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SUMMARY OF RESULTS

The results of the investigation show that
a gold recovery in excess of 95% can be attained by
straight cyanidation of the ore and over 98% by amal-
gamation followed by cyanidation of the amalgamation
residue.

In the flowsheet outlined in Test 5, an over-
all recovery of about 97% of the gold and about 85% of
the silver was obtained by the amalgamation of a jig
concentrate followed by the flotation of the jig
tailing and the subsequent cyanidation of the flotation

“tailing.

In this test a final lead concentrate
assaying 60,207 Pb and a final zinc concentrate
assaying 54.27% Zn were produced. The recovery of
these elements was lower than might be expected in a
full-sized plant.

X pechnical Officer, Mineral Processing Division, Mines Branch,
Department of l!Mtines and Technical Surveys, Ottawa, Canada.



eburgoyn
Declassified


CONTENTS

‘Sunmary of Regults « « « .

Introduction . « « o » .‘.‘

Location of Property .

Shipmen't o ¢ & o o o o

Nature of Investigation Requested.

Sampling and Analysise. ¢« o o o o o

Mineralogical Examination
Method of Examination

Results of Examination

Details of investiga%ion R

Conclugions o o o 0 o o

Acknowledgements » + o« +

.

T S T

14

15




INTRODUCTION

In a letter dated August 7 1961, from the consulting engineering
firm of H. Hill and L. Stark and A530011tes Ltd., 844 West Hastings Street,
Vancouver 1, B.C., Mr., L. P. Stark asked the Hlnes Branch to undertake an
investlgatlon on a gold ore from McKinney Gold lMines Ltd., Rock Creek, B.C.

Location of Property

The property of McKinney Gold Mines Ltd. is reached by a seven mile
branch road running north from llighway No. 3, three miles east of Bridesville
in south central B.C. Rock Creek, a statlon on the Kettle Valley branch of
the C.P. R.,1s nine miles east of the above road junction on Highway No. 3.

ShiBment

On August 22, 1961, a 160-1b shipment of lump ore was received at
the Mines Branch in Ottawa,

Nature of Investigation Requested

As this was essentially a gold ore, the primary purpose of the
investigation was to develop a flowsheet for the recovery of the gold., Of
secondary importance was the concentration of the small amounts of lead and
zinc in the ore.

Sampling and Analysis

. Several representative pieces of the ore were selected for a
mineralogical study and the remainder of the shipment was crushed to -10 mesh.
A head sample was riffled out for a chemical analysis. A semi-quantitative
Spectrographlc analysis of a small portion of the head sample showed only
lead and zinc in economlc amounts.



TABLE 1
Results of Chemical Analysis of Head Sample

Element
Gold (Au) 1.79 oz/ton
Silver (Ag) 1.72 "
Lead (Ph) 0.82 7
Zinc (Zn) 1.14 "
Copper (Cu) 0.12 "
Nickel (Ni) 0,02 "
Iron (Soluble Fe)] 4.80 "
Sulphur (Total S)| 3.60 "
Insoluble 74.60 v

"From Internal Report MS-AC~61-§48.

MINGRALOGICAL EXAMINATION®

Method of Examination

Four polished sections were prepared and the minerals identified by
microscopical and Xwray diffraction studies, A -66+200 mesh fraction of the
sample was separated into fractions by means of heavy liquids.

Results of Examination

The metalllc mlnerals present in the sample are pyrite chalcopyrite,
-galena;, sphalerite, pyrrhotite, and a mineral tentatively regarded as a
telluride. The non-metallic minerals are quartz, altered feldspar, dolomite,
rutile, and garnet, :

Pyrite, the pr1nc1pa1 metallic m1nera1 occurs as masses and as Sub-
hedral grains dlssemlnated in the gangue, The pyritc grains range between
0,02 mm and 0,6 mm in diameter and contain numerous veinlets and tiny rounded
blebs of chalcopyrite, galenw, sphalerite, and a cream-coloured-mineral that
may be a telluride (see Figures 1 and 2). The blebs and tiny veinlets of the
cream~coloured mineral are so small that they cannot be positively identified,
but their optical properties are similar to those.of gold—511ver telluride.

' The chalcopyrltc galena and sphalerite also occur as larger irre~
gularly-shaped grains (sce Figure 3). The chalcopyrlte and galena graing range
up to 0.5 mm, and the sphalerite grains up to 0,2 nn, in diameter, - The sphal-

. erite contalns rounded chalcopyrite blebs up to 5 microns in diameter (sce
Figure 4), -

-y oy

X Internal Report Wo, 1¥5-61-89, by W. Petruk, September 19, 1961,













Test 2 and 3

The wmalgamwtlon residue from Test 1 was aplit into two fractions
for cyanidation, .

Each sample was_cyanided for 48 hr at a solution strength of 1.0 1b

NaCN/ton and 1.0 1b lime/ton. In Test 2 the water:solids ratio was 5:1 and
in Test 3 it was 10:1. The results of these tesis were as followss

TADLE 3

Results of Cyanidation of Amalgamation Residue from Test 1

Grind | Agitation Reagent Consumption [ail Assay:d Im%ractionﬁk
Test o Time 1b /ton Ore oz /ton %
No ~200m h NaCN €20 Au Au
2 | so.7 48 1.30 4.10 0.02 88.6
3 " " 2.00 5.60 0.02 88,6

o From Internal Report lB-AC-fl T4

A& rpe extraction was calculated by difference on a head assay
of 0,176 oz Au/ton,

. The pverdll extraction of gold in the.first three tests may be
summarized as follows:

By amalgamation - 90.2'%
By cyanidation - 8.77%
Total - 98.9 %

Test 4

A 6000~g sample of «10 m ore was riffled out and jigged in 2000-g
lots in a Demver laboratory jige. The jig tailing was retained Beparately
for grinding and flotatlon., B

The combined jig conccntrate welghing 318.0 g,was ground for 1 hr
and amalgamated for 2 hr w11h 1.0 1b Jimc/%on of concentrate and 10 ml of
mercury. The amalgam and a small portion of the amalgamation residue were
assayed for gold.



TABLE 4

Results of Amalgamation of Jig Concentrate from Test 4

Jig(co§z§?trate 21,58 oz Au/ton
ca

Amalgamation residue| 9.12 oz Au/ton

¥Amalgam 12.46 " "
Extraction %, Au 57.7

Assays from Internal Report MI-AC-61-989.,

XAmalgam assay expressed in oz Au/ton of
jig concentrate.

The rather low extraction of 57.7% is due probably to the presence
of floured mercury, some of which may have been inadvertently washed into the
amalgamation residue during the cleaning operation.

The jig tailing was ground to 66,0% ~200 m in 2000-g lots with 1.0
1b NaCN/ton and 0,3 1b ZnS0,/ton.

Three lead rougher concentrates were floated and combined, using
Aerofloat promoter 31 and cresylic acid in the amount of 0,04 and 0 02 1b/ton
respectively. The combined lead rougher concentrate was cleaned after
conditioning with 0,1 1b NaCN/ton and then was recleaned without additional
reagents in a 50-g flotation cell.

After the lead flotation the pulp was conditioned with lime to a
pH of 10,0 and then was further conditioned for 5 min with 1.0 1b CuSO4/ton.
Sodium Aerofloat and cresylic acid in the amount of 0.1 and 0,02 1b/ton
respectively were used to float a zinc rougher concentrate which was cleaned
twice with no additional reagents being used.

In Table 5, the results of the flotation of the jig tailing are
shown, along with the extraction of gold by amalgamation.




_ TABLE 5 i
Results of Flotation of Jig Tailing from Test 4

Weight | Assays® Distribution
Product | % oz /ton % %

o - Au b in Au j ) In

. Hg amalgam** - 0,664 - - 34.1 - -
Ib recl concentrate| 1.8 | 37.37 |26.48|19.30| 384.7| 62.6| 28,8
"% tajling 0.4 45,50 | 4.40{15.00f 9.4 2.3| 5.0
"ooel " 1.6 | 7.5 | 5.83) 9,11} 6.2 12.2}| 12.1
Zn recl concentrate| 0,6 | 2,73 1.06 | 39.64 0.8 0.8} 19.7
" " tailing | 1.6 | 1.135| 0.46116.,73} 0.9]| 1.0] 22.2
" el " 2,8 1,61 | 0.86| 2.38] 2,3 3.2 5.5
Flotation " 91,2 "0.247 | 0.15| 0,09 11.6]| 17.9| 6.7
Head (caled). 100.0 - | -1.943 | 0.76 | 1.21{ 100.0{ 100.0 | 100,0

 Xprom Internal Report MS-AC-61-989.

k¥ pssay expressed in oz Au/ton of feed.

Three samples of the flotation tailing were riffled out and were
cyanided for 24 hr, 48 br and 72 hr at a solution strength of 0.5 1b NaCN/ton
and 0,5 1b 1ime/ton and at a dilution of 2:1. The resulis were as follows: .

TABLE 6 -

' Results of Cyanidation of Flotation Tailinglfrom Test 4

- 1 - : L
Grind | Agitation | Reagent Consumption|Tail Assay Exiractig%k
a2 Time | - 1b/%on Ore - |. oz/ton] %
-200m | hr “NaCN - Ca0 - Au Au
6640 24 | o0.98 2.20 | o0.0075| 97,0
e 48 1.14 2.56 0.005 98.0

" -T2 1.20 2.84 0,004 98.4

Xrrom Tnternal Report US-AC~62-54,

*Xhe extraction was. calculated by difference on a head assay
of 0,247 oz Au/ton.




'The .overall gold recovery from Test 4 may be summarized as follows:

By jigging and amalgamation ~ 34.1 %

¥By lead flotation - 48.7 %
By cyanidation, 48 hr ~-11.4 %
Total - 94.2 %

¥The lead middling products contain 15.6% of the gold, It has
been assumed that 90% of this gold is recoverable.

Test 5

In Test 4 the extraction by amalgamation of the jig tailing was low,
probably due to floured mercury in the amalgamation residue,

In the present test approximately 8000 g of -10 m ore was ground in
lots of 2000 g each for about 5 min, FEach lot was jigged to recover a jig
concentrate, The four jig concentrates and the jig bed were combined and the
resultant concentrate,weighing 356.0 g, was ground for 15 min in a porcelain
mill, :

The ground pulp was amalgamated for 3 hr with 2,5 1b lime/ton of
concentrate and 20 ml of new mercury. The amalgam and a sample of the
amalgamation residue were assayed for gold. During the amalgam cleaning, a
careful check was made for floured mercury. The results of this phase of
Test 5 were as follows: '

TABLE 7

‘Results of Amalgamation of Jig Concentrate from Test 5

Jig concentrate 22,935 oz Au/ton
(calcd)
Amalgamation residue 1.145 " "
XAmalgam 21,790 " "
* Extraction %, Au 95.0 '

Assays from Internal Report MS-AC-62-~712,
*Amalgam assay expressed in oz Au/ton of jig concentrate,

The remaining amalgamation residue was added in equal parts to the
four jig tailing fractions, FEach fraction was then ground for 15 min and the
lead and zinc were recovered by flotation. The combined lead rougher concen-~
irate and the combined zinc rougher concentrate were each cleaned in a 500-g




Denver flotation cell, and the cleaner concentrates were recleaned in a 50-g
cell, This was an attempt to establish the fact that high-grade concentrates
could have been produced in a conventional flotation cell if enough material
had been available for the cleaning o peration. :

The lead and zinc cleaner tallings vere added to the rougher tamllng
for subsequent cyanidation. This was to determine whether it was feasible to
recover the gold in this fraction at this point or whether, due to the
percentage of lead and zinc in this fraction, it would be necessary to re- .
cycle the cleaner tailing to the head of the flotation circuit. Unfortunately,
due to an oversight, the cleaner tailing fractions were not assayed prior to-
their being mixed w1th the rougher tailing. However, since the flotation
schemes. of Test 4 and 5 were almost identical, when one compares the flotation
tailing results in Test 4 with those obtained in the present test, it is
obvious that a major portion of the lead and zinc in the feed to cyanidation
is due to the inclusion of the 1ead and zinc cleaner taxl1ngs.

In Test 5 the following flotation scheme was,used

rfTo.grinding:v Sodlum sulphite/ 1. O 1b/ton ore

Zinc sulphate -~ 0,5 w n
‘Aerofloat 208 = - 10,05 "wow oo
Aerofloat 31 ; 0. 04 v

. To 1lead flotation: Aerofloat 242 = 0,02 " "
- (8 mln) . - Cresylic acid - 0, 02n v w

o 1ead cleanéf'flota{ioh:" ‘
' ~ Sodium cyanide

: 0.02 ll " -1
To lead recieaner flotations |
' No reagents,

To zinc conditloner- T : : .
(10 mln) Lime . , = 0,5 "W " (pH - 10.1)

. Copper sulphate =~ 1,0 mn w
Sodium Aerofloat - 0,09 " '! "

‘To zinc flotation: - ‘ : . ,
(4 min) Dowfroth 250 - 0,02 " "

No reagents were added to the zinc cleaner or recleaner cells.

The followmng table shows the results of this flotation test and
the ettraction of gold by amalgamat10n°4 :




TABLE 8

Results of Flotation of Jig Tailing from Test §

X
, Assays Distribution
Product We;ght oz /ton %
0 Au Ag Pb in Au Ag Pb Zn
Hg amalgan?t - 0.99 - - - 64,7 48,2 - -
b recl conc 0.4 36.88 }61.29) 60,20} 5.80 9.6 14.21 41.0 2.4
" " tailing 0.9 23.88 [33.79] 20,17} 16.47} 14.0 17.71 30,9115.0
" 01 " (3.4) - - L - - - - -
Zn recl conc 0.4 0.88 2.00 0.67154.27 0.2 0.5 0.4122.0
" " tajling 0.4 1.31 2.83 1.51}129.03 0.4 0.7 1.0111.8
"ol "ﬁﬁ# (2.1) - - - - - - - -
Flotation " 97.9 0.175( 0.33] 0.17| 0.49] 11.1| 18.7| 26,7 | 48.8
Head (calcd)}100.0 1.53 1.72 0.59} 0.98;100.0¢{ 100.0}100.0 1100.0

JtFrom Internal ReporisMS-AC~62-712 and MS-AC-62-863,

Jt*Assay expressed in oz Au/ton of feed,

Based on head assay
of 1.72 oz Ag/ton,the recovery of Ag by amalgamation was
calculated by difference., '

Includes lead and zinc cleaner tailing.

Three samples of the flotation tailing were cyanided for 24 hr,

48 hry, and 72 hr at a dilution of 2:1 and a solution strength of 0.5 1b
NaCN/ton and 0.5 1b lime/ton.

The following table shows the results of the cyanidation testss
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TABLE 9

Results of Cyanidation of Tlotation Tailing from Test 5

Grind 'Agitation - Reagent Consumption Tail Assafk E&iraction#k
% Time 1b/ton ore oz /ton %
“2009 ' hr NaCN. Ca0 | Au Ag Au Ag
66,0 .- 24 - 0,88 1,00 }Jo.,02 | 0.16 | 88.5 51.5

" 48 1,20 | = 1.68 [0.017] 0,12 |90.3 | 63.6

" 72 1.32 1.92 10.,015) 0.12 |91.4 | 63.6 |

summarized as follows:

“Kprom Interhal Report MS-AC~62-863.

**Ehé extraction was calculated by difference on a head
assay of 0.175 oz Au/ton and 0.33 oz Ag/ton, '

The overall recovery of the gold and silver in Test 5 may be

Au Ag

By jigging and amalgamation - | 647 % 48,2 % '
¥By 1ead flotation - 22,2 % 24,8 %
By cyanidation (48 hr) = - - 10.0 % 11,9 %
{, Total - - - 96,9 % 84,9 %

*The lead recleaner tailing contained 14.,0% of the gold and 17,7%

 of the silver, It has been assumed that 90% of this gold.and

- 60% of this silver will be recovered in plant operation, either
in the final lead concentrate or in the flotation tailing,in
which product they are subject to cyanidation,
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Test 6

A 5000-g sample of -10 m ore was ground to about 65,07 =200 m and
was cyanided for 72 hr at a dilution of 2:1 and a solution strength of 0.5
1b NaCN/ton and 0.5 1b lime/ton, The pregnant solution was retained and was
assayed to determine the extraction of gold by cyanidation., The cyanide
residue was subjected to flotation to recover the lead and the zinc., The
flotation conditions and the reagents used were identical to those shown in
Test 4, The results obtained in this test may be seen in Table 7.

TABLE 10

Summary of Results of Test 6

: ’ : Assays# Distribution .
Product W’e;ght oz fon 7 y |
Au Pb in Au Pb In
. (23,4 "
Pregnant solution. litres) 0,332 - - 95.9 - -
Pb rougher conc 2.2 0.70 18.76 | 10,00] 1.0| 50.7 17.9.
Zn ol conc 1.8 | 0.305 | 3.12 |20.78| 0.3] 6.9 | 43.6
" " tailing 2.4 0.220 3.44 |11.50{ 0,3} 10.2 22,5
Flotation tadling 93.6 0.0425 ] 0.28 ] 0.21} 2,5] 32.2 16.0
Head (caled) 100,0 1,616 0.81{ 1.23{100.0{ 100,0 | 100.,0

lt'From Internal Report MS-AC~-62-240,

Test 7

A 5000-g sample of ~10 m ore was ground to about 65.07% -200 m and
a lead and zinc concentrate were recovered,using the same reagents and
conditions shown in Test 4., The flotation tailing was cyanided for 48 hr at
a solution strength of 1.0 1b NaCN/ton and 1.0 1b lime/ton at a dilution of
2:1. The following table summarizes the results which were obtaineds
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4TABLE 11

B Summary of Results of Test 7

» o . Assays® o } _Disffiﬁﬁtion -
Product =~ W?;Ght_ “ozfton | . " % . .. %

’ I Au Pb Zn Au b Zn

Pb ol concentrate | 1.3 | 33.89 |30.80 | 9.63 | 26.9| 50.6| 10.8

"M tailing 3.8 . |- 13,20 | 3.12 | 9.91| 30.8( 24.7| 32.4

Zn " concentrate] 0.8 .| 12.22 | 3.30 {44.75| .01 3.3| 30.8

"M tailing 1.5 | o170 | o.85 | 4.6 | 1.6{ 1.6| 5.4

Py At 21,22 - § = 1

Pregnant solution (1i%res) 0.53’ I 32.21 -1 -

Cyanide residue 92,6 | 0,045 | 0,17 | 0.26 | - 2,5| 19.8{ 20.6

Head (calcd) | 100,0 1.64 | 0.79 | 1.16 | 100.0 |100.0 | 100.0

o From Internal Report MS-AC~62-240," °
CONCLUSIONS -

: The gold in thls ore is readlly recoverable by stralght cyanldatlon
or by amalgamatlon folloved by cyanldatlon., , S

The results of Test 1 show that about 907 of the gold is free-
milling., It is important that the flowsheet for treating this ore should
include a method of recovering this free-milling gold as soon after liberation
as possible, This is normally done by placing a jig between the ball mill and
the c1a551fler,or by amalgamntlon of . the ground ore, '}' o

In Test 5 a Jlg concentraie was recovered from a sample of coarsely

ground ore which, when amalgamated, ylelded 95% of the gold in the concentrate, .’

representing a recovery of nearly 65p of the gold in the ore. A calculated
recovery of 48,2% of the silver in the ore was obtained in this test by
amalgamation., Flotation of the 313 tailing recovered an additional 9.6% of
the gold and 14.2% of the silver in a final lead concentrate assaying 36,88
0z Au/ton, 61.29 oz Ag/ton and 60,20%.1ead. Cywnldailon ‘of the flotation
tailing recovered en additional 107 of the gold and 11 «5%. of the silver.

If it is assumed that 907 of the- gold and 607 of the 31lver in
1he lead recleaner tailing will be recovered in the final lead concentrate
and/or by cyanidation of the final flotation tallxng, this flowsheet will
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give an overall recovery of nearly 97% of the gold and nearly 85% of the
silver,

Although the lead and zinc contents of this ore are low, the
investigation disclosed that saleable grades of these concentrates can
be produced, It is expected that the recovery of these elements will be
higher in a plant operation in which the middling fractions are re-~
circulated than could be obtained in laboratory tests.
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