 per cent was recovered by amalgamation and 31-2 per cent
in a flotation concentrate amounting to 28-2 per cent of the weight of
feed used and assaying 0-48 ounce per ton in gold.

Details of the tests follow:—

Samples Nos. 1 and 2

Test No. 1—Amalgamation

The ore, dry crushed through 14 mesh, was amalgamated with mercury
in a jar mill for 30 minutes. The tailing was assayed for gold. The ore
was not crushed any finer because it was felt that this could not be done
economically in practice.

Summary:
Feed SAmMPlo. .., cueernrrerer e irrrenreneenennan 0:0625 oz/ton
Amalgamation tailing,.........coeeviiiiii i, 0-03 “
RECOVEIY v et iini ittt it enersareanessnresninnes 52+0 per cent

Sample No. 4

Test No. 1—Amalgamation

This test was carried out in exactly the same way as Test No. 1 on
Samples Nos. 1 and 2.

Summary:
Feed SAIMPlO...oo.ivvrerin i niinienenaraanens 0-52 oz/ton
Amalgamation tailing,...............coiiiiiiiiiinin. 0-35 «
oS 32:7 per cent

Sample No. 3

Tests Nos. 1 to 8—Cyanidation

Four lots of the ore were crushed dry to pass through 48-, 100-, 150-,
and 200-mesh screens respectively. A sample of each lot was agitated
in c¢yanide solution, 2-0 pounds KCN per ton, for periods of 24 and 48
hours. The tailings were assayed for gold.




Summary:

Teed sample: 0:435 oz/ton

Per%od Tailing Bt Reagerht)s/ consumed,
[ assay, xtraction, ton
Test No. Mesh agitation, gold, per cent  |or————————
hours oz/ton KCN Ca0O
Loovoiiiionnn Crerreeenen — 48 24 0-06 86-2 0:70 13-0
2 -—100 24 0-045 897 1-00 15-8
2 —150 24 0-035 92.0 1.00 17-3
4oiviiiiinnnn,s [ —200 24 0-03 93.1 1-00 21:3
N Cereaes — 48 48 0-06 86-2 1.3 13-8
Y —100 48 0.04 90-8 1.3 17-3
Teveverians [N —150 48 0.04 90.8 1.3 18-5
- F N -200 48 0045 89.7 1.9 23-8

Tests Nos. 9 and 10—Amalgamation and Cyanidation

Samples of the ore, crushed dry to pass through 48- and 100-mesh
screens, were amalgamated with mercury in jar mills for 30 minutes.
The tailings were assayed for gold.

Summary Tests Nos. 9 and 10: Amalgamation:

Teed sample: 0-435 oz/ton

Tailing

. Recovery

Test No. Mesh assay, !
gold, oz/ton| PET cent
B ittt e et esee e e et as s — 48 0-24 44.8
10u sttt s it e e e s e eyt e e —100 0-20 54:0

Samples of the amalgamation tailing were agitated in cyanide solution,
f2-0 p(ignds KCN, per ton for 24 hours. The cyanide tailings were assayed
or gold.

Summary Tests Nos. 9 and 10—Cyanidation:

Amalga- [ oo Reagents
mation yanide : consumed
1 tailing | Extraction, '
Test No. gsélsl;r;’% ASSRY . por cent 1b/ton
gold, oz/ton|201ds 0z/ton KCN | CaO
9..... TSN 0-24 0045 44.8 1-00 14-6
100ttt N 0.20 0:05 34.5 1-10 16-6

Test No. 11—Flotation

The ore, at —14 mesh, was ground in a ball mill for 30 minutes and
then floated.

... 2,000 grammes
... 1,600 c.c.
. 7-0 1b/ton




Reagents to cell:

Potassium amyl xanthate.......ooovviiiiiiiieniiiniiniiiiininin 0-20 1b/ton
Pine oil 010 *
Copper sulphate 1-0 ¢

Summary Test No. 11:

Wi Assay Distribution
Weight, '
Product gold, of gold
per cont oz/ton per cem’;
TFlotation concentrate............... e Chraees Ceeeenns .. 29-6 1-18 93-10
Average flotation tailing.......... 70-4 0-036 6-90
Feed (cal.)............ e e 100-0 0-37 100-0

Screen Analyses of Flotation Tailing:

Weight, Assay,

Product gold,
per cent o7/ton
B L1 - W 7:2 0-11
—200 mesh 92-8 0-03
Average tailing (cal.)...ovvrviereniniiinenann, e aaan 100-0 0-036

Test No. 12—Amalgamation and Flotation

The ore was ground in a ball mill for 30 minutes and the pulp amal-
gamated with mercury in a jar mill for 30 minutes. The amalgamation
tailing was then floated.

Charge to ball mill:
2,000 grms. at

—14 mesh
1,500 c.c.
Reagents to cell:
Sodaash....ccoooveieneiiinnennnn. 5-0 lb/ton
Potassium amyl xanthate.. 0.20 “
Pineoil.....coovvvrinenininininns 0-10 «
Copper sulphate..............c.oenes 1-0

Summary Test No. 12:

: Assay, [Distribution
Product Vzglg‘};& gold, of gold,
p oz/ton per cent
Flotation concentrate.....ocvvvvrsrreeerieeriienrianienenas 282 0-48 80-7
Flotation tailing...... . 71-8 0-045 19-3
Amalgamation tailing (cal.) 100-0 0-168 1000
Recovery by amalgamation.......o.ooviieiiiiniiiinnas 61-4 per cent total gold
Recovery in flotation concentrate.........ooeeviivnenaen. 31-2 “ “
Total recovery........ et erereeshieaaiaees .. 92-6 “ «“

84712—10
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SUMMARY

Samples Nos. 1 and 2. 'These samples were collected from the Sonora
deposit under the divection of E. B. Webster, and represent a large tonnage
of oxidized material that has been determined as pre-Glacial in age.
The deposit is not considered extensive enough for large-scale mining with
mechanical shovels, but it has been suggested that if some simple method
requiring an inexpensive plant could be found that would recover sufficient
gold, prospectors and unemployed men might be encouraged to work this
oxidized material.

The test work described was to determine if the gold could be recovered
by some method such as by sluice boxes equipped with either riffles or
blankets or by amalgamation. The microscopic examination and the
test work performed show that the gold is present in a very fine state,
and that blankets, riffles, or traps would not recover it. However, it was
found that over half the gold could be recovered by amalgamation, pro-
vided the material were crushed to 14 or 20 mesh before passing it over
the amalgamation plates. Some type of impact amalgamator, such as
the Gibson, would be more efficient on this class of ore than stationary
plates. '

The possibility of prospectors or unemployed making wages by working
this material is not very encouraging. Taking gold at $35.00 per ounce,
the recoverable value per ton would be only $1.10.

Sample No. 8. This material represents the fresh rock underlying
the oxidized material on the Amisk deposit. The grade, as shown by assay,
is 0-43 ounce gold per ton. The prineipal sulphide in the ore is arseno-
pyrite, but the experimental tests show that it does not make the ore
refractory.

Cyanidation gave recoveries of over 90 per cent.

Sample No. 4. This sample was collected from the Amisk deposit
by George Bottoms, mining engineer for the Amisk Syndicate, London.

The grade of the material is much higher than that of the ore from the
Sonora deposit, but the experimental tests show a much lower percentage
‘recoverable by amalgamation. The grade of the material, according to
the assay of the sample, is 0-52 ounce per ton and the amount recoverable
by amalgamation was only 32.7 per cent—which is equivalent to about
$6.00 per ton, when the ore is ground to 14 mesh.

It might be possible, therefore, to work this higher grade material
profitably by using some type of simple grinding mill followed by amal-
gamation.
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?

Ore Dressing ahd Metallurgical Investigation No. 571

CONCENTRATION AND CYANIDATION OF GREENE STABELL ORE

Shipment. Shipments consisting of two lots of ore and one of flotation
concentrate were received. The first lot of 30 pounds was received from
H. A. Kee, April 3, 1933, shipped from the Dorr Company of New York.
The second lot of ore weighing 76 pounds and one lot of flotation concentrate
which arrived February 15, 1934, was received from B. H. Budgeon,
Manager of the Greene Stabell mine.

ExpERIMENTAL TmSTS

The experimental tests were to determine what results would be ob-
tained by cyanidation. The later shipment of ore was for checking the
results obtained on previous shipments. The concentrate was examined
to note if any gold contained in it could be recovered by amalgamation.

The report is divided into two parts, “A” and “B”. The first part
deals with the shipment of H. A, Kee, and the second part with that of
B. H. Budgeon.

Part A

The sample was crushed and sampled and found to contain 0-61
ounce of gold per ton and 0-50 per cent copper.

CYANIDATION OF RAW ORE

Test No. 1

A sample of the ore was ground to minus 100 mesh and cyanided
for 24 hours, 1 :3 dilution with cyanide solution maintained at approx-
imately 1 pound KCN per ton. Lime was added at intervals so as to
maintain an alkalinity of about 0:3 pound lime per ton of solution. After
completion the test was filtered and water-washed with 10 per cent the
volume of solution.

This solution was added to a fresh sample of ore, brought to 1 pound
KCN per ton and sufficient lime added. This was repeated for 7 cycles.
After the fourth cycle, the solution was precipitated with zine dust.

8471210}
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Feed, Tailing, Extrac- Reagent consumption
Cycle No. gold, gold, tion,

oz/ton oz/ton per cent KCN Ca0
0-61 0-05 91.8 6-0 7.0
0-61 0.05 91.8 6-9 6-0
0:61 0-09 85.2 57 61
0-61 0-085 86-1 57 60
0-61 0-08 ,86-9 54 54
0-61 0-065 89-3 4-6 54
0-61 0-065 89:3 4.95 55

At the end of the run, the solution was analysed and found to contain
2 pounds copper per ton.

It will be noted that the copper sulphides in this ore are strong
cyanicides consuming from 5 to 7 pounds KCN per ton.

TFrom each 100 tons of ore treated approximately 28 pounds metallic
copper would be precipitated in the zinc presses.

FLOTATION AND CYANIDATION

Test No. 2

In this test, the ore was ground minus 65 mesh with 64 per cent
minus 200 mesh. Three pounds lime per ton was added to the mill.
After grinding, 0-10 pound sodium xanthate and 0-06 pound pine oil
were added and a rougher concentrate removed. This was cleaned once
and the cleaner tailing added to the flotation tailing which was then
cyanided after filtering with a 1 pound XCN per ton solution, 1 : 3 dilution.
Lime was added to supply protective alkalinity.

Flotation:
Distribution of
iorl Assay metals, per cent
Product gl?%&fﬁ God o
old, opper,
oz/ton per cent Gold Copper
T 100-00 0-61 0:50 100-00 100-00
“ (eal)....... N 0-54 (111 18 PR AU
Concentrate . 1-39 14.03 27.34 36-1 74.8
Tailinges v iieiiiiiriiiiniieaens 98-61 0-35 0-13 639 25.2
Ratio of concentration, 72 : 1
Cyanidation:
Feed Tyt Total Reagent
e feed, 'ailing, s extraction, consumption
Agﬁi(;)ztf::n, gold, gold, ' Eﬁ;ﬁ%ﬂfi’ ' | flotation 1b./ton !
oz/ton oz/ton and —
cyanidation] KCN CaO
D SN 0:35 0-09 748 852 24 4.1
48 i 0-35 0-045 87.1 02:6 2.7 4.1
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The results show that after floating off a concentrate, which assays
14 ounces gold and 27 per cent copper, with a ratio of concentration of
72 : 1, the residue containing 0-35 ounce gold can be cyanided to 0-045
ounce, a total recovery of 92-6 per cent of the gold. The cyanide consumed
is 2-7 pounds KCN per ton as against 5 to 7 pounds on the raw ore. A
total of 7 pounds lime per ton for the combined process is noted.

AMALGAMATION OF FLOTATION CONCENTRATE

Test No. 3

In order to determine the amount of gold that could be recovered
by barrel amalgamation of the flotation concentrate a large sample of the
ore was ground with 2 pounds lime per ton to pass 65 mesh with 72 per
cent minus 200 mesh. A rougher concentrate was then removed by
adding 0-10 pound sodium xanthate and pine oil. This was not cleaned
but ground 98-7 per cent minus 325 mesh and amalgamated.

Wolah Assay Distribution of metals
Product eight,
per cent, Gold, Copper,
oz/ton per cent Gold Copper

T Y P 0:61 0:80 [..ovevvnvenifeennannannss
Tlotation concentrate (cal.).......|..oo.vuuens. 006 ..o e
Amalgamation..........c.oovveiis]iecveniiinei]ivneeiiiann o 324 i
Tlotation concentrate amalga-

MALION. 1\ \vrreneennaninss 4.3 553 10-40 39:0 94.0
TFlotation tailing..........o.o0ve 95-7 0-19 0-03 29-8 6:0

The results indicate that 70:2 per cent of the gold was recovered
in the rougher flotation concentrate. By amalgamation 31-2 per cent of
the gold in the feed was recovered from this, leaving a product assaying
5-53 ounces gold and 10-4 per cent copper.

The investigation shows that straight cyanidation of the ore is not
practical, as from 5 to 7 pounds of cyanide and 5% to 7 pounds lime per
ton will be consumed. In addition a large amount of copper will go into
golution, resulting in fouled solutions and very low-grade bullion.

It therefore becomes necessary to remove most of the copper before
attempting cyanidation. A high-grade copper concentrate can be made
ag shown in Test No. 2. Approximately 40 per cent of the gold can be
‘recovered by barrel amalgamation as shown in Test No. 3. The residue
from amalgamation will have to be shipped to a refinery.

Whether barrel amalgamation should be carried out can best be
determined by a study of the difference between treatment charges on a
high-grade concentrate and those on one from which 40 per cent of the
gold has been removed, plus cost of barrel amalgamation, and the advan-
tages of ready cash from bullion recovered.

Tlotation followed by cyanidation of the flotation tailing will result
in an overall recovery of over 90 per cent of the gold in the ore and cyanide
consumption should not be in excess of 2 to 3 pounds per ton. Seven
pounds of lime per ton should be sufficient for flotation and cyanidation.
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Grinding should be done in water with 1% to 3 pounds lime per ton. The
classifier overflow should enter a conditioning tank where the flotation
reagents are added, If mechanical cells are used, frothing oil should be
added to the cells.

The flotation tailing should be thickened and filtered, repulped with
cyanide solution containing approximately 1 pound KCN per ton, and
lime added to maintain protective alkalinity, The pulp should be agitated
for at least 48 hours, thickened, filtered, repulped and refiltered before
discarding. '

} The precipitating apparatus should include a clarifying tank, Merrill
Crowe vacuum tank, zine dust feeder, and precipitate press.

The flotation concentrate will require a thickener, preferably a Genter,
and a small filter followed by a drier before bagging the product for ship-
ment,

Adequate apparatus for flotation control should be provided, such as
specific gravity cans, balance, measuring cylinders, flotation test machine,
and sample filters.

Part B

Mill Concentrate. The 20-pound lot of concentrate was sampled,
assayed, and found to contain 27-3 per cent copper, 27-7 per cent iron,
28-6 per cent sulphur, and 9-81 ounces gold per ton.

Amalgamation failed to recover any appreciable quantity of gold
from this product, either as received or after regrinding. .

The sample apparently had been amalgamated prior to its arrival,

Mill Feed. The sample submitted was sampled and assayed and
found to contain 0-84 per cent copper, 0:-52 ounce gold per ton.

FLOTATION AND CYANIDATION

Test No. 1

A sample of the ore was ground wet to pass 68 per cent through 200
mesh. Three pounds of lime per ton was added to the mill during the
grinding period. .

The pulp was transferred to a flotation machine, 0-10 pound sodium
xanthate and 007 pound pine oil were added and a concentrate removed.
This concentrate was not cleaned.

The flotation tailing was then filtered and cyanided for 48 hours,
1:3 dilution, with a 1-5 pound per ton KXCN solution and 6 pounds of
lime per ton ore.

Distribution,
Product Weight, Assay per cent
roduc )
per cont Gold Copper, )
oz/ton per cent Gold Copper
Teed (cal)yuerieeinniiniinennnnns 100:00 0-51 - 085 100-0 100-0
Concentrato,......coovvnvinrunens 3:56 7-32 2260 51.0 94.3
Tailing...eeeieereerinensnernnns 96-44 0-26 0-05 49-0 5.7
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Cyanidation of the flotation tailing for 48 hours reduced the gold
content to 0-055 ounce per ton with a consumption of 21 pounds sodium
cyanide and 5-2 pounds lime per ton ore.

Test No. 2

An additional test was made to note the effects of finer grinding.
A sample was ground to pass 91 per cent through 200 mesh. Other con-
ditions were the same as in Test No. 1, except that 0-05 pound sodium
xanthate was used in place of 0+10 pound.

Distribution
. Assay per cent
Product Weight Goa G
old, opper
oz/ton per cent Gold Copper

) Feed (cal.)uvvreenerernrnenennenes 100:00 0-54 0-89 100-0 100-0
Coneentrate..ooee.euvrenevnrnnas. 4.06 876 21-15 65:0 957
Tailing., . cvveverrienrrnnrenennnns 9594 0-20 0-04 350 4.3

Cyanidation for 48 hours reduced ‘the flotation tailing to 0-03 ounce
gold per ton, a recovery of 94.7 per cent by flotation and cyanidation,
19 pounds sodium ecyanide and 6-0 pounds lime per ton were consumed.

SUMMARY AND CONCLUSIONS
Fine grinding is necessary to obtain a low tailing for cyanidation.

The sample responds to flotation and cyanidation in the same manner
as all previous lots tested. The ratio of copper to gold is somewhat higher
than in previous shipments. It is fast floating and no trouble should be
encountered in making a tailing low in copper. The percentage of this
metal in the feed to the cyanide plant has a direet bearing on the cyanide
consumption.

Part of the gold can be dropped from the rougher flotation concentrate
by cleaning. The cleaner tailing may be added to the flotation tailing
if low in copper without materially increasing reagent consumption.

Amalgamation, as indicated in former test work, will recover part
of the gold in the concentrate. This investigation, therefore, adds nothing
to former reports on the ore from this mine. Previous test work and
recommendations are herein reiterated*.

1 Mines Branch, Dept. of Mines, Canada, Invest. Ore Dressing and Metallurgy, 1029, Rept. 720, p. 116; Rept.
736 (1932), p. 123.
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Ore Dressing and Metallurgical Investigation No. 572

SINTERING TESTS ON FLOTATION CONCENTRATE FROM THE BEATTIE
MINE, DUPARQUET TOWNSHIP, ABITIBI COUNTY, QUEBEC

Shipment. A sample shipment of flotation concentrate from the
Beattie mine, Duparquet township, Abitibi county, Quebec, weighing
300 pounds, was submitted for sintering tests to determine how much
of the arsenic could be removed and the character of the sinter produced.

Experimental test work conducted to date on Beattie ore has shown
that the ore is not amenable to cyanidation, only about 65 per cent of the
gold being recoverable. Cyanidation of the flotation concentrate gives
about the same recovery of the gold in the concentrate. The gold is very
closely associated, for the most part, with the pyrite and arsenopyrite
minerals, which are very finely disseminated through the gangue rock,
requiring very fine grinding to free them. Concentration by flotation
of the finely ground ore, with the production of a sulphide concentrate,
is the first step in its treatment. At present the concentrate is being
shipped to a smelter.

Two methods of treatment are suggested for the concentrate. Firstly,
roasting in a suitable roasting furnace and cyanidation of the roasted
concentrate, and, secondly, roasting with or without copper concentrate,
smelting in a reverberatory furnace with copper ore or concentrate to
matte and converting to blister copper; or sintering with copper concen-
trate, smelting in a blast furnace and converting to blister copper. The
sintering tests were conducted to obtain data on the latter method of
treatment.

EXPERIMENTAL SINTERING TESTS

The concentrate used in the preliminary tests was obtained from
some on hand from the flotation of the ore in the Ore Dressing and Metal-
lurgical Laboratories and assayed 14-54 per cent sulphur and 2-50 per
cent arsenic. A screen test showed 84-4 per cent to pass a 200-mesh
sereen.,

The concentrate used in the later tests was from recent mine pro-.
duction and assayed 39-71 per cent sulphur and 5-85 per cent arsenic.

The copper concentrate used for the mix was some on hand at the
Ore Dressing and Metallurgical Laboratories, and assayed 11:87 per cent
copper and 31-26 per cent sulphur. A screen test showed 64:4 per cent
to pass a 200-mesh screen.
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Series A
UNMIXED BEATTIE CONCENTRATE (14.54 PER CENT SULPHUR GRADE)

This series of tests was made in order to work out some of the practical
features of the problem before using the more recent 300-pound shipment.
In view of the success that some have apparently met with in the sintering
of properly prepared finely divided sulphide material without the use of
any ‘“‘returns’’ or other relatively coarse material, it was decided to carry
out tests along these lines. To achieve success with such finely divided
material, it must be mixed in such a manner as to “pelletize” it, i.e. convert
it from a fine powder into the form of small balls. A mixer capable of
producing commercially such a result is said to have been developed by
Stelhi, of the Dwight & Lloyd Company.

In this work the mixing was done in a small tumbling-barrel, which
with careful supervision achieved a satisfactory pelletization of the con-
centrate.

The sintering was carried out in a 12-inch by 48-inch Dwight &
Lloyd continuous sintering machine. The results obtained were irregular.
In all, six runs were made. With thick beds, 35 or 4 inches, the arsenic
sulphide distilled from the upper layer condensed in the mix just above
the grate, thereby preventing the air from being drawn through, and
rendering sintering impossible. With beds about 2 inches thick results
were better, the material being well roasted but not always fused well
enough to be classed as a satisfactory sinter. However, since this pelletized
material, composed entirely of Beattie concentrate, did in some cases pro-
duce a satisfactory product when sintered in thin beds of 2 to 2% inches,
it may be assumed that it could be done regularly by an experienced oper-
ator.

The results obtained in those runs in which conditions were satisfactory
are summarized below.

}%nalysis
of sinter
Charge (ib.) Depth
Run No. bed Sul- Ar- Remuarks
c inoh és phur, | senic,
oncen- ’ per per
trate Returns | Water cent cent,
P 210 Nil 315 2% 2:64 0-34 |Not well sintered
B6.cooovrvvunn 190 Nil 13:0 2 10.72 0-03 |air sinter
Series B

BEATTIE CONCENTRATE (14-54 PER CENT SULPHUR GRADE)
- PLUS “RETURNS"

In most, if not all, commercial sintering operations there is always
some fine sinter and semi-sintered material in the product that have to
be screened out and returned to the sintering plant for re-treatment.
The mixing of such “returns” with the finely divided concentrate gives
a mix with greatly increased porosity and makes possible the production
of a much better sinter.
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Series B consists of tests made on mixes made up of raw concentrate
plus “retwrn”’ material from Series A. As in Series A, care was taken,
in the mixing of the charge, to “pelletize’” it as completely as possible.

The results of the tests are summarized below. In general, it can
be said that with the addition of “returns” in the proportion of one of
return to three of concentrate a satisfactory sinter, chemically and phy-
sically, is obtained.

Analysis
Charge (Ib.) Depth of ginter
Run No. bgfi Sul- Ar- Remarks
Concen-~ inches p}l;:;‘, sc}e]r;c,
trate Returns | Water cont cont
75 25 13 2 9.00 0-03 |Good ginter
75 25 11:5 3 9.67 0:02 |[Fair sinter
Series C

MIX OF BEATTIE CONCENTRATE (14-5¢ PER CENT SULPHUR GRADE), COPPER
CONCENTRATE, AND “RETURNS"

As in the tests in Series A and B, the mixing was carried out in such
a manner as to “pelletize’” the mix as completely as possible. The results
are summarized below, and it will be seen that good sinters, chemically
and physically, were obtained.

Analysis
Charge (1b.) Depth of sinter
Run No. G bggl §u1~ Ar- Remarks
opper : ! phur senie,
C&r;%%n- concen- | Returns | Water inches per’ per
trate cent cent
B 10.......... 66 34 33 15 23 951 0-01 {Good sinter
B 1l.......... 66 34 25 14 21| 10.43 0-01 [Good sinter
Series D

MIX OF BEATTIE CONCENTRATE (39-71 PER CENT SULPHUR GRADE), COPPER
CONCENTRATE, AND “RETURNS"

In this series of tests the high-grade concentrate now being made
at the Beattie property was used. In view of the results obtained in the
preceding series of tests and of the probability that the proposed smelter
would operate on a mixture of copper concentrate and Beattie conceéntrate,
a mix composed of these two materials together with a commercial pro-
portion of retwns was decided upon.

The results are given below, and show that a physiecally good sinter
was obtained, and that, although the arsenic content is higher than that
obtained with the low-grade Beattie concentrate, it is low enough for
practical purposes.

e




i

151

Analysis of ginter
Charge (Ib.) Depth

Run No. G boé E}}lul- Ar- G i Remarks

Concen] CoPPeT| o bed, | phur, | senic, old,

concen- ‘Water | inches per per | oz/ton

trate trate turns cent cent
B12....... 100 50 38 16-0 2+ | 10-82 | 0156 2.22 |Good sinter
B13....... 104 52 24 17.5 2% | 10-10 0.12 208 |Good sinter
CONCLUSION

Tests show that the sintering of flotation concentrate from the Beattie
mine, without the admixture of “returns’ or other coarse material is
possible though difficult.

They also show that under the more probable practical conditions
that obtain in commercial work, in which a certain amount of “returns”
together with a proportion of copper concentrate would be included in
the mix to be sintered, a satisfactory sinter, chemically as well as physically,
can readily be obtained.
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Ore Dressing and Metallurgical Investigation No. 573

GOLD ORE FROM THE McWATTERS GOLD MINE AT ROUYN, QUE.

Shipment. A shipment of seven bags of ore, net weight 375 pounds,
was received February 17, 1934. Another shipment of seven bags of ore,
net weight 550 pounds, was received March 13, 1934. The samples were
submitted by W. J. Hosking, Manager, McWatters Gold Mines, Limited,
Rouyn, Quebec.

Characteristics of the Ore. Six polished sections were prepared from
specimens of rock taken from the first shipment and examined microscopic-
ally.

The gangue of the first shipment consists chiefly of fine-textured,
grey, banded and somewhat schistose siliceous country rock, which contains
numerous veins of smoky grey to glassy quartz. Locally, fine tourmaline
needles are abundant in both the quartz and the country rock adjacent.

The metallic minerals determined in the polished sections from the
first shipment are, in their order of abundance, pyrite, arsenopyrite,
pyrrhotite, magnetite, chalcopyrite, and ilmenite.

Pyrite occurs most commonly as narrow irregular veinlets in quartz,
and more rarely in country rock. It is also disseminated in the country
rock in small amounts.

Arsenopyrite forms Jarge crystals or masses in both quartz and country
rock. Where it is associated with pyrite it is veined by this mineral,
and in rare cases is included as small well formed crystals in pyrite.

Pyrrhotite is disseminated in irregular grains in the country rock.
It is minor in quantity.

Magnetite is disseminated in small irregular grains in country rock.
It contains a few fine lamell® of ilmenite.

Chalcopyrite is rather common in the country rock, where it occurs
. as finely-disseminated grains, generally elongated parallel to-the schistosity.
A minor amount also occurs as fine veinlets in country rock and as tiny
inclusions in pyrite.

No native gold was seen in the polished sections. An examination
of specimens under the binocular microscope, however, revealed native
gold in irregular grains and fine discontinuous veinlets in quartz, as irregular
grains at the boundaries of quartz and dark silicates that oceur within
quartz. The occurrence of the gold is sporadie, which accounts for its
absence from the polished surfaces.



153

No polished sections were prepared from the second shipment but
specimens were examined under the binocular microscope. This sample
appears to be similar in character with that of the first shipment, except
that two points of difference were observed as follows: (1) There is
more country rock and less quartz in the second shipment; (2) Native gold
‘was not seen in specimens from the second shipment.

Average assays of samples from the two shipments were as follows:—

Tirst shipment. .ooovvrviiini i ininiieniennnenn 4.18 oz./ton in gold
Second S8hIPTNENt. v ovueeireenriaerrisiernrerennss 0:315 * “

ExXPERIMENTAL TESTS

A series of small-scale tests was made on a mixture of the two ship-
ments of ore to determine in particular whether a worthwhile recovery
could be made by blanket concentration of the ore and barrel amalgamation
of the blanket concentrate. Amalgamation and cyanidation tests were
also made on the ore, ground dry to different sizes. The mixed sample
assayed 1-91 ounces per ton in gold and 98-7 per cent was extracted in
48 hours by cyanidation when the ore was all crushed through 150 mesh.
In this case the tailing assayed 0-025 ounce per ton in gold. When the
ore was all crushed dry through 200 mesh, however, extraction fell off
considerably for a reason as yet undetermined. By barrel amalgamation
of the ore crushed dry all through 48 mesh 64-4 per cent of the gold was
recovered. By blanket concentration of the ore, ground in a ball mill
883 per cent through 200 mesh, 72-7 per cent of the gold was recovered
in a blanket concentrate amounting to 4-2 per cent of the weight of feed
used. The blanket tailing assayed 0-48 ounce per ton in gold. By barrel
amalgamation 94:4 per cent of the gold in the blanket concentrate was
recovered as amalgam. This represents a net recovery of 68:6 per cent
of the total gold in the ore.

Details of the tests follow:—

CYANIDATION
Tests Nos. 110 8

BSamples of the ore ground dry to pass through 48-, 100-, 150-,
and 200-mesh screens were agitated in cyanide solution, 2-0 pounds
KCN per ton, for periods of 24 and 48 hours. The cyanide tailings were
assayed for gold.

Summary:
Teed sample: 1-91 oz/ton
. o Reagents consumed
’11;?513 Mesh f;iﬁ‘iiozf' Es;g;% Extraction, 1b/ton '
0- hours  |gold, oz/ton| PEF cent KCN Ga0
1 24 0-105 94.5 1-6 12-0
2 24 0:05 97-4 3-1 14-1
3 24 0-04 97-9 3:4 141
4 24 0-17 91-1 3.7 14.5
5 48 0:035 922 1.7 Ll
6 48 0-03 98-4 4-2 151
7 48 0-025 98-7 4.4 15:2
8 48 0-105 94-5 8:1 315
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No explanation can be given for the high cyanide tailing from the
200-mesh sample. An amalgamation test on a sample of cyanide tailing
from Test No. 8 failed to extract any of the gold, and this is good evidence
that the high assay is not due to the presence of coarse gold.

GRINDING TESTS ON THE ORE

"In order to determine the grindability of the ore, samples of it were
ground in ball mills for different periods of time and after -being filtered
and dried were passed through a series of screens. The fraction caught
on ‘ealmlch sereen was weighed and caleulated to terms of percentages of total
welght.

The results may be tabulated as follows:—

Period {Weight, |Weight,| Weight, | Weight, | Weight, | Weight, | Weight, {Weight,
. of~ per centiper cent! per cent | per cent | per cent | per cent | per cent (per cent Total
gnpdlng. +28 |-28+4-35|—385+48 —48-4-65 | —65-4100(—100-+-150{—150--200] —200
minutes | mesh | mesh mesh mesh mesh mesh mesh mesh
5 14 4.5 7-0 121 121 10-6 10-0 42.3 100-0
10 [........ 0-1 1.1 4.3 9.8 12:5 15-4 56:8 100-0
1 S R Y PR 0-5 38 7-2 157 72-8 100-0
200 [oooeii i e 0-1 1.7 4.8 131 803 100-0
2 R R T 05 2.3 8:9 883 1000
| O Y PO PP 0-3 1-8 89 89-0 100-0

AMALGAMATION AND CYANIDATION

Tests Nos. 9 and 10

Samples of the ore ground dry to pass through 48- and 100-mesh
sereens were barrel-amalgamated with mercury for 30 minutes. The
amalgamation tailings were sampled and assayed for gold and portions
of each agitated in cyanide solution, 2.0 pounds KCN per ton, for 24
hours. The cyanide tailings were also assayed for gold.

Summary:
Feed sample: 1-91 oz./ton
Amalga- Cyanide Extrac- Extrac- | Reagents consumed,
mation tailing tion by tion by 1b/ton
Test No. tailing assizdy, amalga- (fyuui-
assay, gold, mation, ‘dation
eold, oz/ton| oz/ton per cent per ceu% KON Ca0
Dt 0:68 0-13 644 288 1-3 13-1
100c0iiiiiiiiennns 07 0-015 62-8 36-4 2.1 15-3

BLANKET CONCENTRATION
Tests Nos. 11 to 18

A series of small-scale tests was carried out to find what recovery
could be obtained by blanket concentration. The ore, in 2,000-gramme
lots, was ground in ball mills for different periods of time and each lot
passed over a corduroy blanket set at a slope of 2.5 inches per foot. The
products were weighed and assayed for gold, and recovery in the blanket
concentrate was calculated for each lot treated. The grinding most
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guitable for this operation was thus determined and a confirmatory test
was carried oub using 10,000 grammes of ore. A barrel-amalgamation
test was also made on this blanket concentrate after it had been reground.

Summary:
Period of : Assay, Distribution
Test No. | grindipg, Product Vg?%g& gold, of gold,
minutes p oz/ton per cent
1 5 [Concentrate......... 59 2394 66-4
Tailing............. 04.1 0:76 33-6
TFeed (cal.).vvvuvenn. 100-0 2-13 100-0
12, iiiiiiiiiiiiiiiann 10 |Concentrate......... 52 2342 628
Tailing.....oceevse. 94.8 0-76 37:2
Feed (cal.)..ovevnn. 100-0 1.94 ~ 1000
13......0 i, 15 |Congentrate......... 53 20-37 69-1
Tailing. .......e0eu. 94.7 0-51 30-9
Feed (cal.).ooevers.. 100-0 1-56 100-0
T 20 |Concentrate......... 4.2 2997 70-3
Tailing. ....covveen. 95-8 0-45 29.7
TFeed (cal.).vuevens.. 100-0 179 100-0
L T 25 |Concentrate... 4.6 26-14 746
Tailing...... 95.4 0-43 254
Feed (cal.).. 100-0 1-61 100-0
L 30 [Concentrate... 4.3 24-80 743
Tailing. .. 95-7 0-385 25-7
Feed (cal.) 100-0 1-43 100-0
W eireeiesiiienieinnn, 35 |Concentrate......... 55 1784 69-3
Tailing........vv0n. 94.5 0-46 30.7
Feed (cal.).......... 100-0 1-42 100-0
18 iiii e 25 |[Concentrate......... 4.2 29-09 72-7
Tailing........ou0. 95-8 0-48 27-3
TFeed (cal.).......... 100-@ 1-68 100-0
Concentrate
amalgamated.. ... 4.2 163 |.oiiieveinnins
Net recovery as amalgam, 94.4x72-7...........cc00t 68-6 per cent total gold
CONCLUSIONS

Tor efficient operation the ore should be treated by cyanidation.
In order to keep coarse gold out of the agitators a hydraulic trap,
blankets, or amalgamation plates should be used after the grinding circuit.

Approximately 70-0 per cent of the gold can be recovered by a blanket
concentrate, but the blanket tailing is much too high in gold to be dis-
carded.

However, a blanket plant could be operated temporarily and the
blanket tailing impounded for further treatment later on, possibly by
cyanidation. The blanket concentrate would be barrel-amalgamated
and the amalgamation tailing re-united with the blanket tailing for further
trea;tment. This would give a fair return from the ore with a small initial
outlay.
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Ore Dressing and Metallurgical Investigation No. 574

GOLD ORE FROM MATACHEWAN, ONTARIO

Shipment. Three shipments of ore were received, No. 1 weighing
84 pounds and No. 2 weighing 102 pounds, on March 7, 1934 No. 3, weigh-
ing 50 pounds, on March 21, 1934.

The shipments were submitted by C. A, Floyd for the Arbade Gold
Mines, Limited, Matachewan, Ontario.

Characteristics of the Ore. The gangue consists chiefly of fine-textured,
pink siliceous rock containing a small amount of calcite in small dissemi-
nated grains and irregular stringers; this is crossed by veins of white quartz.
A very small amount of leucoxene (?) is present as small grains in the
siliceous gangue.

The metallic minerals in the polished sections are pyrite, “limonite”,
and native gold, Pyrite occurs mostly as small disseminated cubes and
irregular grains in the pink siliceous gangue, but a less amount is present
as coarse grains in the quartz. It is much fractured, and the fine fractures
have been filled with later gangue, and locally with “Yimonite"’.

Native gold was seen only in the coarse pyrite associated with the
vein quartz. THere small grains of gold occur either against pyrite grains
or associated with gangue in the fine veinlets cutting the pyrite. One
small rounded grain was seen within pyrite.

The small number of grains of gold does not allow of a grain analysis.
It is estimated, however, that the grain size of the gold ranges between
200 mesh and —1 ,600 mesh and that the average size may be somewhat
below 200 mesh. Owing to the mode of occurrence of the gold seen,
it is probable that grinding will be very efficient in liberating most of the
metal, as it is quite likely that breaking w111 follow the fractures in the

pyT 1te

Sampling and Analysis. The ore was crushed and sampled by standard
methods. It assayed as follows:—

Shipment No. Lo eiveioiieiieiienrierusreieroraresnrnesenes Gold  0-225 oz/ton
Shipment NO. 2. iviisiviienenernternenirrsrsnsrrieeenrianss Gold 0-12 ¢
Shipment No. B uueesinrneentiirienrnrreneessnsnsennienes Gold 0-185 ¢

ExprriMENTAL TEsTS

The experimental tests were carried out on Shipment No. 1 and
Shipment No. 3 only.
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Shipment No. 1
The following tests were made on Shipment No. 1:—
Amalgamation tests.
Straight cyanidation tests.
Cyanidation followed by tabling.
Blanketing followed by flotation.
Cyanidation of blanket concentrate.
Straight flotation tests.
Cyanidation of flotation concentrate.
Plate amalgamation followed by blanketing,

PN

Summary of Tests

1. Amalgamation showed 75:5 per cent recovery at —48 mesh,
and 78 per cent recovery at —65 mesh.

2, Straight cyanidation showed recoveries as follows: For 24-hour
period: —48 mesh, 87 per cent; —65 mesh, 91 per cent; —100 mesh, 95-5
per cent; —150 mesh, 98 per cent. For the 48-hour period, the recoveries
were 89 per cent, 93 per cent, 95 per cent, and 95 per cent respectively
for the same sizes as above. ‘

3. Cyanidation extracted 92 per cent; the tabling, 62 per cent of
the remainder; making a total of 97 per cent recovery.

4. Approximately 80 per cent of the gold was saved on the blankets
and 81 per cent of the rest recovered by flotation, an overall recovery
of 96 per cent.

5. Cyanidation of blanket concentrate. Concentrate assayed 2-48
ounces gold per ton, tailing 0-04 ounce gold per ton, recovery 98 per cent.
Reagents consumed: KCN at the rate of 1-2 pounds per ton, and lime
at the rate of 8 pounds per ton.

6. In the straight flotation tests the concentrate assayed 5-34 ounces
per ton, with recovery of 94 per cent. The ratio of concentration was
33 : 1. Finer grinding gave 97 per cent recovery; assay of concentrate,
5-62 ounces per ton; ratio of concentration, 32 : 1.

7. Cyanidation of flotation concentrate. Concentrate assayed 4-66
ounces gold per ton, cyanide tailing 0-17 ounce gold per ton, recovery
96 per cent. Reagents consumed: KCN at the rate of 6-75 pounds per
ton, and lime at the rate of 28 pounds per ton.

8. Plate amalgamation gave 50 per cent recovery; blanket concen-
tration, 42 per cent of the rest; overall recovery, 71 per cent.

AMALGAMATION

Test No. 1

Representative samples of the —14-mesh ore were crushed dry to
pass 48- and 65-mesh screens.

The ore was amalgamated with mercury by barrel amalgamation in
an Abbé jar mill at a pulp dilution of 1 : 1.
8471211
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Screen tests were made on the tailings:—

—48 —65
Mesh No. weight, weight,
per cent per cend
— 48-- 65 576 |iviains
— 65100 23-80 13:60
—100--150 14.95 18-50
—150--200 14.80 18-60
200, s e e e et ettt e 4070 4930
The tailings were sampled and assayed for gold.
Recovery:
ﬁssa};, B :
gold, oz/ton Txtraction
Mesh No. ' por cent )
Feed Tailing
o 1 TR T T T RN P 0-225 0-055 75-56
Lot 15 T 0-225 0050 7778

CYANIDATION

* Test No. 2

Representative samples of the ore were crushed dry to pass 48-, 65-,
100~, and 150-mesh screens.

The samples were agitated in sodium cyanide solution equivalent
in strength to 1-0 pound potassium cyanide per ton.” The ratio of dilution
was one part ore to three parts of solution. Lime was added to the pulp
at the rate of 4-0 pounds per ton of ore. It was found necessary to add
more lime during the test, using approximately 7-0 pounds per ton. One
series of samples was agltated for a period of 24 hours, a second series
was treated similarly for a period of 48 hours.

A summary showing the extraction of gold and the amount of reagents
consumed in each case 1s given in the following table:—

Assay, Reagents consumed,
Period of agitation, Mesh No gold, oz/ton Extraction, 1b/ton of ore
ours * per cend
Feed Tailing KCN CaO
— 48 0-225 0-03 5.8
— 65 0:225 0-02 5.7
-100 0:225 0-01 6.2
—150 0-225 0-005 6:8
— 48 0-225 0-025 58
— 65 0-225 0.015 G-1
—100 . 0.225 0.01 65
~150 0-225 0-01 7:0
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A screen test on the —100-mesh ore shows the following grind:—

Weight

Mesh per cent
Lo T 10-8
~150-+4-200.... .. 23-9
~200 653

CYANIDATION AND TABLING
Test No. 8

A representative sample of the —I14-mesh ore was ground in a jar
mill until approximately 60 per cent —200 mesh.

The sample was agitated in sodium cyanide solution equivalent in
strength to 10 pound KCN per ton for 24 hours. The cyanide tailing
was fed to a laboratory Wilfley table.

The Wilfley table products were concentrate, middling, and tailing.

The agsay of the products shows that the table feed assayed 0-018
ounce gold per ton.

The extraction by cyanidation was 92-0 per cent. The recovery of
gold from the table concentrate was 622 per cent of the gold in the cyanide
tailing; referred to the original feed the recovery was 62-22 X 8-0=4.98
per cent. The overall recovery was, therefore, 96-98 per cent.

Summary:
Cyanidation
Assl?iy, Reage‘nig
. s gold, . consumed,
Period gfl lgsgxta,tlon, oz/ton E;ie;ll"agg‘c%n, 1b/ton of ore
Feed ' Tailing KCN | Cal
N 0-226 0-018 92-0 0-28 6-1
Tabling Test
: Assay, [Distribution| Ratio of
Products sz,lgh:é gold,’ of gold, con- Recovery, per cent
per ce oz/ton per cent | centration
Cyanide tailing . 100-00 0-018 100-00
Table feed..... ..
Table concentrate........ 4.29 0-26 6222 23:3:1 |Cyanidation.. 92:0
Table middling.......... 4003 0-01 2222 Table concen-
' tration...... 5.0
Table tailing............. 55+68 0:005 15-56 Total....... 97-0

84712—11%
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BLANKETS AND FLOTATION

Test No. 4

Tour representative samples of the —14-mesh ore were ground in
a jar mill for different periods of time.

The ground pulp was passed over an experimental blanket table.
The table was set at a slope of 2% inches to the foot.

The blanket tailings were filtered and charged to a Denver Sub-A
Tlotation Cell and conditioned with the following reagents:—
20 lb/ton
017«
0_1 «

The pulp was floated by the addition of pine oil at the rate of 0-05
to 0:1 pound per ton.

In caleulating the recovery in this test, a calculated value for the
feed assay was used. In a blanket test there is the obvious difficulty
of obtaining all the valuable mineral from the blanket.

It was noted that with finer grinding the value of the blanket con-
centrate became generally lower, and of the flotation concentrate higher.
The overall recovery from each test was fairly constant in three tests.

Summary:
Screen Test
No. 1, No. 2, No. 3, No. 4,
Mesh weight, weight, weight, weight,
per cent per eent per cent per cent
0-55 0-10 0-05 [.oiveinenen .
6-15 2:75 1-85 0-10
12.05 8-45 6-60 1-70
2225 23-30 22-50 10-25
59-00 65-40 6900 87-95
Blanket Test No. 1 Plus Ilotatzon
. Assay, [Distribution Overall Total
Products nggé‘;‘t" gold, of gold, distribution, distribution,
perc oz/ton per cent per cent per cent
TFeed..oviieiineiiencannan 100:0 0-22 100-00 100-00 100-00
Blanket concentrate...... 5:55 3:20 80-69 8069
Blanket tailing........... 094.45 0-045 19.31
Both concentrates com-
bined give.....oviveeriiiiieens]ieriiiiiiendiiinicinindi i Ceeeraes 9672
Tlotation feed............ 100-0 0-067 100-00
Tlotation concentrate. ... 3.04 1.56 83:01 | 83-01X19-31=16-03
TFlotation tailing.......... 96-96 0-01 16-99 116-99X19-31= 3-28 3:28
Blanket Test No. 2 Plus [lotation
TFeed....... e eeereneaaes 100-00 0-27 10000 10000 100-00
Blanket concentrate . 8:77 2:70 8604 8664
Blanket tailing . 91.23 0-04 13-36
Both concentrates comn-|
bined give. oo e vvvr]ivreriiriiirfirrinererniiire i e 97.45
TFlotation feed.. . 100-00 0:05 10000
TFlotation concen 2:12 1.96 80-93 | 80-93X13-36=10-81
TFlotation tailing.... 07.88 0-01 19:07 | 19-07X13:36= 2:56 2.55
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Blanket Test No. 8 Plus Flotatzon

. Weight Assay, |Distribution Overall Total dis-
Products or gené gold, of gold, distribution, tribution,
P oz/ton per cent per cent per cent
Feed.oovvvvniviinnennnns 10000 0-17 100-00 100-00 100-00
Blanket concentrate...... 6-39 1.95 72-70 72:70
Blanket tailing........... 93.61 0-05 27-30
Both concentrates com-

bined give... BN P P Y PR 9202
Flotation feed....... 0-06
Flotation concentrat 2:46 1-92 7076 |70-76X27-3=19-32
Flotation tailing.... 97.54 0-02 29-24 129-24X27-3= 7-98 7-98

Blanket Test No. 4 Plus Flotation
Feed.......ooooviivniinn 10000 0-18 10000 10000 10000
Blanket concentrate...... 653 2.12 7668 76-68
Blanket tailing........... 93.47 0-045 23-32
Both concentrates com-

bined give......oooo|vivniiiiniifreiiiniiiieiiiiiciiin i 97-40
Flotation feed............ 10000 0-044 10000
Flotation concentrate. ... 226 1.73 88-86 | 88-86X23-32=20-72
Flotation tailing.......... 97.74 0-005 11-14 | 11.14X23.32= 2.6 2-60

In the table the recoveries are percentages of the feed in each test.
The blanket concentrate and flotation concentrate are shown separately
and combined. The flotation tailing is the final tailing in each test. It
will be seen that the blanket tailing is the feed for the flotation test in each
case. The value of flotation feed assays is determined from the calculation
of the values obtained from the products. For this reason they do not
coincide exactly with the assay value of the blanket tailing.

It will be noted that fine grinding, that is, an increase from 59 per
cent —200 mesh to 88 per cent —200 mesh, did not give much greater
recovery.

CYANIDATION OF BLANKET CONCENTRATE

Test No. 6

In this test, the blanket concentrate from Test No. 4 was treated
by cyanidation. The strength of the sodium cyanide solution was made
equivalent to 2-0 pounds KCN per ton. Lime was added at the rate of
10 pounds per ton of concentrate. The period of agitation was 72 hours.

The feed assay was calculated from the assays of the four lots of
concentrate.

The results of the tests are shown in the table following:—

Asslsz,ly, Reagentj

. orps gold, . consumed,

Period Iclch) ‘i{;sltatlon, 05/ton E;iérra:::l%n, _1_1_)_ /ton of ore
Teed | Tailing KCN | Ca0

Meiiiiniin.. S 248 0-04 98-39 1.17 8-05
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CYANIDATION OF FLOTATION CONCENTRATES

Test No. 7

A representative sample of —I14-mesh ore was ground in a jar mill
to give approximately 80 per cent —200 mesh.
The reagents added to the grinding mill were as follows:—

Soda ash...cc.coeieeniviirirennns ettt ey 2:0 lb/ton
Barrett No. 4. . uvveiiie ittt it ittt 016

The reagents added to the flotation cell were as follows:—

Sodium ethyl xanthate........cocoenvvinnn.. 01 lb/ ton, as & conditioner
Pine 0fleivervrnnrnnienrernarenonernonns 0-05 to 010 ¢ as a frother

All the concentrate made in this test was treated by cyanidation.
The solution was equivalent to 2-0 pounds KCN per ton. Lime was added
at the rate of 10 pounds per ton of concentrate. The period of agitation
was 72 hours. TFrequent tests of the solution were made, and the reagents
were added as required to maintain the strength of the solution.

The following tables show the results of flotation and cyanidation:

Results:
Flotation

Weight, Assay, [Distribution| Ratio of

Products " gold of gold, con-~
per cent oz/to'n per cent, centration
Y 10000 0-18 100-00
Flotation concentrate......ovovvivivennreninnn 3.38 4.66 8673 29.6:1
Flotation tailing.....cooviiviernrinneninvennns 9662 0025 13:27
Cyanidation
Asslazly, Reagenig
. s gold, . consume
Period o(f) l?r%xtutwn, oz/ton E;Qiuccgﬂn' B 1b/ton of ox’-e
Feed I Tailing KCN l Ca0
T2 iiiiiininiiiinnnans SN 4.66 0-17 9635 6:75 27-9

Overall recovery of gold: 96-35X86-73=83+56 per cent
STRAIGHT FLOTATION
Test No. 6
Two representative samples of —14-mesh ore were ground in a jar
mill to give 64 per cent —200 mesh and 80 per cent —200 mesh.
The reagents to the grinding mill were as follows:—

Lo £ 38T o 2+0 lb/ton
Barrett No. 4. cer oo iiiiiiriiiitiriioeriiiiietiiensneinaine 016

The reagents to the flotation cell were as follows:—

Sodium ethyl xanthate 0-1 1b/ton as a conditioner
2T 3 1 P “  asa frother
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The results are shown in the following table:—
Test No. 6, No. 1

. Assy; Distribution| Ratio of
Products vg?’fh:é gol ,’ of gold, con-

per co oz/ton per cent | centration
- 100-00 0-17 100-00
Flotation concentrate 3:05 5:34 94.34 33:1
Flotation tailing........oovvvenrnvevrnrnennnns 96-95 0-01 5-66

Test No. 6, No. 2

Feed...oovevieerenent, e e 10000 0-18 100-00
Tlotation concentrate...... v e 3:10 5:62 97.32 32:1
Flotation tailing........oovvvieriiirnenrnnnn.s 96-90 0-005 2-68

PLATE AMALGAMATION AND BLANKETING

Test No. 8

A representative sample of —14-mesh ore was ground in a jar mill
to approximately 60 per cent —200 mesh.

The ground pulp was passed over an amalgamation plate. The
amalgamation tailing was sampled and passed over a blanket table.

The following table shows the results obtained:—

it ps Distribution of gold
. Assay, |Distribution in whole
_ Weight, old of gold (in operation
per cent; go.d, each stage), P
oz/ton er cent
p Per cent | Per cent
T 100-00 0-15% ... ..., 100-00 100-00
Amalgam...........o00uenes TS A S PN 50-00 50-00
Amalgamation tailing............[............ 0075 [.oveneennond]ivinnnnenens
Blanket feed..........covvvnnenn, 100-00 0-066 100-00 {....... Ceees
Blanket, concentrate.............. 4.15 0-66 41-70 20-85
Blanket tailing.........co00veen., 95.85 0-04 5830 29-15 29.15
Recovery by amalgamation.........o.ovvirineieiinirineieninsis 50-00 per cent;
Recovery by blanketing................ P 41.7%X50-0=20-85 ¢
Overall recovery by amalgamation and blanketing...... 70.85 ¢

*The ore remaining was mixed and sampled to give a feed sample for the above test. The
representative sample was cut out of the freshly mixed ore and used for the test.

This test shows that 29-15 per cent of the gold is lost in the final
tailing.
Shipment No. 3
The following tests were made on Shipment No. 3:—
1. Cyanidation. Tests No. 1 and No. 2:24 and 48 hours.

2. Plate amalgamation followed by blanket concentration. Test
No. 3.
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3. Flotation. Tests No. 4 and No. 5.
4. Cyanidation. Tests No. 6 and No. 7 : 48 hours.

N 5. Blanket concentration and amalgamation of concentrate. Test
0. 8. : '

Characteristics of the Ore. The ore of Shipment No. 3 appeared to
be from the surface and was more oxidized than the previous shipments.

SUMMARY OF TESTS

1. Cyanidation for 24 hours gave 89 per cent recovery; for 48 hours,
76 per cent recovery.

2. Plate amalgamation gave 49 per cent recovery; blankets, 49 per
cent of the remainder; overall recovery, 74 per cent.

3. Straight flotation tests gave a concentrate assaying 9-74 ounces
gold per ton; recovery, 93 per cent; ratio of concentration, 53 : 1. With
finer grinding the concentrate assayed 815 ounces gold per ton; recovery,
95 per cent; ratio of concentration, 43-5 : 1.

4. Two cyanidation tests repeated on ore crushed 70 per cent —200
mesh and 80 per cent —200 mesh. The period of agitation was 48 hours.
The recovery was 92 per cent. :

5. Blanket concentration gave 53 per cent recovery. Amalgamation

of concentrate recovered 82 per cent of the gold, an overall recovery of
44 per.cent.

CYANIDATION

Tests Nos. 1 and 2

Two representative samples of —14-mesh ore were ground in jar
mills to give approximately a 75 per cent —200-mesh product.

The pulp was agitated in cyanide solution at a dilution of 2 parts
of ore to 5 parts of solution. Sodium cyanide solution equivalent in strength
to 1:0 pound KCN per ton was used. The periods of agitation were 24
and 48 hours, respectively. The alkalinity of the pulp was maintained
by using lime at the rate of 8-0 pounds per ton of ore, and additions as
required.

The following table shows the results of the tests.

Tests Nos. 1 and 2

Period Assay, gold, 3 Reagents consumed,
Test No of oz/ton Et"‘it(‘;?c- Ib/ton of ore
: agitation, )

hours Feed | Tailing | PEre | KON | CaO

Lo 24 0185 0-02 80-2 0-50 7-42
2 48 0-185 0-045 75-7 0-98 8:25

These tests show high tailings and are not satisfactory.
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PLATE AMALGAMATION AND BLANKET CONCENTRATION
Test No. 3
A representative sample of the —14-mesh ore was ground in a jar
mill to give approximately a 60 per cent —200-mesh product. '
The ground pulp was treated similarly to Test No. 8 (page 163), that is,
passed over the same amalgamation plate, and the amalgamation tailing
was sampled. The tailing was passed over a blanket.

Results:
bDistri-f bDist;ri—f
ution o ution o
‘Weight, Assay, gold gold
Products per cent o%o/t on (in each in whole
§ stage), operation,
per cent per cent
Feed....ooviii i 100-00 0-185 100-00 100-00
Amalgamation..........oocoviiiiiiiiin i e e 48-65 48-65
Amalgamation tailing.,...................o.o oo 0-095 5135 [............
Overall recovery of gold.uo, oo 73-80
Blanket feed................cooiiiiiiiial, 100-00 0-098 10000 f............
“ concentrate,.........iiiiiiie e 89 0-54 48-98 25-16
“ tailling, .. 91-1 0-055 51-02 26-20

Blanket concentrate, 48-98 X 51-35=25-15 per cent
“ tailing ..... 51-02 X b51-35 = 26-20 per cent

In this test, 48-65 per cent of gold is recovered by amalgamation.
By blanket concentration 49 per cent of the gold in the amalgamation
tailing is recovered, giving a total overall recovery of 73-80 per cent.

FLOTATION

Tests Nos. 4 and &

The object of the tests was to ascertain the fineness of grinding neces-
sary to give complete recovery of the gold.

Two representative samples of the ore were ground in a jar mill with
the following reagents:—

D008 88N.u. 1 et e e 2.0 lb/ton
0-17 “

The pulp was conditioned in the cell with sodium xanthate, 0-1
pound per ton, and floated with pine oil, 0-05 to 0-1 pound per ton.

After floating, the pulp was reconditioned with the same amounts
of reagents and frother to attempt to raise a middling product. No
appreciable amount of sulphides was observed in the froth.

The small amount of concentrate gives a high ratio of concentration.

The grind in Test No. 4 was approximately 70 per cent —200 mesh,
and that of Test No. 5, 80 per cent —200 mesh.

Distri- .
. Assay, : Ratio
’11‘\?:‘0 Products “;f,’%?& gold, but;on of | “conce
. p oz/ton pgr cent tration
Feedoo o oiinrii i 100-00 0-199 100-00
4 [Concentrate......oovveeernvrneneinns 190 9.74 92-64 52:63 : 1
Tailing.....ooovvvinvviiiiiiinnns 08-10 0-015 7-36
TN 10000 0-197 100-00
5 |ConCentratt..oovsr.virrrreeniriinin. 23 8-16 9508 43-5:1
Tailing.............0ccininnii... 97.7 0-010 4.92
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CYANIDATION

Tests Nos. 6 and 7

Owing to the unsatisfactory results shown in the cyanidation Tests
Nas. 1 and 2 of Shipment No. 3, the cyanidation test was repeated.

Representative samples of the ore were crushed in jar mills to 70 per
" cent —200 mesh and 80 per cent —200 mesh. The pulp was agitated
with cyanide solution at a strength of 1-0 pound KCN per ton, for 48
hours. The pulp was kept alkaline with lime.

Results:
spoce Assay, gold, Reagents consumed,
Test No. Apggig'é?n oz/ton Eétglic‘ Ib/ton of ore
hours Feed | Tailing | P ™ | KON | Ca0O
Bereeiiiiiiii i 48 0-185 0:015 9189 0:75 11-13
N 48 0-185 0:015 91-89 1-00 11.25

In this test it was observed that considerably more lime was required,
due no doubt to the acid-forming minerals in the ore. The sample showed
more oxidation than Shipment No. 1.

BLANKET CONCENTRATION FOLLOWED BY BARREL AMALGAMATION OF THE
CONCENTRATE

Test No. 8

A representative sample of the ore was ground in a jar mill to 60
per cent —200 mesh. The pulp was passed over a blanket table.

The blanket concentrate was amalgamated with mercury by barrel
amalgamation.

The recovery of gold by blanket concentration amounted to 53-1
per cent. The recovery of the gold from the concentrate by amalgamation
amounted to 82-3 per cent. The overall recovery was 43:7 per cent.

The results are shown in the tables following:

Results:
Distri-
: Assay :
Weight, ! bution of
Products per cent ng(}lt%n gold,

per cent
100+0 0:185 100-0
8.3 1-38 53-1
91.7 0-11 46-9

Amalgamation
Assay, gold, .
oz/ton E;gag:;%n, Overall extraction
Feed Tailing

1.38 0-245 82-25 . 82:25 X 53:1 = 43-7 per cent
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Ore Dressing and Metallurgical Investigation No. 575

GOLD ORE FROM MATACHEWAN CONSOLIDATED MINES, LIMITED, AT
MATACHEWAN, ONTARIO

Shipment. A sghipment of two lots of ore marked “¥’ and “W”’
was received January 23, 1934. Sample “E” consisted of 19 bags of ore
weighing 1,287 pounds, and sample “W’’ consisted of 13 bags of ore weighing
896 pounds. The samples were submitted by Thomas L. Wells, Matach-
ewan Consolidated Mines, Limited, Matachewan, via Elk Lake, Ontario.

Characteristics of the Ore. The gangue material of sample “X"’ consists
chiefly of brownish to greenish grey, dense, fine-textured, siliceous rock,
which has a distinct but irregular banding and is locally somewhat schistose;
this is penetrated by stringers of milky quartz containing white calcite.

The gangue material of sample “W” is very similar to that of sample
“E”, except that the specimens examined show a greater proportion of schist.

The metallic minerals in the ore, in their order of abundance, are:
pyrite, magnetite, ilmenite, chalcopyrite, and native gold. Samples
“T” and “W" are very similar and will be described as one.

Pyrite is the most abundant metallic mineral, and occurs in coarsely
crystalline masses in quartz and as disseminated grains in both quartz
and schist. It contains inclusions of gangue, magnetite, ilmenite, and
chalcopyrite, and is veined by gangue, chalcopyrite, and native gold.

Magnetite and ilmenite are moderately abundant as irregular grains
in country rock. Some of the ilmenite has been altered to leucoxene (?).

A small amount of chalecopyrite occurs as small irregular grains in
both gangue and pyrite, and commonly forms veinlets in the latter.

An average assay of the samples was as follows:—

Sample “E” Sample “W*’
[.70) (s 0-18 oz/ton 0-305 oz/ton
60+ 8-30 per cent 9.25 per cent
Sulphur...ooevii i 3.13 « 3.78 «

ExXPERIMENTAL TEsTS

A series of small-scale tests was made on the individual samples of
ore, as well as Jarge-scale mill runs on a mixture of the two samples.

The small-scale work included tests by amalgamation, flotation, and
cyanidation. Amalgamation recovered 54-4 per cent of the gold from
gample “E’ when the ore was crushed 90:0 per cent through 200 mesh.
An additional 30-4 per cent of the gold was recovered in a concentrate
by floating the amalgamation tailing. By straight cyanidation of the
ore, 94-4 per cent of the gold was extracted from sample “E’ in 24 hours,
leaving & tailing assaying 0-01 ounce per ton in gold.
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From sample “W’’, 72-1 per cent of the gold was recovered by amal-
gamation when the ore was crushed 90-0 per cent through 200 mesh.
An additional 18-9 per cent of the gold was recovered in a concentrate
when the amalgamation tailing was floated. By straight cyanidation
of the ore, 96-7 per cent of the gold was extracted from sample “W’’ when
the ore was crushed 90-0 per cent through 200 mesh.

In the large-scale mill runs, using a mixture of the two lots of ore
the flotation tailings produced from amalgamation or blanket tailings
assayed approximately the same as those produced in the small-scale runs.

Details of the tests follow:—

Sample ”E”
GRINDING TESTS

Samples of the ore were ground in a ball mill for different periods of
time. In each case 1,000 grammes of the ore was ground with 750 c.c.
of water, the pulp dried and screened to determine the grinding.

Results:
Period of grinding (minutes)
Mesh
10 15 20 25 30
Weight, per cent H48. LR 7 SO PO Y P
“ —48465.. ... .. et 4.4 0-3 {120 N (RS P
“ —0654+100.......000iunen 11.1 2.6 1.2 0:3 0-2
«“ —1004+150. .. ..coovi et 12.4 56 3:8 1.5 1.2
“ —1504-200,............... 15.3 15-8 121 7.2 6.6
“ =200, . e 555 757 82.8 91.0 92.0
Total.ueiiiieeninieenaenennns 100-0 1000 100-0 100-0 100-0

AMALGAMATION AND FLOTATION

Tests Nos. 1, 2, and 3

In this series of tests the ore was ground in a ball mill for periods
of 8, 12, and 25 minutes, or to approximately 50, 70, and 90 per cent
through 200 mesh. The pulp was barrel-amalgamated and then floated
with the following reagents:—

Soda ash....ovvievin i, 2:0 Ib/ton

Potassium amyl xanthate. cen 0:20 «

Pincoil.ivseiiiiiiiiiiiniiiiiinininn, 0-10 “
Summary:

Feed samplo: 0+18 oz/ton

s 3s Assay Distribu-
Grinding Wei ' s
T : eight, gold, tion
'est Product nfllnmugés por cent oz/ton * I?érggégi—,

1 |Flotation concentrato................ 8 9.6 0-92 48-9
Flotation tailing.....oooovvviiviiinnd]oriiiiians 90-4 0-03 15:0
Amalgamation tailing (cal.)..........[..... RPN 100-0 0-116 63:9
Flotation concentrato 8-4 0-92 42.9

2 |Flotation tailing..,............ 01-6 0025 12.7
Amalgamation tailing (cal.)..........|...ccovnnnt. 100-0 0100 55+6
Flotation concentrate 9.1 0-60 30-4

3 |Flotation tailing..,............ 90-9 0-03 15-2
|Amalgamation tailing (cal.)..........0........ ... 100-0 0-082 45-6
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CYANIDATION

Tests Nos. 4 and 6§

Two samples of the ore were ground in a ball mill approximately
70-0 and 90-0 per cent through 200 mesh. The ground ore was agitated
in cyanide solution, 1:0 pound KCN per ton, for 24 hours. The tailings
were assayed for gold.

Summary:
Feed sample: 0-18 oz/ton
Tailing Extrac- Reagents consumed,
’lliﬁff’ Grinding, per eent—200 mesh a!;ng', ' tion, lb/ton.

oz/ton per cent KCN CaO

4 (1T 0-015 91.7 0-50 4.75
5 90°0iiuueeeninieirnnirrieneaaieaes 0-010 944 0-60 5-10

AMALGAMATION AND CYANIDATION

Test No. 6

A sample of the ore was ground in a ball mill approximately 70-0
per cent through 200 mesh. The pulp was then barrel-amalgamated
for 30 minutes and the amalgamation tailing agitated in cyanide solution,
1.0 pound KCN per ton, for 24 hours. Samples of the amalgamation
tailing and of the cyanide tailing were assayed for gold.

Summary:
Feed sample: 0-18 oz/ton

Reagents consumed
Product Agsosla » | Extraction, 1b/ton ’
oz /to’n per cent
KCN | Cal
Amalgamation tailing,.........coovev i 0.095 472 (i e
Cyanide tailing, .......coovvivririnirieininans 0-015 44.5 0-50 5:6

AGITATION WITH LIME, AND CYANIDATION

' Test No. 7
In this test a sample of the ore was ground approximately 70-0 per

cent through 200 mesh in a ball mill and the pulp agitated with lime -

for 4 hours. Cyanide was then added and agitation continued for an-
other 24 hours. The tailing was assayed for gold.

Results:
Feed BamDIe. cuivvereinenirerneatisaracnareiserniiarioiins 0-18 oz/ton in gold
Cyanide tailing.......c.ovvrviine i i e, 0-01 “« «
O3RN 1) | PP AP 94.4 per cent

Reagents consumed:

JZC0 3 P D 0-45 1b/ton ore
(671 0 P 510 "
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Sample “W?”
GRINDING TESTS

A series of small-scale tests was carried out on sample “W”’, similar
to those made on sample “E”. The results are given in the following
tables:—

Results:
Period of grinding (minutes)
Mesh -
10 15 20 25 30

Weight, per cent 0-9 [/ PR R N
¢ —- 4.0 {1 O F s P

“« — 65--100 11.4 5.7 1.8 1.0 0:-2
“« 100150 12.5 9.7 4.6 3:-2 1.6
«“ —150--200 16-2 16-6 12.7 11-6 73
b —200 55-0 67-1 80-9 84.2 90-9
Total..oovvviviiiniiiin i, 100-0 1000 100-0 100-0 100-0

AMALGAMATION AND FLOTATION
Tests Nos. 1, 2, and 3

Samples of the ore were ground approximately 50, 70, and 90 per
cent through 200 mesh in a ball mill. The periods of grinding were,
respectively, 13, 22, and 35 minutes. The pulps were barrel-amalgamated
and the amalgamation tailings floated with the following reagents:—

S oL R - P “vvese 2:0 Ib./ton
Potassium amyl xanthate.. 0:20 “«
220 ToN o) S 0-10 «
Summary:
Feed sample: 0-305 oz/ton
Tost _ Opindins | woigns, | Asty | Disribugon
L " , $4
No. minutes per cent oz/ton per cent
Flotation concentrate............... 13 10:3 0-99 334
1 |Flotation tailing...........coooceeovaiiiiiin, 89.7 0-04 11.8
Amalgamation tailing (cal.)........]............ 100-0 0.138 45.2
Flotation congentrate......o..v..... 22 9.1 1.20 35:7
2 [Flotation tailing.....coviivevivieii]oeiivennnns 90-9 0-04 11.8
Amalgamation tailing (cal.)........[....coovvntn. 100-0 0-145 . 47.5
Tlotation concentrate............... 35 8.4 069 18:9
3 |Flotation tailing...evveurrrvereeeres]iereennnnnn, 91.6 003 9-0
Amalgamation tailing (cal.)...ovoii|ivenninnn... 100:0 0-085 27.9

The recovery by amalgamation may be obtained by subtracting from 100 the recovery in the
amalgamation tailing,.

CYANIDATION

Tests Nos. 4 and 6

Two samples of the ore were ground approximately 70-0 and 90-0
per cent through 200 mesh and agitated in cyanide solution, 1:0 pound
KON per ton, for 24 hours. The tailings were assayed for gold.
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Summary: )
Feed sample: 0-305 oz/ton
Tailing Reagents consumed,
Test Grinding, assay, Extraction, Ib/ton
No. per cent—200 mesh gold, per cent
oz/ton KCN l Ca0
4 7000, ieirii e e 0-015 95-1 0-60 4.75
5 00000, cciieit i i 0-010 967 0:60 510

AMALGAMATION AND CYANIDATION

Test No. 6

A sample of the ore was ground 70-0 per cent through 200 mesh
and barrel-amalgamated. The amalgamation tailing was agitated in
cyanide solution, 1-0 pound KCN per ton for 24 hours. Samples of the
amalgamation and cyanide tailings were assayed for gold.

Summary:
Feed sample: 0-305 oz/ton
. Reagents consumed,
Product lﬁfla g ! Extraction, Ib/ton
per cent
oz/ton ECN | Ca0
Amalgamation tailing.........cocveeenniiniinnns 0-10 (7232 TN P
Cyanide tailing........coviviniiivinnnnnneenen 0-01 29.5 0-40 550

AGITATION WITH LIME AND CYANIDATION

Test No. 7

A sample of the ore was ground 70-0 per cent through 200 mesh
in a ball mill and then agitated with lime for four hours. Cyanide was
then added and agitation continued for another 24 hours.

Summary:
Feed SamMPle, cevr et vt erererrirnerireecnenesneenensnnas 0-305 oz/ton in gold
Cyanide tailing. ... .ovvvrvr v erinenriarieneninies 0-01 “ «
Extraction......voveiiie i iiiiiiiir i, 96.7 per cent

0-60 Ib/ton ore
5-50 “

Large-Scale Mill Runs on Samples “E’ and “W”’ Mixed

Run No. 1

In this test a unit having a capacity of 100 pounds per hour was used.
The ore at —14 mesh was fed into a rod mill at the rate of 110 pounds
per hour. The rod mill discharged into a hydraulic trap, the overflow
from which went to an Aking classifier. The oversize was returned to
the rod mill for regrinding and the overflow was passed over corduroy
blankets. The blanket tailing was floated in a battery of five cells. The
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concentrate was not recleaned. The flotation tailing was passed over &
concentration table in order to check up on the action of the cells.
The reagents used in this run were:—

R 10Ts 0 s W 2.0 lb/ton
Potassium amyl xanthate......ooviiveiiii it 0-10
g 1T | R N 0075 ¢

After running a short time, cresylic acid, 0-30 pound per ton, was
substituted for the pine oil.

Assays:

Qz/ton
B 61 Y=Y« 0-24
Rod mill dISORarge. . oo vv vt i it i i i i e e i e 023
B G5 IR 5 1o 3 0-365
Classifier OVET oW . .ttt et e it eeneaerreenereennaenreanans 0-195
Blanket tailing ...ovvrrriir i i i e 0-16
Tlotation COMCENEIAtE. .\ vuuerr v et rte e enrrcier i enrreenarreeransnss 1.76
Flotation tailing. . ... vuvr vttt ieiiiiiaeriirararereetaenrnseisennns 0-03
Blanket concentrate. ... v vueiieiiir it i s 3.32
B G0 ) Y9 1 222
Trap cleanings and blanket concentrate, combined...........ocovvivvnns 2.73

In this run, which lasted three hours, 2:75 pounds of blanket con-
centrate, 6-25 pounds of trap cleanings, and 23 pounds of flotation concen-~
trate were produced. Therefore, by difference, the weight of flotation
tailing is (110 X 3) —(23+6-25-+2-75) =298 pounds actual, or 90-3 per
cent of the weight of feed used. The loss in the flotation tailing in terms
of total gold is therefore 90-3X0-038--100X0:24=11-3 'per cent.

Recoveries in the flotation concentrate and in the combined blanket
concentrate and trap cleanings respectively were 51-3 per cent and 30-8
per cent. The remaining gold, not accounted for in these three products,
is locked up in the mill and classifier. The classifier overflow was 65-0
per cent through 200 mesh.

Cyanidation tests were made on the flotation concentrate for varying
periods of time with and without grinding. The results of these tests
may be summarized as follows:—

Teed sample: 1:76 oz/ton

i Grinding, | Tailing Extraction, | [eagents sonaumed,
Period of agitation, per cent assay, |Iistraction,| per cent
(hours) —200 gold, per cent total
mesh oz/ton gold KCN CaO
2. 82.8 0-15 91.5 46-9 3.9 9.4
2 95.0 0-085 952 48-8 5.7 9.8
8. i 82.8 0-09 04.9 48.7 50 12.0
. N 950 0-06 96-6 496 90 13-1
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Barrel-amalgamation tests were made on the combined trap cleanings
and blanket concentrate with and without regrinding. The results may
be tabulated as follows:—

Feed sample: 2-73 oz/ton

Grinding, Tailing assay, Recovery, Recovery,
per cent —200 mesh gold, oz/ton per cent per cent total gold
622 0-76 72-2 22:2
93-8 0-39 85-7 26-4
Run No. 2

In this run, amalgamation plates replaced the hydraulic trap and the
blankets. The rod mill discharged onto a short plate, the tailing from
which went to an Akins classifier. The classifier overflow was passed
over another amalgamation plate, the tailing from which went to flotation.
The reagents used were the same as for Run No. 1.

Assays:

D& 11 0T A N
Rod Mill diSCharEe. .. .vuvuvr vt rereiertereerrneeenerrrarsrreasarnenens
Tirst plate diBCharZo. . vvuver s cr e irterr et ear e iatanrernerirnananns
Classifier overflow.......

Second plate discharge
Flotation concentrate.........

Flotation talling. . .o\vrvr vt ettt ieer e ii e ererneeaeienaneanans

The classifier overflow was 85 per cent through 200 mesh, and 17
pounds of flotation concentrate was produced in a three-hour run. The
feed rate was maintained at 110 pounds per hour.

Recovery by amalgamation on first plate, (0-30 —0-22)-0-255=31-4 per cent.

Recovery by amalgamation on second plate, (0-14 —0-105)~-0-255=13-7 per cent.
Total recovery by amalgamation, 451 per cent.

Recovery in flotation concentrate, calculated by two-product formula, 42-5 per cent.

Loss in flotation tailing, (100-0 —87-6)=12-4 per cent.

Cyanidation tests were made on the flotation concentrate for periods
of 24 and 48 hours with and without regrinding. The results of these
tests may be summarized as follows:—

Feed sample: 1-48 oz/ton

Period of agitation G:;nil:é; ’ E:;;mg Eixtrac- Eég: - Reagenltﬁ/%grl;sumed,
hou%s) P —200 ’ go,lcf,' gon'nt per ce,nt
mesh oz/ton per ce total gold KCN Ca0
84.2 0-155 89:5 38-0 5-10 9.5
96-0 0-12 91.9 39-1 7-8 10-0
84:2 0-15 89-9 38:2 8:3 11-8
96-0 0-085 94-3 40-1 9-8 13-3

At the end of Run No. 2, the mill and classifier were cleaned out
and the cleanings assayed together. The assay of this material was 0-75
ounce per ton in gold. The conditioning tank was also cleaned out and
its contents assayed 0-125 ounce per ton.

8471212
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CONCLUSIONS

The results of the tests carried out on this ore show that cyanidation
is the best method for recovering the gold. An 0-015-ounce tailing can
be obtained by straight eyanidation, and if means of preventing the coarse
gold from reaching the agitators are taken, an 0-01-ounce tailing is assured
for ore of the grade tested. The ore should be ground to 70 per cent
through 200 mesh to produce this tailing,

The lowest tailing obtained by flotation was 0:025 ounce when
grinding to 85 per cent through 200 mesh, and in order to produce this
grade of tailing it was necessary to amalgamate prior to flotation.



1756

Ore Dressing and Metallurgical Investigation No. 576

GOLD ORE FROM ROCHESTER MINE, GILLIES LAKE-PORCUPINE GOLD
MINES, LIMITED, TIMMINS, ONTARIO

Shipment. A shipment of gold-bearing ore having a weight of 1,367
pounds was received at the Ore Dressing and Metallurgical Laboratories
on April 3, 1934. The shipment was from the Rochester mine of the
Gillies Lake-Porcupine Gold Mines, Limited, and was submitted by
G. 8. Scott, P.O. Box 1844, Timmins, Ontario.

Characteristics of the Ore. The predominating gangue material is a
dark grey to greenish grey schist, containing much of finely-divided car-
bonate. Irregular stringers of light grey to white translucent quartz
penetrate this.

The metallic minerals determined from a microscopic examination of
the polished sections are: pyrite, chalcopyrite, ilmenite (?), pyrrhotite,
and an unidentified mineral that may be galena. The metallic minerals
form only a very small part of the aggregate.

Pyrite is by far the most abundant and occurs as sparsely disseminated
cubes. Chalcopyrite occurs in very small amount.

No native gold was seen in the polished sections, but much free gold
in the mill discharge indicates that much of the gold in the ore is native.

The ore was crushed and sampled by standard methods, and the feed
sample, assayed for gold, gave the following result:

Gold........ 2.91 oz/ton.

ExpEriMENTAL TESTS
Test work comprised the following:
1. Amalgamation on plates.
2. Cyanidation of amalgamation plate tailing.
3. Flotation of amalgamation plate tailing.
4. Barrel amalgamation of flotation concentrate.

5. Cyanidation of flotation concentrate.
84712124
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Small-Scale Tests

A 4,000-gramme charge of ore was ground to pass a 48-mesh screen.

Screen Test on — 48-mesh Ore:

‘Weight,

Mesh per cent
7S I 10-1
B 1 T 16-6
B £ T TN 13:5
1.1 S P R R 14.7
B 1 PN 45-1
100-0

Test No. 1

A 1,000-gramme charge of the —48-mesh ore was ground wet for 10
minutes in an Abbé pebble mill and the pulp run over a small amalgamation
plate.

[0 T30 B T8 -7 R 2-91 oz/ton
Gold In tailiNE, .o e i et 0-565 ¢
RecoVery OB Plabe, v, viverureriieriiriraciierceerenroiionesesnrses 80-58 per cent

Screen Test of Plate Tailing:

Weight,
per cent

WO oS
S CECY3X]

N

100-0

Test No. 2

A 2,000-gramme charge of —48-mesh ore was ground wet for 10
minutes and the pulp run over an amalgamation plate. The tailing was
floated and the flotation concentrate barrel-amalgamated.

Reagents to flotation cell:

20 lb/ton
0-4 ¢
0_1 3
Results:
Distri- :
: Assays H Ratio of
Weight, ! bution
Produet et | S| oloid, | goneen
per cent
Coneentrate. . vvvrviiviierareniiiiiiriiiaian 5:77 8.97 916
B 1 94-23 0-05 8-4 17.3:1
100-00
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Barrel Amalgamation of Flotation Concentrate:

Weight of concentrate.........ovovvviieriririerervnenrnenirnnanns 115  grammes
Mercury added........ooovviveiiniiniiiinenn.. .. 66.7 “

Time of agitation,...........covvvevvniivnennss 1 hour e
Barrel amalgamation tailing 4.235 oz, /ton

RECOVEIY . uuvisiiiviniiriniriirtaeisnonaasensns . 53:0 per cent
Recovery of gold on plates .. 80.58 «

Gold recovered by flotation 17-89  «
Recovery by barrel amalgamation = 530 per cent of 17.89

LS T = Q.48
Overall gold recovery, 8058 per cent -}- 9-48 per cent........... = 00.-06

The recovery was only fair, but such a small amount of metallic
minerals in the ore renders a satisfactory test by small-scale experiments
impossible. It was decided to carry out a large-scale mill run on the
remainder of the ore and carry out small-scale cyanidation and barrel -
amalgamation tests on the products of the mill run.

Large-Scale Tests

Mill Run No. 1

The ore crushed to 1-inch size was reduced to —14 mesh in rolls and
fed to a 12-inch by 14-inch rod mill containing 200 pounds of rods. The
discharge from the mill passed over an amalgamation plate at a slope of
2-5 inches to the foot. The plate overflow was pumped to a conditioning
tank, the overflow from which was fed to a Denver 10-unit laboratory
flotation machine,

Early in the run it was found that pine oil gave too great a froth,
80 cresylic acid was substituted.

Mouch free gold was noted on the plate and also in the plate overflow,
a fact that indicated the advisability of placing a trap between the mill
discharge and the amalgam plate.

The results of this test are as follows:

Total feed to mill—629 pounds
Average rate of feed—104-8 pounds per hour
Reagents added:

To mill—Soda ash, 2 1b/ton
To conditioner—Sodium ethyl xanthate, 0-4 1b/ton,
To cells—Cresylic acid, 0-3 Ib/ton

Assays,
Products gold,

oz/ton
B S T 2-96
Plate overflow........... 1.75
Conditioner overflow,... 0-16
Flotation concentrate.,.. 526

¢ talling, ... e T R T T 0-056

5.26—0-055

0.16-0.055
Recovery by plate amalgamation and metallics retained in mill,,  40.87 per cent

Ratio of concentration 6:1

Gold trapped in pump and conditioner tank=90-8 per cent of
(100—40+87 per cent)...cveeerruvanrnss N [ . = 53.60 «

100 X 5:26 (0-16—0-055)
0-16 (5-26—0.065)

Percentage of total gold in flotation concentrate = 663 per cent
of 5:4d percent....ovvvvreneirnirnrnnnennenss i e 361

13

Recovery of gold by flotation =

Overall recovery of gold = 40:87 - 5369 - 3:61..vseeeerensnnes = 0817 ¢
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The grinding on this run was found to be a little coarse. At a feed
rate of 90 pounds per hour, the mill discharge was only 43 per cent —200
mesh; and at 78.75 pounds per hour, 45-2 per cent —200 mesh.

Screen Test on Mill Discharge (taken over run ):

Mesh ' Weight,

Mill Run No. 2

A second mill run was made in which certain modifications were
carried out.

A trap was placed between the mill discharge and the amalgamation
plate. The weight of rods in the mill was increased to 250 pounds and the
rate of feed reduced.

Total feed to rod mill..... 4860 pounds
Average rate of feed....... . 747« per hour

Screen Test on Trap Overflow:

Weight, Weight, Weight,
Mesh pér cent, per cent, per cent,
60 1b/hr. 82 Ib/hr. | taken over
feed feed Tun
.................................................................. 1.3 1-8
................. 0-4 6-8 63
................. 30 10-1 102
.................. 14.7 18.5 218
TS AN 819 63.3 59.9
100-0 1000 1000
Reagents added:
Tomill, 80d2 88N, ..t iiieriierinreeeeteriaieritarcrnenens . 1.2 1b./ton
To condltloner, sodium ethyl xanthate..........oooiviiiiiiiini, 0-28 “
To flotation cells, cresylic acid.....cvvovennnn, ettt teriaerees - 02 “
Assays,
Products gold,
oz/ton
Mill feed....ocvevenenenienns 298
Trap overflow 067
Plate overflow.. 0-506
‘Conditioner overfloy 0-295
Totation concentrate. 1306
Flotation tailing. .. .uue et ie ittt io s eie it teatetetesseroasntorssnsnseraons 0025
Mill clean-up.......... cerene e tr ettt et ee e Gold  17-02 oz/ton
Trap clean-up. .. ooovvievniiiiinneeieinen. Cheeees cerraee Gold 86:68 ¢

.. Gold 2:12 ¢«
5.75 pounds
34.0 «

300 «

Conditioner clean-up.......
Weight of trap clean-up
Weight of mill clean-up Creerees
Woight of conditioner tank clean-up........... Ceverertaaes rerees
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Screen Test on Flotation Tailing:

Weight,
Mesh per cent
3-6
5.4
8.8
20-5
61-
100-¢
13-06—0-025
Ratio of concentration, ———————— =48:2:1
0-295—0-025
Gold retained in mill and trap..........coovvviiiiiiiiiiiiinn 77:5 per cent
Gold recovery on amalgamation plate...........ovviieniiiiiin.s 24-6 «
Percentage of total gold recovered on plate, 24-6 per cent of 100-
A B =) 1) P 5-58 «
Gold in pumh and conditioner tank, 41-58 per cent of (100—83-03

DT CONE) e vvvrvrierrivniererennsrneennss et

Recovery of gold by flotation, = 01.7 «
. 0.295 (13-06—0-025)
Percentage of total gold in flotation concentrate, 91-7 per cent of
D001 POT CONb. v ver e v euvrrsrrnssnesensassonronassnoosasenees 9.09 «

Overall recovery of gold, 77-5-45-53-47-064-9-09.......cccvvunnn. 99.18 ¢

The finer grinding and the use of & trap in the circuit made for better
recoveries and better grade products.

CYANIDATION AND BARREL AMALGAMATION TESTS ON PRODUCTS
OF LARGE-SCALE RUNS

Test No. 8

A charge of 914 grammes (dry weight) of the plate overflow from Mill
Run No. 1 was ground wet for 20 minutes and then cyanided in a Denver
Super-Agitator for 24 hours in a pulp ratio of 3 : 1, the solution having a
KCN content of 1 pound per ton, and lime, at the start, of 1 pound per ton.

: Final solution Consumption
Assay, | Extraction ' puion,
Product gold, of gold, ton ton
osfton | percent | gCN | CaO | KCN | CaO
Feed, . ovoviivieriiiinirninnnns T8 Joveniineniifvnereeniiderirninidoiiinenenidersnininns
Cyanide tailing.............. 0-015 99-14 1-5 0:15 065 755
Screen Test of Cyanide Tailing:
Mesh Weight,
per cent
¢-6
4.1
18.4
76-
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Test No. 4

A 2,000-gramme charge of flotation concentrate from Mill Run No. 1
was ground wet in a pebble jar for 15 minutes.

The charge was then cyanided for 48 hours in a Denver Super-Agitator.
The pulp ratio was 3 : 1 and the cyanide strength 1 pound KCN per ton
and CaO 5 pounds per ton. Both cyanlde and lime consumption were
fairly high,

Assay Extraction Final solution, Consumption,
Product gold,' of gold, /ton 1b/ton

. oz/ton | percent | wON | CaO | KCN | Ca0
Feod..ouorrniiiiinreraranens [ I T PR PO U

Cyanide tailing.............. 0-125 97-6 08| 0-35 8.152 | 28-95

Screen Test of Cyanide Tailing

Mesh Weight,

per cent

B T N e e 0-05

B T PP 0-15

00, 1t et et et e e e e et r et e ba e e 2:20

B TR 9760

10000

Test No. §
A charge of 923 grammes (dry weight) of flotation concentrate from
Mill Run No. 1 was barrel-amalgamated after a 15-minute grind; 100
grammes of mercury, 1,000 c.c. of water, and 2 grammes of lime were used.

Gold infead. . ouuiiiiiriiiiriiiiiar e iereierairerarearianes 5-26 oz/ton

Gold In tailings. oo vveir it ciiie i cir e e aaanas 1.86 ¢

ROV ettt et it iiettitenenuesrinnssronsronsrosssnnesssnsnsnnes 65-2 per cent
Test No. 6

This was a cyanidation test on the amalgamation plate overflow from:
Mill Run No. 2; 1,100 grammes of the filtered pulp was agitated in a.
Denver Supel-Ag1tato1 without regrinding, for 24 hours. The pulp ratio
was 3 : 1, and the cyamde solution 1 pound KCN per ton, and lime (CaO)
5 pounds per ton.

s TFinal solution, Consumption
Assay, Extraction 4 4
Product gold, of gold, 1b/ton 1b/ton
» oz/ton | percemt | gCN | CaO | KON | CaO
Feed.oiuveiiiiiniiiianiins 0-505 |.oovvnvvnenafininiindiiiiiiii e o
Taillg.veiiiiiiiinreneines 0-015 97.03 0-8 0-5 1.36 15+5
Test No. 7

The trap clean-up, 2,302 grammes, was barrel-amalgamated with 400
grammes of mercury. The clean-up product assayed in gold, 86-68.
ounces per ton, and after amalgamation assayed 6-935 ounces per ton,
showing a recovery of 92-0 per cent of the gold.
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Screen Test on Amalgamation Tailing:

Mesh Weight,

CONCLUSIONS

The experimental tests indicate that the gold is largely present in the
free state.

Grinding to have 60 per cent pass a 200-mesh screen gave satisfactory
results.

Recoveries by three methods of treatment are shown for purposes of
comparison:

1. The use of traps, amalgamation plate, flotation of amalgamation
tailing, and cyanidation of flotation concentrate.

Gold recovery in trap and amalgamation..........covevvenerennes 74.83 per cent
Gold recovery by cyanidation of flotation concentrate............ 17-62 «

Overall TeCOVOIY..oovvriiiieinerniueierersarensanns 92:45 ¢

2. Similar to No. 1, but barrel amalgamation of flotation concentrate.

Gold recovery in trap and amalgamation.........c..veviveninn.. 74-83 per cent
Gold recovery by barrel amalgamation of flotation concentrate,. 11.77 ¢

Overall FeCOVETY. .o vrr i riri i ciiiiinnenanenenens 86-60 ¢
3. The use of traps, amalgamation plate, and cyanidation of amalga-~
mation tailing,

Gold recovery in trap and amalgamation........... FETTTRTTOP 7483 per cent
Gold recovery by cyanidation of amalgamation tailing ... 17.51 0«

Overall TeCOVeIY. o eiviiineiiirenenrniienensnens 92.34

Owing to the presence of free gold in the ore, there is a danger of this
free gold passing through the flotation machine without being caught.

From the metallurgical point of view, the use of traps and blankets
and cyanidation of blanket tailing is recommended.

A suggested flow-sheet would be to grind in cyanide solution with ball
mill discharge to traps, the classifier overflow passing over blankets. The
trap clean-up and blanket concentrate to be barrel-amalgamated.

Increased recovery could be expected in plant operation on account of
cyanidation of all amalgamation tailings.
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Ore Dressing and Metallurgical Investigation No. 577

CORUNDUM FROM DUNGANNON TOWNSHIP, ONTARIO

Shipment. A shipment consisting of six bags of corundum-bearing
rock, gross weight 401 pounds, was received from lot 12, concession 12,
Dungannon township, Renfrew county, Ont., on September 6, 1933.
The shipper was W. J. McCoy, 45 Richmond Street West, Toronto, Ont.

Characteristics of the Rock. The shipment consisted of slightly bluish
- corundum, ranging in size from very small grains to pieces 1 inch in diam-
eter, in a gangue of white feldspar and biotite mica.

Sampling and Analysis. A head sample cut out after crushing to 10
mesh analysed as follows:—

(075 1 TG T s 9-52 per cent
750 T 3.95 «
B4 1T Y 0.09 «

ExpERIMENTAL TEsTS

Test No. 1

After removing some specimens, the shipment was crushed to —10
mesh, and sized into the following by a Hummer screen:—

R LU U S P 86 1b. 14 oz.
Eo I L 72«

=20 +26...000iiiiinnnn S S TN 33 « 1¢
B 1 T o1 T 31« T«
=380 42, i e e s e 2 ¢

=42 00, . i e e e e e 30 “ 6«
R L R 83 ¢« &“

359 1b. 1oz,

Each of the above sizes was tabled separately on a large Wilfley
table, making a corundum concentrate and a tailing. Some galena and
magnetite were present in the concentrates, especially those from the first
two sizes. The table concentrates were dried and run over a high-power
Ulhich magnetic separator, which removed the magnetite and some mica.
The Ullrich non-magnetic products were re-tabled, making a lead product,
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a corundum concentrate, and a tailing. The weights of the corundum
concentrates are given below, with their analyses:—

Size Weight Per cent
e g 1 o
—20 26 3« 14« 68.40 ¢
b S mh
— 2 .

—42 60 3« 10 ¢ 7576«
—60 5 15 « 85.20
37 1b,

The concentrates are not high in grade, especially the first three
sizes.
Test No. 2
In an effort to get a higher grade concentrate a test was made in which

the feed was all crushed to pass 26 mesh. For this test, the products of
Test No. 1 were mixed and crushed to pass 26 mesh and screened into the

following sizes:—

B .1 P 119 1b. 120z
BB A e e e e 43 ¢« 7«
B | F 43¢ 4 ¢
=60, e e e 116 « 8 «

3221b. 15 oz.

The above sizes were tabled on a large Wilfley table, and the con-
centrates run over the Ullrich to remove magnetite and mica. The non-
magnetics were re-tabled, making a lead product, a corundum concentrate
and a tailing. The concentrates were:—

Size Weight Per cent
—26 35 131b. 4oz, 7222 corundum
—35 42 4 « 76-56 ¢
—42 460 4 « 9« 83:32 «
—60 10 “ 8« 9010 «

311b. 14 oz.

In grinding samples high in corundum for analysis, the mortar and
pestle used become worn away and the percentage of all constituents
of the sample are reduced with the exception of silica which is increased.
In Test No. 2, the mortar and pestle and sample were weighed before
and after each sample was ground, and a corrected analysis worked out.
The following table gives the results of Test No. 2:

. Cor-
Weight rected Pounds of
Product in corun- corun-
pounds dum, dum
per cent
—~26-4-35 concentrabe. ... viiiiiiiiiiiiiiet i 13.25 75-29 9.98
—35-+42 N 4.00 7775 3-11
-~42--60 e N eeetereseenecnaenan 4.12 83.73 3.45
—60 PP RPN 10:50 90-80 963
7Y N 3187 81.80 26-07
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The feed to Test No. 2 was 322 pounds 15 ounces. This at 9.52
per cent corundum would contain 30-74 pounds of corundum. The

recovery in Test- No. 2 would be gw)—(—)-=84=-81 per cent.

30-74

The corundum concentrates were analysed for total alumina. The
results and the corrected results were:—

. Alumina Corrected
Size ! percentage
per cent of aluminga
—26 435 87.10 .
—35 +42 93-86 95.32
—42 +60 9613 96+60
—60 03+34 94.07

The recovery in this test is good and the products, both in corundum
and alumina content, are also good.

The difference between the corundum assay and the total alumina
assay of the concentrates is due to the presence of other minerals containing
alumina.

FLOTATION

Several flotation tests were made on the corundum rock. It was
found that, although the corundum floated, much of the gangue also floated,
which 1esulted in a concentrate conta,lmng about 25 per cent corundum.

CONCLUSIONS

The corundum can be recovered from the rock by tabling, magnetic
separation, and re-tabling the non-magnetics, but it is doubtful whether
a price can be obtained for the finished concentrate to meet the cost of
production.
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Ore Dressing and Metallurgical Investigation No. 578

GOLD ORE FROM MKENZIE-RED LAKE GOLD MINES, LIMITED, AT RED
LAKE, ONTARIO

Shipment. A shipment of 20 sacks of ore, net weight 2,460 pounds,
was received April 16, 1934, from John W. Shaw, New Liskeard, Ontario.

Characteristics of the Ore. Six polished sections were prepared and
examined microscopically.

The gangue consists of green chloritic (?) schist and milky white vein
quartz, both of which contain small irregular patches and grains of white
dolomitic carbonate. Leucoxene occurs as disseminated grains, and has
probably resulted from the alteration of ilmenite.

Pyrite is the most abundant ore mineral; it occurs as sparsely dis-
seminated cubes and irregular grains in both schist and quartz, and as
narrow stringers and veinlets in the schist. Rare small irregular grains of
chalcopyrite are present in the schist and more rarely in the quartz. Much
native gold is present in the quartz as irregular grains, often closely asso-
ciated with pyrite.

A few grains of an unidentified bright white mineral oceur in the schist.
This closely resembles arsenopyrite in appearance and behaviour when
etched; a micro-chemical analysis, however, gave strong tests for iron and
sulphur but negative tests for arsenic.

A quantitative microscopic analysis of the gold in the polished sections
was made, and the results, shown in the following table, give a rough
indication of the grain size:

Grain Size of the Gold:
Gold
Mesh per cent

L 250

Ll L1 e 1 320
L L e P 34-0
Lk 22 T 9.0
1009

18 1 P 0-795 oz/ton
551 N 017 ¢
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ExprurIMENTAL TrSTS

A series of small-scale tests was made on the ore to determine probable
treatment for the vecovery of the gold. Three large-scale mill runs were
made to confirm results obtained.

The small-scale work consisted of tests by cyanidation, amalgamation,
blanket concentration, and flotation. Cyanidation extracted 97-5 per
cent of the gold in 48 hours when the ore was dry-crushed all through 150
mesh. If lime be added to the agitators about 27 pounds per ton of ore
will be consumed, and yet the ore is sufficiently alkaline to be cyanided
without the addition of any lime. By plate amalgamation 62-3 per cent
of the gold can be extracted when the ore is ground 84 per cent through 200
mesh. At this same grinding 69-3 per cent of the gold can be recovered in

a blanket concentrate amounting to 4-0 per cent of the weight of feed, the -

blankets being set at a slope of 2.5 inches per foot. In a small-scale
flotation test 86-6 per cent of the gold was recovered in a concentrate
amounting to 9-0 per cent of the weight of the feed used. By passing the
flotation tailing over a corduroy blanket an additional 82 per cent of the
gold was recovered in a blanket concentrate amounting to 1-5 per cent of
the weight of the original ore fed to the flotation cell. The blanket tailing
assayed 0-07 ounce per ton in gold.

The large-scale mill runs were made in a unit of 100 pounds per hour
capacity. The ore was ground in a rod mill, the discharge from which
went to a flotation cell. A concentrate was taken off here and the tailing
went to a classifier, the overflow from which went to a battery of cells
where another concentrate was taken off. The classifier oversize was
returned to the mill for regrinding. The flotation tailing was passed over
blankets. An average of 93-0 per cent of the gold was recovered in the
two concentrates, the average assay of which would be about 9 ounces per
ton in gold. The flotation tailings assayed 0-06 ounce per ton in gold, and
little or nothing was taken out of them by blanketing,

Details of the tests follow:

GRINDING

Samples of the ore at — 14 mesh were ground in ball mills for different
periods of time and the drvied pulp passed through a series of screens to
determine the amount of grinding that had been done. The results of
these tests are laid down in the following table:

Weight, per cent

Mesh Ground Ground Ground Ground
for 16 for 20 for 25 for 30
minutes minutes minutes minutes

. 0-8 0-
e 6-4 3-1 0-7 0-5
10016000 iei i 10-4 7-0 3.2 2-4
—150-+200. .. 0o 17-0 15.8 12.0 11-1
=200, i 65-4 74.0 84.1 86-0
Total..ovvvviiieniiiiiiiniiinin., 100-0 100-0 1000 100:0
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CYANIDATION
Tests Nos. 1 to 8

Samples of the ore, ground dry to various sizes, were agitated in
cyanide solution, 1-0 pound KCN per ton, for periods of 24 and 48 hours.
" The tailings were assayed for gold.

Summary:
Feed sample: 0:795 oz/ton
. Tailing y Reagents consumed
Period of Extrac- '
'11:195’(; Mesh agitation, a:;s:a ! tion, . 1b/ton
. 1
hours oz/ton per cent KCN CaO

1 —48..... P 24 005 93-7 | . 0:30 26+0
2 -—100. .. 24 0-025 96-9 0-75 28:2
i —150. 24 0-03 96-2 045 27.8
I RPN B 00| ksl 060 5.4
6 =100, 48 0:025 96-9 0-90 284
7 =150, e 48 0:02 97-5 0-90 276
8 =200, ...t 48 0-10 87-4 1:20 287

Nors.—No explanation can be given for the high tailing assays when the ore was ground all
through 200 mesh. A sample of the tailing was re-agitated for a short time in cyanide solution and
then barrel-amalgamated, but still assayed the same.

AMALGAMATION AND CYANIDATION

Tests Nos. 9 and 10

Samples of the ore, ground dry through 48- and 100-mesh screens,
were amalgamated with mercury in a jar mill for 30 minutes. The amal-
gamation tailings were filtered, sampled and assayed, and portions of each
agitated in cyanide solution, 1-0 pound KCN per ton, for periods of 24
hours. The cyanide tailings were also assayed for gold.

Summary:
Assay A
amalga- Extrac- | ¢ SS@?{ 0 Total [Reagents consumed,
: - yanide xtrac-
'11:16(;317 Mesh ;n?iti;:]on tion, tailing, tion, eﬁ;ﬁc- Ib/ton
' g oldg' per cent gold, per cent per cent
oz/ton oz/ton KCN | Ca0
91 — 48....... 0-27 66:0 00456 28-3 94.3 0:60 2550
10 —100....... 0-38 52-2 0-02 45-3 97-5 0-90 27-60

Tt will be observed that the washing the pulp was subjected to during
amalgamation and subsequent separation of amalgam from pulp did not
reduce materially the consumption of lime during the agitation in cyanide

solution that followed.
BLANKET CONCENTRATION

Tests Nos. 11 to 14

Samples of the ore, ground in ball mills approximately 65, 74, 84, and
86 per cent through 200 mesh, were passed over corduroy blankets set at 2
slope of 2-5 inches per foot. The concentrates and tailings were assayed
for gold.
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Summary:
Grinding . Assa; Disgtribution
Test Product '] Weight, dy '
per cent gol of gold
0. —200 mesh | Per cent oz/ton per cen’
11 fConcentrate....cvvvrvrererrernnnne. 65-4 9.7 6-90 661
5 903 0-38 339
Feed (Call).vverrnvrenrienrrreersine]oerenennenns 1000 1-01 1000
12 [Coneentrato...oveereeririeriirarens 740 3.7 14-50 658
5 1 R 96-3 0-29 34.2
Feed (Cal.).vuuiierverrerrarenerenes]iereenreenss 100-0 0-82 100-0
18 [Concentrate......ovevvivinninnannns 84.0 3:9 15-0 693
5 R 96-1 0.27 30-7
Feed (al.)covriverernnenneneerennasfonvroeroenns 100-0 084 100-0
14 [Coneentratt...vuveevrernnrnrnenes 86-0 3.8 | . 12-86 64:9
Tailing..... . 96- 0-275 351
Feed (cal.) 100-0 0-75 100-0
HYDRAULIC CLASSIFICATION

Test No. 16

A sample of the ore, ground 74-0 per cent through 200 mesh, was put
through a hydraulic classifier where coarse gold and heavy minerals were
allowed to settle out against a slowly rising current of water. The classifier
oversize and overflow were assayed for gold.

Summary:
. Assay Distribution
Weight !
Product H gold of gold

per cent oz/ton per cent
Classifler OVeISIZO..u.u e vrs s eernerenesirereirvanrerens 1.5 18.97 34.6
Classifier overflow......cvvvriiiiiiniiieriiiiriineranns 98-5 0-546 65-4
Feed (CalL) .. iuiu it i i i riran et ienesiernennsnes 100:0 0.82 100-0

PLATE AMALGAMATION
Test No. 16

A sample of the ore, ground 84-0 per cent through 200 mesh, was
pasged over a small amalgamation plate. The plate tailing was assayed for
gold.

Results:
Feed 0IMPl6.tuuseeriiererriirerrrrriereeriiirerrtaaereenns 0-795 oz/ton gold
Plate taIlIN . v vttt vri et ettt ir e ey 0-30 «
D53k te) | 62:3 per cent

CYANIDATION WITHOUT LIME

Tests Nos. 18 to 21

As it was thought that carbonates in the ore were responsible for
the high lime consumption, a test was made to find out whether the ore was
acid or alkaline. To do this, a sample of the ore was ground with distilled
water and filtered and the pH value of the filtrate determined. This was
found to be 8-2 to 8-4, which is slightly alkaline. A cyanidation test was
then made, using soda ash, 2:0 pounds per ton ore, for protective alka-
linity, and little or none of this was consumed. Consumption of cyanide
was reduced to the low figure of 0-20 pound per ton of ore. This test was
made solely as confirmatory of the contention that the lime was being
destroyed as active lime by the formation of insoluble calcium carbonate.
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Three other cyanidation tests were made without addition of lime or
soda ash. Good extractions were obtained, but cyanide consumption
was higher, reaching as much as 1-13 pounds per ton of ore. In these four
tests the grinding was 84 per cent through 200 mesh.

Summary:
. Tailing . Consumption
Test No. Pro};ﬁgﬂve assay, Extr‘acm(%n, KCN
a gold, oz/ton per cen Ib/ton ore
NayCOs 0-05 93-7 0-20
None 0-03 96-5 110
None 0-03 96-5 1-13
None 0-035 95-6 1-13

SETTLING TESTS

A number of settling tests were made to find how the ore would act
when agitated without lime, particularly with respect to cyanide con-
sumption, extraction, and thickening,

A bateh of ore was ground in a ball mill and agitated in cyanide
solution for 24 hours without lime. The pulp was then transferred to a
settling tube 4 feet high and 2-1 inches inside diameter. The pulp level
was observed and recorded at three-minute intervals for a period of time.
Then lime was added, the pulp shaken up and allowed to settle again, and
another set of readings was taken. This was repeated several times,
more lime being added each time and in some cases the dilution was
increased.

The results of the settling tests carried out on the ore can be laid down
in the following table:

Results:
Pulp Levels and Conditions
Dilution, Dilution, Dilution, Dilution, Dilution,
2:1 2:1 2:1 2:5:1 4:1
Time KCN—1-25 | KCN—1.25 | KCN—1-25 | KCN—1-00 | KCN—0-625
1b/ton Ib/ton Ib/ton Ib/ton Ib/ton
solution golution solution solution solution
Ca0 added, | CaO added, | CaO added, | CaQ added, | CaO added,
none 2:0 Ib/ton | 4-01b/ton 6-0lb/ton 8.0 lb/ton
feet feet feet fcet feet
517255 R 3-140 3-140 3.140 3-705 3750
3 minutes...ovuuen... 3-125 3-125 3-115 3676 3650
6 cove . 3:105 3+105 3-090 3-645 3:540
9 3090 3-090 3-060 3-615 3-430
12« 3:0756 3:075 3-035 3580 3320
15 .« 3-055 3060 3:015 3+5560 3.210
18« 3+040 - 3-045 2-990 3+520 3+100
21« 3:025 3:030 2-965 3+495 2:990
24 3:010 3-015 2:945 3465 2.880
21 o« 2-990 3-005 2:925 3+435 2:770
30 ¢ 2:975 2-990 2-900 34406 [.oiviiiiiniinn
33 « 2-980 2-975 2-880 3-375 RPN
36 « 2-945 2-960 2-860 3:350 [........ eiaen
39 « 2:930 2:950 2-835 3320 |eiiiiiniiinnn
42 « 2:910 2:935 2815 3:200 [....iiiiviannn
45 ¢ 2-895 2:920 2795 3-260 |........
48 « 2-880 2-905 2:775 34235 {iveiiiiniecnnn
51« 2.865 2-890 2755 3:206 |....iieiiins .
54 2845 2-880 2-730 3180 J.ou.iiiiioniiun
57 « 2-830 2865 2710 3180 foviiininninnas
60 “ 2:815 2-850 2-690 3125 |ivviiinanens

8471213
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The sand was allowed to settle from a sample of pulp in which the
dilution was four of solution to one of solids. The overflow from this, with
about 5 per cent solids held in suspension, was transferred to the settling
tube and shaken up with lime at the rate of 2:0 pounds per ton of original
ore. The solids settled out at the rate of 4-5 to 5-0 feet per hour, leaving
a clear overflow.

ANALYSES OF SOLUTIONS

TFurther analyses were made on the feed sample, and on solutions with
which it was treated, to see what could be found about the nature of the
ore. The following determinations were made:

Feed Sample:

Per cent
Total iron.....ovvvvvvunne . 5:50
Ferrous iron......... Lee 3066

Acid soluble CaCOs3 117

Acid soluble MgCOs e T
Total sulphur....... 0:98
Acid soluble SOs. 0:09
COa. 9:82

The carbon dioxide is only enough to combine with the lime and
magnesia, so that the analysis does not indicate the presence of iron car-
bonate.

A sample of the ore was ground with distilled water, filtered, and the
filtrate analysed as follows:

pHvalue......ooeeevnens F e arrerea ettt er s et et aeas 8:2t08:4
Caleium carbonate.....covvirviiviiaiiviireiinnss Ceeeirarrranes eves 0°057 grm/litre
Magnesinm CarbOonate. v ver.eereeursraerrarereaesrrarearecrsisssnses 0046
Sulphur $ri0%ide. .. vvvisiieciiieiereaniriians Creveteectereranetens 0-048 ¢
Carbon dioXIAe. . v v eeeirianrerarsrncraesiiseersreisssiaesaaessos .. 0-182 ¢
MOt SOHAS. s eervenssieesvrnnseeraeruoasoneerosassusrssssssnssnaans 0-365

5 N 0:006
RGN POWET . vv vttt e e vnernenearenserscossosserarssscsssasrsonans Nil

A sample of the ore was ground and agitated in cyanide solution for
24 hours without addition of lime. The solution was filtered off and the
following determinations made on it:

Caloium carbonate. ... vvveeuiviirerierreaiinmiaaiiiiiiriiissiains 0:020 grm./litre
Magnesium carbOnAte. . vvverrtr et reaarsirrirverersersiriosesaanaanes Vi .
[S 10135 (TSR 1 3.4 L6 - YA NN 0:063 grm./litre
TOThe 4 e v v v ns e e asasnsasasononasaassstssaessanaatossasssanssnssacens 0-022 ¢
. N
RedUCIng POWOT ..\ tveeeivnrreereeatesrannosarenonsossnsos 18:3 c.c. -1—— KMnO4/litre
0

_Another sample of ore was agitated in cyanide solution with an excess
of lime. The solution was filtered off and analysed as follows:

Magnesium carbonato. . c.vueieiiieiararirecistnirarieesastnssrcnasns Trace
Sulphur trioXide, svveeie e erestiiarainarsiiiniarerrresrrriesierroass 0-030 grm./litre
TEOm, t 4 v ttaeannannteronsaseseaesaaeanaanssraaransarsorsrssassanasnns 00002 «
. N
. RedUCINg POWOr i et ivtteirretansasorissarsroressracarasnss 14:6 c.c. — XMnOy/litre
10

CYANIDATION WITH LIME ADDED NEAR THE END OF AGITATION PERIOD

Test No. 28

A sample of the ore was ground 84 per cent through 200 mesh in a ball
mill and agitated in cyanide solution, 1.0 pound KCN per ton, for 20
‘hours. Lime at the rate of 4 pounds per ton ore was then added, and
ag}gation continued for another four hours. The tailing was assayed for
gold.
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Results:
Treed BAMPIC. vu v st v et tvrrerernreentnrnsrireseensneessnones 0-795 oz/ton
Cyanide talling. ... .vverureervrernsernrnrocnsassraoasssrienns 0:025
05 2 ch 7 T ) N 06-9 per cent
KON consUMEd . oeveeeniervnerererensosasnsnoncareesnssvosasss 1-10 1b/ton ore
Ca0 consUMEd. .uvrvueenerenenerraererneneesrrnonsasaessonsses 3-40 “«

AERATION FOLLOWED BY CYANIDATION

Test No. 29

A sample of the ore was ground 84 per cent through 200 mesh in a ball
mill and agitated with water in a Denver Super-Agitator for 16 hours,
Linllne and cyanide were then added and agitation continued for another
24 hours.

Results:
Teed SamPlo. . v.iverernerrensorreeineriveeensoersssrocscrsne 0-795 oz/ ton
Cuyanide tailing.....covvreerrereriirerineeesnsrecorscsinioeses 0-06 ¢
3172273 (0 P PPN 92:5 per cent
KCN consumed®........... e Ceraeiees 1-85 1b/ton ore
CaO consUMEd, . vvrvurvrrerernerorrenrereseissnsasrsssssnesns 5:85 “

Test No. 80

A sample of the ore was ground 84 per cent through 200 mesh and
agitated in water in a Denver Super-Agitator for five hours. The pulp
was then transferred to a bottle and agitated with lime and cyanide for 24
hours.

Results:
Teed 8aMPlO..v.vsveerirrrerorioseioterssrssrororsasessnonsns 0-795 oz/ton
Cyanide tailing.....oviveeerereiirrirreronrarvroessinivsserns 0-015 ¢
027 Y17 ) 98:1 per cent
KON congumed...cooosvervnisivrasesnoncssrsssessacrosssscnss 0-35 lb/fon ore
CaO consuUmed.....ovsvurerrannrseoriorescsrossosssissssnnone 6-0 “

FLOTATION AND BLANKETING

Test No, 22

A sample of the ore was ground 86 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. The products were all assayed
for gold.

Charge to ball mill:

L0 VN 6,000 grammes at —14 mesh
7173 4,500 c.c,

Sodium carbonate, ...ivverversvrrerrrrasnrairrressrrerses 1-0 Ib/ton

Grinding time.....coverisrerenerreisieerrersrirsiornans 30 minutes

(*Nors.—According to experience in the Ore Dressing and Metallurgical Laboratories, tests
mun in the Denver Super-Agitator always show more than normal cyanide consumption, This is
probably due to the excessive aeration produced in this apparatus. This result should be compared
with results of Test No. 30, when a bottle was used.

84712~ 13%



Reagents to cell:

Sodium ethyl xanthate....cocvvreiiiiiriieeeererirainnns 0-10 Ib/ton
Cresyliq 13T N 009

]
Summary:
. Assay Distribution
Weight '
Product : gold, of gold,
per cent oz/ton per cent
Flotation concentrate..coovvvveiiiniirsiiriiirnesineniens 9.0 11-60 866
Blanket concentrate. 15 6:58 82
Blanket tailing..... 89.5 0-07 52
Feed (Ca1)uuiernrriiosroreeeneriranriorinorecrons 100-0 1-20 100-0

Three large-scale mill runs were made on the ore, using a unit of 100
pounds per hour capacity. The ore at —14 mesh was fed to a rod mill
the discharge from which went to a single flotation cell. A concentrate
was taken off here and the tailing went to an Akins classifier. The classi-
fier oversize was returned to the rod mill for regrinding, and the overflow
went through a conditioning tank to a battery of flotation cells, where
another concentrate was taken off. The flotation tailing was passed over

" a blanket set at a slope of 2-5 inches per foot. Samples of products at
various stages in the flow-sheet were taken at regular intervals and assayed.

Ml Run No. 1
In the first run, the feed rate was kept at 140 pounds per hour. The
mill discharge was 39 per cent through 200 mesh, and the classifier overflow
was 57 per cent through 200 mesh.
The reagents used were as follows:

To rod mill:
Barrott N0, 4. v e eeririisatensisusarseatiossreientassenens 0-18 Ib/ton
To cells:
Potassium amyl xanthate.....oceiiiiiiiiiieniririinirersiriaees 0-16 1b/ton
Cresylic 0Id . vviivreieeiiervrntnrsersoriisisisessnossasssisassson 0.03 «

The potassium amyl xanthate was divided, one-quarter going to
unit cell and three-quarters to conditioning tank.

Assays:
Gold, oz/ton
Millfeed. ..o vuveenuanereinenarnsncnrosenonsssssensnosnossensnssssnsanns 0-75
Rod mill dischRarge. . cvvirrerureieierossaerssrsiissrisetsssoesssisssasss 041
Unit.coll CONCENTIAtO. covvevirvarnrirveeivioreresieirieiiniiiineiiiarenses 14.95
Unib Cell taIling. . ovevuiierssseusiinrvariirsisseercissiosasssstvarsansons 0:24
Olassifier OVerfloW. vvvvee st iinrivrrrrinrirseeteressienensnisissensnses 0-15
Tlotation concentrate. ... 286
Tlotation tailing, .. 0:06
Blanket tailing..... - 0:06
Blanket concentrate...... [N PN 0-41

In the two concentrates 92-6 per cent of the total gold is recovered,
with a ratio of concentration of 14 : 1, approximately. Average assay
value of the two concentrates is 97 ounces per ton in gold.

M7l Run No. 2

The second mill run was similar to the first except that soda ash, 1-0
pound per ton, was added to the rod mill.



193

Assays:
Gold, oz/ton

B0 T 0-7
Rod mill diseharge. .. ...uunveriinine et rerinrrnnrenieenianarnenas 0-52
Unit cell Coneentrate. ... c.vvuviniiivenerninreneernenriererisarerecnns 23-12
Unit cell tailing. .. ... . i ettt 0-22
Classifier overflow......c..oiiiii i i i e i 0-14
Tlotation COmCeNtIAte. . .uviei ettt rinetieretnernerrerieirerinanenenans 1-23
TFlotation t2iling, ..ot ii it it ettt 0-06 -
Blanket tailing. ..ot vue e vrnensretn ettt ie et e reiaaens 0-05
Blanket Coneentrate......coveieniiniirioiiiieiiiiiiieiire e 0-21

In this run the two concentrates account for 92-9 per cent of the gold,
with a ratio of concentration of 10-7 : 1. 'The average assay value of the
two concentrates is approximately 7-5 ounces per ton in gold.

Mill Run No. 8

In Mill Run No. 3 the feed rate was reduced to 100 pounds per hour,
giving a rod mill discharge 46 per cent through 200 mesh and.a classifier
overflow 68-5 per cent through 200 mesh. The reagents were kept the
same as in Mill Run No. 2.

Assays:
Gold, oz/ton
BB 1T 0-74
Rod mill digeharge. .. ov v vt ie e et et e, 0-42
Unit cell ConCentrate. . .....veun et iiirineineeenieeaiaaanaeenenss 15.52
Unit cell tailing. ...o.veiitiit it et cee et 0-22
Clagsifier overflow.............ooiiiiiiiii o 0-14
Tlotation conCentrate. . .....oeverer e iiie i eiieaierrnernreannonss 2:36
Flotation tailing. cvvuvrereeeiriiier e irenoenrirenanenanncanernonsos 0-055
Blanket tailing. . ..oovrvern ettt r et 004
Blanket coneentrate. .....ouuveurvriririreerriniiiniiiiiiiiieiiiaain, 0-28

In this run, 931 per cent of the gold is recovered in the two flotation
concentrates, with a ratio of concentration of 13-4 : 1. The average
assay value of the two concentrates is about 9-3 ounces per ton in gold.

CYANIDATION OF CONCENTRATES
Tests Nos. 28 to 26

Samples of the unit cell concentrate and of the flotation concentrate
produced in Mill Run No. 3 were.agitated in cyanide solution for periods
of 24 hours with and without grinding. The rich unit cell concentrate was
agitated in solution containing 5-0 pounds KCN per ton, and the flotation
concentrate in solution containing 2-0 pounds KCN per ton; 98-1 per
cent of the gold was extracted from the reground unit cell concentrate, and
788 per cent of the gold was extracted from the reground flotation con-
centrate, the cyanide tailings being 0-30 and 0-50 ounce per ton in gold
respectively.

Summary:
. Reground
Feed %g?l?;de cyanide Extrac- " Reagents consumed,
Test No. assay, P Ef tailing ‘tion, Ib/ton ore
oi[}lto'n gold, iggﬁi’ ' per cent
r
oz/ton | oz /ton KCN | Cs0
b2 AN 1552 040 [............ 97.4 4-18 4:5
et 1562 [...ovol.os 0-30 98-1 7-18 4.8
b A 2-36 0-585 .. cvvenes. 75.2 1.78 6-6
200 iieiiiiiiiiiiinnn 2:36 |.ooeinninn 0-50 78-8 2-53 6-6
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CONCLUSIONS

The test work has indicated three possible flow-sheets for the treat-
ment of this ore:

1. Tlotation followed by cyanidation of the flotation concentrate;

2.- Grinding in cyanide solution and cyaniding without lime;

3. Grinding in water, with blanket concentration in the grinding
circuit between the mills and classifiers, and pre-aeration of the
pulp before the cyanide solution is brought into contact with the
ore.

By the first method, flotation and cyanidation of the flotation con-
centrate, it will be difficult to exceed a 90 per cent recovery of the gold.
The best result obtained in the test work was about 88 per cent. The
flow-sheet used contained a unit cell at the ball mill discharge where the
bulk of the gold was recovered.

The second method, cyaniding without lime and grinding in cyanide
solution, should, according to the test results, recover 95 per cent of the
gold, with a lime consumption of about 5 pounds per ton and a cyanide
consumption of 1-13 pounds per ton. A brief outline of the flow-sheet is
ag follows: Grind in cyanide solution without lime, the classifier overflow
going to a thickener. If the solution from this thickener is rich enough
to go to precipitation it can go to a mixer where lime can be added to
coagulate any suspended slimes before clarification. The thickened pulp
could go direct to the agitators, still without lime being added. After
agitation, lime can be added to the pulp going to the thickener for settling
prior to filtering. -

The third method calls for grinding in water and pre-aerating the pulp
before cyanidation, and the use of blankets to treat the circulating load in
the grinding circuit in order to prevent an excessive accumulation of gold
in the grinding circuit. This method, from the results of the test work
and by comparison with the other two methods, should recover 98 per cent
of the gold, with a cyanide consumption of 0-35 pound and a lime con-
sumption of 6 pounds per ton of ore. A brief outline of the flow-sheet
would be as follows: Grinding in water, the circulating load of the grinding
circuit to be passed over corduroy blankets; the overflow of the clagsifiers
to be thickened in a thickener, where a small amount of lime can be added
for settling purposes. The thickener underflow would then go to Pachuca
tanks, where the pulp would be aerated for about four hours, after which
the cyanide solution can be added. By this method, the cyanide con-
sumption can be reduced from 1-13 pounds to 0-35 pound per ton, but to
this latter figure must be added an additional loss from the excess solution
which after precipitation must be run to waste. This loss would probably
be between 0-25 and 0-5 pound per ton of ore. Using the maximum figure
of 0-5 pound, the total cyanide consumption would be 085 pound per ton
in comparison with 1-13 pounds from flow-sheet No. 2.

The concentrate obtained on the blanket would be barrel-amalga-
mated. The test work shows that over 65 per cent of the gold should be
recovered at this stage of the treatment. This would have the advantage
of reducing the grade of the feed going to cyanidation.

In reference to this third flow-sheet, particular attention is directed
to Tests Nos. 11 to 14 and to Tests Nos. 28 to 30. The former have to do
with blanket concentration and the latter with cyanidation after aeration
in water.
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Ore Dressing and Métallurgical Investigation No. 579

CYANIDATION AND FLOTATION OF BEATTIE CONCENTRATE

Shipment. A shipment consisting of 40 bags of moist flotation
concentrate, weighing approximately 4,000 pounds, was received May
16, 1934, from the Beattie Gold Mines, Limited, Noranda, Quebec.

Purpose of Experimental Tests. 'The shipment was made to determine
what extraction of gold by cyanidation could be obtained from the con-
centrate when ground to pass 98 per cent through 325 mesh. The cyanide
tailing was then required to be concentrated by flotation to note the
grade and quantity of concentrate that could be produced.

EXPERIMENTAL TESTS

Three small-scale tests were made on a small shipment of concentrate
previously received for similar test work. This lot had an assay value
of 1-125 ounces gold per ton, the larger shipment assaying 1:23 ounces
per ton.

Test No. 1

A sample, 1,000 grammes of concentrate, 750 c.c of water, and 5
grammes of lime were ground for two hours in a porcelain mill containing
iron balls. This gave a product 98 per cent minus 325 mesh. The balls
were then removed and the pulp agitated in a Denver Super-Agitator
(Wallace type) for four hours at a dilution of 1 of ore to 3 of water.

The pulp was then filtered, made up to 1 : 8 dilution with a sodium
cyanide solution equivalent in strength to 1-5 pounds KCN per ton,
and agitated for 40 hours; 11-0 grammes of lime were added to maintain
protective alkalinity.

Cyanidation Results:

T 1125 oz./ton
40-hour cyanide tailing........covvviveriinreriiinriencns 025 «
0547 /X0 7 ) W N 77-8 per cent
Titrations after 40 hours’ agitation: potassium cyanide—0-5 lb.; CaO—0-15 Ib.
Reagent consumption: Sodium cyanide.........ocvvees 2.37 1b./ton ore
55T N 10-5 “«
Flotation:

The cyanide tailing was filtered and washed twice on the filter. It
was then conditioned with 3-3 pounds soda ash per ton for 10 minutes,
after which 2-2 pounds copper sulphate, 055 pound sodium ethyl xanthate,
and 0-22 pound pine oil were added and a flotation concentrate taken off
for 20 minutes. Flotation was very sluggish.




196

Results:
Digtri-
s . Assay s
Weight Weight ' bution
Product ! ) gold, '
rammes per cent, gold,
& oz/ton per cent
Feed=Cyanide tailing.. .......ovvvivenenennnn 897-2 100:0 0:25 100-0
[00) (T 13 0 RPN 235.2 262 0.53 55.6
£ 1 1117 R 662-0 738 0-15 4.4
Total recovery, cyanidation and flotation........covvivririinen 90-1 per cent

Test No. 2

This test is similar to Test No. 1. Cyanidation practice was identical,
but the quantities of flotation reagents were changed as indicated below.

Cyanidation Results:

T P 1.125 oz. /bon
40-hour eyanide tailing..........ooii i i 0-26
BXtraction. o ovu e et e 76-9 per cent
Titrations after 40 hours' agitation: potassium cyanide—0-6 1b.; Ca0—0-15 1b.
Reagent consumption: Sodium oyanide, ... viiiininan 2:1 b /ton
Lime. oo viiinnireinenninnens 10.5
Flotation:

A cyanide tailing was filtered, re-pulped with water, re-filtered, and
washed.

Reagents: Lb/ton
oda ash.,.....oooovenee RN BN ceee 5.9
Copper sulphate.....ooovviiiiiiiiiiiiiin e, e 1.2
Sodum ethyl xanthate................. PN . 0-59
Pineoil............ R N e 0-24
Flotation time......covviveivinenenen. PO ... 16 minutes
Results:
Distri-
. . Assay vt
Weight, Weight ' bution,
Product v H eold,
grammes per cent gold,
oz/ ton per cent
Feed=Cyanide tailing...............cccviunen 845.0 1000 0:26 100-0
Coneentrate. .o veenveiereiireeiiaiaeiennes 345-0 40.-8 0-50 76-6
Tailing. .ot e e 500-0 59-2 0-105 23-4

The froth in this test was much more lively than that of Test No. 1,
owing to the increase in soda ash.

Total recovery, cyanidation and amalgamation.............cooons

Test No. 8

This test is similar to Test No. 2. The cyanide agitation period was
reduced from 40 hours to 24 hours.

94.3 per cent

Cyanidation Results:

T RPN 1:125 oz., /ton
Cyanide tailing. ,....... ettty .. . 0-275
Extraction............. Cerreereredeeanias Ceveens Ceines U “
Titrations after 24 hours’ agitation: potassium cyanide—0-8 lb CuO——O 075 1b.
Reagent consumptlon %odmm CYANIAB. v vvarerirerianrans 5 1b d

IME. e varvevnnnrnnnns N
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Flotation:

Reagenls: Lb/ton
Sodaash........coveneennnins e e ceaeaies 5-8
Copper sulphate............ PP oo 1-2
Sodium xanthate........... PN PR At . 0-59

After the flotation concentrate was removed, the pulp was acidified
with sulphuric acid and a second concentrate removed.

Results:
Distri-
; . Assay H
Weight Weight ' bution
Product ! ) gold 4
grammes per cent ’ gold,
oz/ton per cent
Feed = Cyanide tailing. . 854-2 100-0 0-275 100-0
Concentrate No. 1.. . 285-0 334 0-56 70-1
Concentrate No. 2 . 47-2 5.5 0-34 7:0
Tailing. eeeeeiriieinrneeiersrernrireernneenns 522-0 61-1 0-10 22-9

Tests Nos. 410 9

A series of tests was undertaken to note the effect of various grinds
on the recovery by cyanidation. This was made on the shipment of con-
centrate received May 16, and the grinding was done in the same jar mill ag
were Tests Nos. 1, 2, and 3. Tests Nos. 8 and 9 were cyanided in a Denver
Super-Agitator, omitting the 4-hour pre-liming agitation.

Results:
Hours Feed, Tailing, Extrac- Reagentig%s:mption,
Test No. of gold, gold, tion, o
grinding oz/ton oz/ton ¥ per cent KCN CaO
$ 1-23 0-375 695 1-26 6-8
1 1.23 0-355 71-1 1:-25 6.7
1% 1:-23 0-35 71-5 1:25 7.2
13 1.23 0-325 73:6 15 7.4
1 1.23 0-37 69-9 3:0 7.8
1 1.23 0-37 69.9 3-3 7.8

These results, together with those of Tests Nos. 1, 2, and 3, show
that the fineness of grind has a direct bearing on the extraction by cyanide.

Omitting the 4-hour pre-liming period and agitating in Denver Super-
Agitator lowers the extraction and increases ¢yanide consumption.

MILL RUNS

Two tests were made on a larger scale than the above on the larger
shipment.

Mill Run No. 1

The concentrate was mixed with lime equal to 10 pounds per ton
and fed at the rate of 50 pounds per hour to a rod mill in closed circuit
with a classifier. The classifier overflow at 25 per cent solids with a screen
analysis of 94 per cent minus 325 mesh was pumped to a Pachuca agitator.
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When 150 pounds of concentrate had passed to the agitator, milling was
discontinued and the pulp agitated for four hours. The charge was then
filtered and the cake returned to the agitator where it was made up to
25 per cent solids with cyanide solution equivalent in strength to 1.5
pounds potagsium cyanide per ton. Lime was added from time to time
to maintain the protective alkalinity at about 0.2 pound lime per ton.

Agitation was concluded after 86 hours.

and flotation tests at 4-, 8-, 12-, 16-, and 24-hour periods.

Cyanidalion Results:

Samples were taken for assay

Period of agitation, Fefg' T”‘illg’g’ E)t(!;rac-
urs gold, gold, on,

0 oz/ton oz/ton per cent
R 1.23 0385 687
2 1.23 0.38 69-1

2, 1.23 0-375 69-5
N 1-23 0-375 69.5
7 1-23 0375 69.5
S 1.23 0-36 70.7
31Tt 1-23 0-365 70-3
Reagent consumption after 36 hours:
Soditm CYANIA .1\ ittt t i sttt e s 0.6 1b/ton
111 N 104 «

Flotation and Cyanide Tailing.

Samples were taken from the agitator

at 4-, 8-, 12-, 16-, and 24-hour periods, filtered, re-pulped, re-filtered,
and washed. The samples were then conditioned with soda ash for 10
minutes, after which copper sulphate, xanthate, and pine oil were added
and flotation carried on for 16 minutes. The flotation of the 4-hour
sam({)le was continued an additional 7 minutes to remove a middling
product. '

4-hour sample:

Reagents:
Lb/ton
o6 5 T N 4
Copper sulphate............... 0-8
Sodium xanthate 0-4 \1st flotation
T 1 02
Amyl xanthate. oo iiin i i i 0-1612nd flotation
T 0-08
Results:
g s Assay Distribu-
Weight, Weight, ! :
Product grammes per cent ogz(}lt%h t;ﬁ:;,’ fgﬁg'
Feed=Cyanide tailing........oovvvrerenieenns 1,240 1000 0-385 100-0
Coneentrate No. 1., ivviiiiviiiieinnncnenns 518 41.8 0-76 80-1
Concentrate No. 2....00viveiiiivriiiiineninen 136 11-0 0-33 9.2
L L S 586 47.2 0-09 107
8- to 24~hour samples:
Reagents: Lb/ton
[ Te B 4.0
Copper BUlphate. . .oovvu ittt i e i i i e e ey 0-8
Amyl xanthate....... e et e e et s e e enetetaasarabereusbaoarairestanaane 3:0

) 0-2
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Results:
. s Assay. ’ Distribu-
Weight Weight, ' .
Product grammes | per cent ogz%((l)'n ti)%’;'gé’l}g' .
8-hour sample:
Feed=Cyanide tailing. 1,275-4 100-0 0-38 100-0
Concentrate . 5990 47.0 0-66 83-0
BI85 151 T N 6764 53:0 0-12 170
12-hour sample:
Teed=Cyanide tailing..................oveve. 1,271-2 100-0 0-375 100-0
Concentrate. ., ..ovuervrrrrenineeinrnreneninns 6437 50-6 0-66 883
005151 T, N 627-5 49-4 06-09 -7
16-hour sample:
TFeed=Cyanide tailing..........cooeevrnenenn. 1,299-0 100-0 0-375 100-0
Concentrate..... e e 8080 46-8 0-63 841
Talling. . vvven g ernrinerereaneasracnnss 691-0 53:2 0-105 15.9
2/4-hour sample:
Feed=Cyanide tailing............ccvvevinenn 1,308:7 100-0 0-375 100-0
Concentrate 536-2 41.0 0-71 77.9
Tailing, oo veinr it 772:6 590 014 22+1

Total Recoveries—Cyanidation and Flotation:

964 “
951 «
93 _3 ‘*

M4l Run No. 2

In this run, an attempt was made to produce a finer grind. The
slope of the classifier was reduced, giving a classifier overflow of 98 per
cent minus 325 mesh. The procedure of the test was the same as in the
preceding run. Samples were taken after 4, 8, and 12 hours, when cyanida-
tion was concluded.’

Cyanidation Results:

Clagsifier | Tailing,

Period of agitation, Per cent
overflow gol 1
ours gold, oz /tt’)n oz /to’n extraction
120 0-375 68-7
1.20 0-366 69:6

o 1-20 0-37 69-2
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Solution after 12 hours’ agitation:

Potassium cyanide. . ovuvueen s inin s irirecnsserrneesenianeses 1-35 1b./ton

1 T S e rerer et et ee e 02 «
Reagent consumption:

Sodium eyanide. . ovve. it i i e e, 0-35 lb/ton

51T T P 5.8 &

Flotation of Cyanide Tailing. Samples taken at 4, 8, and 12 hours
were floated 4s in the preceding run. Owing to larger samples having been
taken, the reagent additions were less than in Mill Run No. 1.

Reagents:
Lb/ton
S ToTs F T T 2.8
Copper SUIPIAbE. . vttt et e e iaaas 0-6
Amylxanthate....coovniiiiiiii i i i i it 0:23
o9 O cers 0-14
Results:
. . s Distribu-
Weight Weight, Assay, y
Product grammés per cent Oi%%'n tg’é},’ fe(ﬂg’
4-hour sample _
Feed=Cyanide tailing..................c.000n 1,753-5 100-0 0-375 100-0
Coneentrate. . .. vvr s iri e ianne i 763.5 43-5 0-72 83:5
5 1517 N 990-0 565 0-11 16-5
8-hour sample:
Feed=Cyanide tailing................o0neen, 1,7713.5 100-0 - 0-365 100-0
Concentrate. .. .ovviriiiiiiii i 597-5 33.7 0-75 67-9
Tailing.o..oovevvninnes e ereseaetereeaas 1,176-0 66-3 0.18 32-1
12-hour sample:
Feed=Cyanide tailing.........cooiiiiniannn, 1,779-0 100-0 0:37 100-0
Coneentrate. .. .ovvveiiiiieiii i 621-0 34.9 0-74 70-0
B3 11T 1,158:0 65-1 017 30-0

Here again is shown the effect of increased time of cyanidation on
the flotability of the sulphides. The 4-hour sample was much faster
floating than thie others. However, the rate of flotation can be governed
by reagent conditions.

CYANIDATION OF ROASTED FLOTATION CONCENTRATE

The flotation concentrate obtained from a large sample of cyanide
tailing after 12 hours’ agitation was dried and roasted until free from
arsenic and sulphur fumes. Toward the end of the roast, the temperature
was raised to approximately 950°C. The product from the roast had the
following analysis: gold, 0-93 oz/ton; arsenic, 0-39 per cent; sulphur
trioxide, 268 per cent; sulphur, 1:09 per cent; lime, 1:19 per cent; iron,
42.2 per cent. Roasting resulted in a loss in weight of 306 per cent.
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After roasting, the product was ground for 30 minutes in water,
filtered, and washed. Portions were then cyanided for 24, 48, and 72
’ hours, 1 :3 dilution, with a cyanide solution equivalent in strength to
2-0 pounds potassium cyanide per ton. Seven to nine pounds of lime
was added to supply protective alkalinity.

Results:
2)-hour agitation:
YT N eveeiareeiiae 0:93 oz/ton
T ailing ..t veusennirensenseeranssssmsonnons .. 053 “
057 2T ) RSN 43.0 per cent
Reagent; consumption: Potassium eyanide................... .. 1:2 1b/ton
3 T SO 6-0 “«
48-hour agitation:
005 3 0:525 oz/ton,
5047 Y017 (o) | WA AN 43.6 per cent
Reagent consumption: Potassium cyanide...........oovvevnen. 1-2 lb/ton
)5 V- TN 6-3 “
72-hour agitation:
05 1 0-535 oz/ton,
BExtraction. ..ovivviriviininnnanns e tatereeti i ,.42:2  per cent
Reagent; consumption: Potassium cyanide...........coovvvunns 1-05 1b/ton
LAme.....eeiiiiiiiiiiii i 7.8 “

CYANIDATION OF ROASTED BEATTIE MILL CONCENTRATE

A sample of the concentrate as received was given an oxidizing roast,
finishing at about 900°C. The roasted product had the following analysis:

Gold.....oovuunnns RPN Ceereieen Cerreerenaes Ceerrenitiiarraees . 1:53 oz/ton
ATBENIC. v vt vt vrar et iries trrenerrer i teveervenessesieesss. 0:26 per cent
Sulphur......... R PPN PPN veveeveanane.. 1483
Sulphur trioxide......oovvvviiieneinn.s eeeirereienes Ceveeieiniee., 4038
ime........ et e e AU P 3:56 ¢

Test No. R-1

A sample of the roasted concentrate was ground for one hour in water,
filtered, and washed. It was then agitated for 48 hours, 1 : 3 dilution,
with a cyanide solution equivalent in strength to 1.5 pounds potassium
cyanide per ton. Seven pounds of lime per ton was added.

Results:
2}-hour agitation:
Y e 1.63 oz/ton,
Tailing..oveviviiverrevnenennns 0-17 “
Extraction 88:9 per cent
Reagent, consumption: Potassium cyanide..................eu. 0-76 1b/ton
B 55+ V- TR b4 “
48-hour agitation:
Tailing....viiiiveiinnsensrininssneiieriinnsinsas veveeeses. 04185 0z/ton,
B XEEACHION. vt vvvevevreve e tnrernaneenroensevnsosossonesonaosnss 87-9 per cent

Reagent consumption: iptaseium cyanide...ovevririienraianns ég lb‘/‘ton
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Test No. R- 2

A sample was ground as above together with 10 pounds of limeTper
ton, filtered, and washed. It was then cyanided as in Test No. R-1.

Results:

24-hour agitation:
Teed..... . e earerebeereaea, 1.53 oz/ton,
Tailing . . . .. 0-185 “
Extraction . e, hereenes 87-9 per cent
Reagent consumption: Egtassium cyanide... O-g lb‘/‘ton

48-hour agitation:
Tailing....ocovvvnnn, ey e ereaieneterehaaas .. 0-145 oz/ton,
B 050q 7 e 1o | 80:5 per cent
Reagent consumption: Potassium cyanide.......cvvveerennnnn. 1-2 lb/ton

Lime. e eieenvinnns PN 6-3 ¢
Test No. R-3

A sample was ground in water with 10 pounds of lime per ton. It
was then agitated for 48 hours, 1 :2% dilution, cyanide being addedito
bring the strength of the solution to 1-5 pounds potassium cyanide per
ton.

Results:
Teed..... 1-53 oz/ton,
Tailing.... . 0:15 «“
EXbraction. csv e ersvurrenseasnsessansossnseninanss . 90-1 per cent
Reagent consumption: Potassium cyanide........... . 1:0 1b/ton
31017 T Nerrersanens 10:5 “
Test No. B-4

A sample was ground in water without lime and the pulp was then
diluted to 1 :2%, cyanide added to make a 1-5 pound potassiumfcyanide
per ton solution, and 10 pounds of lime per ton added. Agitation was
carried on for 48 hours.

Results: :
T O feerereeraaaes 1.58 oz/ton,
Tailing....... e . 015 “
Extraction,.veerereraiasn RN Chvaes Cesrsnnses resaes . 90-1 per cent
Reagent consumption: Potassium eyanide..........covvvvnn. .. 2.7 lb/ton
Lime..ovvveiniriiiniinennns Ceerereanes 10-5 ¢
Test No. R-5

A sample was ground for one hour in water with 10 pounds ofglime
per ton and then aerated for 4 hours, filtered, and washed. It was then
cyanided for 48 hours, 1 : 2% dilution, with a 2-0 pound potassium cyanide
per ton solution. Lime was added to maintain about 0-2 poundslime
in the solution. :

Results:
Feed....... erererarenes Ceverererreeaas PN rererreaes . 1.53 oz/ton,
T alinE . v uvtr i ienrireernronenresnsnsenacan . 0:15 “
Extraction. v.. 901 per cent

Reagent consumption: Potassium cyanide.............. eveas ., 1-4 lb/ton
A v veverirnsrneniianreersnsessenes 1946 “
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These results indicate that to obtain highest recoveries with low
reagent consumption, the roasted product should be ground with lime.
Filtering of the pulp prior to cyanidation apparently is not necessary.

CONCLUSIONS

The recovery by cyanidation, as indicated in Tests Nos. 1, 2, and 3,
will only be obtained in practice by extremely fine grinding. This operation
carried out in a ball or pebble mill should give a produet more suitable
for cyanidation than that of Mill Runs Nos. 1 and 2, in which grinding
was done in a rod mill.

Thorough washing of the cyanide tailing prior to flotation is essential.
The character of the froth can be controlled by the amount of soda ash
added to the conditioner.

Amyl xanthate appears to be somewhat more suitable than sodium
xanthate.

These tests indicate that extractions ranging from 77-8 per cent
to 68:7 per cent may be obtained by cyanidation, and that from 55 per
cent to 88 per cent of the gold remaining in the cyanide tailing can be
recovered in a concentrate containing from 0-50 ounce gold to 0-75 ounce
gold per ton. The ratio of concentration will be approximately 2 :1
to obtain the lowest flotation tailing,

The investigation shows that an 8-hour cyanide treatment will be
sufficient to obtain maximum extraction.
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Ore Dressing and Metallurgical Investigation No. 580

GOLD ORE FROM THE BUSSIERES MINING COMPANY, LIMITED, '
SENNETERRE, QUE.

Shipment. A sample shipment of 3,600 pounds of gold ore was
received June 11, 1934, from the Bussiéres Mining Company, Limited,
Senneterre, Quebec.

Analysis:
L7 ) £ S 0-26 oz/ton
(073 13 0-16 per cent

Characteristics of the Ore. Six polished sections of specimens of the
ore were prepared and examined microscopically.

The purpose of the microscopic examination was to defermine the
mode of oceurrence of the chalcopyrite with a view to determining roughly
the grinding and degree necessary in order to float the chalcopyrite from
the pyrite.

The gangue is complex; some is white quartz through which occurs
numerous needles of tourmaline; some is mottled quartz and black to
light-green silicates; patches of white carbonate are conspicuous, and
some contain streaks of light-green stain, possibly due to copper. Cor-
roded grains of leucoxene (?) are common in the silicates. '

The only metallic minerals noted in the polished sections arve pyrite
and chalcopyrite. Pyrite occurs as irregular grains and imperfect cubes
disseminated in the silicates, and, more rarely, as large coarsely crystalline
masses. Chalcopyrite oceurs as very irregular grains mostly in the gangue,
but a small quantity is contained ag small grains in the pyrite.

Quantitative Analysis. A quantitative microscopic analysis was
carried out on the six polished surfaces, to determine the grain size of the
chalcopyrite and the degree to which it i3 combined with pyrite.
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TasLe I

Grain Size of the Chalcopyrite in the Ore

Cumulative
Mesh Per cent per cent
- TS N 12-5 12.5
28 3D i e e e e, 12-6 25.1
e el T 15-4 40-5
B - L 18-6 591
B L N 17-3 76.4
100180, .t e e e eeas 6:6 83-0
=1501200. 4 sttt e e e e 5.8 88.8
B 1 N 4.8 93-6
B J N 6-4 100.0
7 P
100-0

Of the total chalcopyrite in the ore, 13-4 per cent is combined with
pyrite. Of this, 10-5 per cent is comparatively coarse (4100 mesh)
and occurs against pyrite, and should be readily freed; while 2-9 per cent
occurs as tiny grains (—200 mesh) enclosed by pyrite and would be ex-
ceedingly difficult to free.

The figures given above, although only approximate, indicate that a
fairly high degree of freedom of the chalcopyrite from the pyrite should
be attainable with comparatively coarse grinding.

Purpose of Experimental Tests. The present flow-sheet used in the
mill is briefly as follows: The ore is ground in ball mills and concentrated
on blankets. The blanket tailing goes to flotation machines where a
flotation concentrate and final tailing are produced. The blanket con-
centrate and flotation concentrate are amalgamated in a clean-up barrel.
There is still much gold in the concentrate after amalgamation, and cyan-~
idation of these products is proposed.

Tests conducted separately on the blanket concentrate after amal-
gamation and on the flotation concentrate as produced showed excellent
extractions. The cyanide consumption on the flotation concentrate was
between 11 and 16 pounds per ton, and on the amalgamated blanket
concentrate only 2 to 3 pounds. The blanket concentrate contained 0-3
per cent copper, whereas the flotation concentrate ran over 2 per cent.
The cyanide solutions from the treatment of the flotation concentrate
showed a tendency to build up in soluble copper salts.

The purpose of the following experimental tests was to determine
if the copper could be selectively separated from this flotation concentrate.

ExpERIMENTAL TESTS

The test work was performed in a continuous unit at a feed rate
varying between 100 and 125 pounds of ore per hour.

The flow-sheet used was as follows: The ore crushed to 14 mesh was
fed to a small rod mill, grinding in closed circuit with a classifier. The
classifier overflow passed over a corduroy bianket to a surge tank where
the reagent for the flotation of the copper was added. The copper
was floated in six cells of a flotation machine. The feed entered No.

8471214
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3 cell, the concentrate from which was recleaned in No. 2 cell and
the concentrate from No. 2 cell was again recleaned in No. 1 cell. This
cell produced the final copper concentrate. Double cleaning was, therefore,
practised. The three remaining cells, namely Nos. 4, 5, and 6, were used
as rougher cells, the concentrate from which was returned with the feed
to No. 3 cell. :

The tailing from the copper cells was passed to four additional cells,
where a pyrite concentrate was made.

Reagents Used. The reagents used for this separation were as follows:
Cresylic acid was added to the surge tank for the flotation of the copper.
No other reagent was used, the flotation being carried out in a neutral
pulp. The quantity of cresylic acid added to the test work was 0-05
pound per ton. The pyrite was floated by the addition of 0-15 pound
of amyl xanthate per ton. '

Results:
Assays
IIPI““ Products
0. Copper Gold
per cent oz/ton
1 |Feed tomill ioireiniiririiireniieneeiiinenrarnrnneeronnas 0-16 0-2
Blanket tailing or feed to flotation.........coovviiiinininiennes 0-07 0-05
CopPOr CONCOMEIALO. ¢\ vrvt i tvronenereroertnseearoonnnenenens 23:06 4.41
Copper tailing......ovovvvnnns O 002 002
Pyrite concentrate............. r et et .. 0-18 0-32
Tailing.......... et et eerr ettt eiet et e earaaas nil 0-01
2 [Feedtomill....ivvvvvriensannn. rrereeeeeeeeaaaaas e ereeeneaees 0-16 0-26
Blanket tailing or feed to flotation..........ocovvvvnii .. 0-14 0:06
Copper concentrate............ et eeei e 18-94 4.41
Copper tailing............ 0.01 002
Pyrite concentrate . 0-16 0-34
Toailing. .ouiveriiennreeiiinniiranens P NN 0-01 0-01
3 [TFeed tomill...ovovivirvnniian, SEERTRR Cersentasoias vessanesas 0-16 0:26
Blanket tailing or feed to flotation........... Ceieeeans - - 0-19 0-05
Copper concentrate 20-90 398
Copper tailing............ 0-02 0:015
Pyrite concontrato..oovieieneviiiiniinas rersaraeian .. . 0.17 0-39
Tailing,..oovvenns et eeesaeeniaes et erere ettt 0-01 0-0075
4 [Feed tomilli..oivviviiiinsinnnn T RP PPN Cererreiinieitanae 0-16 0-26
Blanket tailing or feed to flotation........ocevvennn. .- .. 0-14 0-045
Copper CONCONEIALO. v vvvvsiieerorssereiorsssnrrsenens 15-96 3-94
Copper tailing....coovvinenss N Cevsaretriniannes 0.01 0-016
Pyrite concentrate............ TN Crereseies e . 0-16 0-39
Tailing, .ovveveens FS errraeees Ceevervens 0-005 0-01
Screen Tests on Feed to Flotatron:
Porcentages
Run No.
+48 l +65 l 4100 ] +150 -+200 l —200 Totals
148 C 1447 17.0 465 100-0
18.3 136 16.7 47.0 100:0
4.2 12.2 22-2 61-56 . 100:0
3.7 9.7 22.3 64-3 100-0
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SUMMARY OF RESULTS

Using an approximate average of the cop?fer a)ssays for the four runs,
-1

(1)

and using the two product formule C = F , the results obtained
show the following tonnages:—

Feedtomill.... .ottt it ittt e, 1000 tons
1.0 (3

Copper concentrate. .. 0.7 «
Pyrite CoOnCentIate. . .uuussireereierrrerrierierrrvereiserasnniecannas 4.4 ¢
B0 T 93.9 ¢

The blanket concentrate for the entive four runs assays: copper, 036
per cent; and gold, 4-26 ounces per ton.

Using the average gold assay for the four runs, it can be seen that
about 60 per cent of the gold was retained in the ball mill and classifier
circuit, and this accounts for the low assay of the pyrite concentrate.

There is a possibility that the copper concentrate will run higher
in gold after the grinding circuit becomes saturated.

CONCLUSIONS

A high-grade copper concentrate can be produced, as can also a pyrite
concentrate that will contain less copper than the blanket concentrate.

Six flotation cells will be required to produce the copper concentrate.
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