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OTTAWA 	December 30th i  1941. 

REPORT 

of the 

ORE DRESSING AND METALLURGICAL LABORATORIES. 

Investigation, No. 1139. 

Experimental Tests on Gold Ore from the 
Aetna  Prospect in Sudbury Mining Area, Ontario. 

Shipments:  

, Nvo shipments of diamond  drill  cores were recelved: 

Shipment No. ,1 (on September Sth e  1941),weighing 9 pounds, 

and Shipment No.  •  (on September 23rd,  1941), lereighilig 11 

pounds. As received, the former was a pulveriZed product , 

and the latter was minus half inch crushed material. The 

samples were from the Aetna Prospect in Sudbury Mining Area,' 

Ontario, They were submitted by M. Black, Mill  Superintendent, 
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(Shipments, contld) - 

Wright-Hargreaves Mines, Limited, Kirkland Lake, Ontario. 

Purpose of Investigation: 

Mr. M. Black, in his letter of August 21st, 1941, 

requested an analysis of the samples of ore "so that we 

might learn the nature of the extremely active cyahicides," 

and, in his letter of September 3rd, 1941, that "a few 

small scale tests" be made. 

Characteristics of the Ore: 

Six polished sections were prepared and examined 

microScopically for the purpose of determining the character 

of the ore. 

Gangue - 

The gangue is a mixture of MIlky-white quartz and 

soft greenish-grey rock. In one section there is also 

exposed a small patch of pinkiSh-white carbonate which gave 

no microcheMical reaction for iron ndr manganese. 

Metallic Minerals - 

The metallic minerals are quite abUndant. In 

their approximate order of decreasing abundance, the follow. 

ing metallic minerals are present in the poliàhed sections: 

pyrite, arsenopyrite, chalcopyrite and bornite. Although 

no free gold Was observed in the polished sections, sone 

free gold lvas present in a jig concentrate. 

Pyrite and arsenopyrite are,commonly massive and 

coarie-textUred . bgt,enigll emoUnts-are 4eeemihated in the 

• finer .SizeOalso-. .TheY are often ihtimately eMixed and, 

in general :,'the arsenopyrite is not so cOarse,grained as 

the pyrite.. ,Both sullphi4s oOntain numerousiclusions or 



- 0.45 oz./ton 
- 0.30 	° 
- 0.82 per cent 
- 2.-67 	" 
- 0.01 
- 0.12 
- 8.22 
- 2.50 
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0.40 	" 
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(Metallic Minerals, conttd) 

ganguéend chaicopyrite and are extensively veined with the , 

same two minerals. 

Chalcopyrite  is prevalent as small masses and 

coarse to fine irregular'grains in gangue; as "already hOted, 

it also occurà as numerous, irregular inciusions'and narrow 

veinlets  in. pyrite and araenopyrite. A very, smell quentity 

or bornite intergrown with Chalcopyrite is  visible,  in one 

section. 

Sampling and Analysis: 

The shipments were sampled by standard methods. 

The analyses were as follows: 

Shipment No, 1. Shipment No. 2. 

Gold (Au) 
Silver (Ag) 
Copper (Cu) 
Arsenic  (As) 
Niôkel (Ni) 
Mengenese (Mn) 
SulphUr (S) 
Pyrrhotite (Fe11S12) 

Cobalt (Co) 
Selenium (Se) 
Tellurium (Te) 
Antimony (Sb) 

Results of. Investigation: 

The results of investigation  showed thet the main 

cyanicides in the ore are the copper minerals :  and ersenopyrite. 

Ammonium sulphate, litharge and leaenitrate decreased 

the cyanide cOnsumption as well  as the  amount of cOpper in 

cyanide.  solutions. 	 • 

The. Cyanide consumption was decreased appreciably 

when the pulp was cyanided aftera, large portion - of the copper 

minerals was removed by flotation. Twenty-four hourstcyani-

dation of. the copper flotation tailing, ground to 93 per cent 
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(Results of Investigation, conttd) 

minus-325 resh,.gave a cyanide tailing assaying 0.035 ounce 

gold per ton and the sodium cyanide consumption was 2.4 

pounds per ton (Test No. 9). 

Selective flotation of the copper minerals and 

the pyritemarsenopyrite, folloWed.by passing the Tlotation 

tailing over corduroy strakes, gave a strake tailing assaying 

0,025 ounce gold per ton. 48.-hourecyanidation of the pyrite-

arsénopyrite and stràke concentrates, ground to 65,5 per cent 

minus 10 microns, gave a cyanide tailing assaying 0.06 ounce 

gold 'per tOn; the Sodium cyanide consumption was 11.1 pounds 

per ton. The gold value in the cyanide tailing and the strake 

tailing combined caldulate to 0,040 ounce per ton and the 

sodium cyanide was 4,8 pounds per ton of combined cyanide feed 

and strake tailing (i.e., copper'flotation tailing) (Test 

No. 8). 

Straight cyanidation.of the ore, ground to 78,0 

per cent minus 325 mesh, gave cyanide tailing assaying 0.07 

Ounce gold per ton. The cyanide conSuMPtion was 5.36 pounds 

per tOn when only lime and sodium cyanide were'used; addition 

of lead nitrate to the pulp decreased the cyanide consumption 

to 3.62 pOunds per ton. 

COpper concentrates, obtained by flotation, assayed 

from 9.03 to 14.50 per cent copper and 4.51 to 2.35 per cent 

arsenic. From 77,7.to  85 per cent  of  the copper was in the 

final copper cOncentrates. The copper cleaner tailings 

contained from 14.0 to 5,0 per cent of the  copper in the ore. 

In mill practice the copper cleaner tailing would be returned 

to the head of the grinding circuitl, this Would increase the 

copper redovery. From 50 to 6Q per cent of the gold was in 

the copper concentrates; about 40 per cent of the gold in the 
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(Results of investigation, cont , d) - 

ore can. be remoVed by amalgamation of  the copper - Concentrates 

(Test No. 3). 

The pyritearsenopyrite concentratee assayed over 

three-teths per cent copper. The pyrite-iarsenopyrite flota-

tion taii.ing »contained frOm 0.061 to 0.075  ounce  gold per ton. 

By passing the . tailing oVer the strakes, a strake tailing was 

obtained,  which asàayed 0.025 ounce gold  per  ton (Test No. 8). 

EXPERIMENTAL TESTS: 

FLOTATION0E - COPPER AND OYANIDATION.OF FLOTATION-TAILING. 

Test No. 1. 

In thià test an attempt was made to àbtain a 

copper concentrate by selective flotatiOn.. A sample of ore 

pulverized to . 84,3 per cent minus 200 mesh (Shipment No. 1) 

was agitated'in a flotation cell for 10 minutes With 2.4 

pounds of lime -and 0.08 pound of sOdium cyanide per ton of 

ore. Then 0.28.pound of .potassium  amyl xanthate and 042 

pound of pine .011 per ton of Ore  were added and the froth 

•as removed for 10 minutes. 

The rougher concentrate was cleaned by refloattng, 

using 2.0 pounds of. lime,. 0.04 pound of sodium cyanide, 0.04 

pound of potassium:amyl xanthate, and 0, 4 12 pound of pipe oil 

Per ton àf Ore. 

The pH of  the rougher circuit ecilution.wae 19.12 

luel_thatoetheelemiieenroultiolutionwità45, • _ 

,(COntinued on next page) 
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Cyanidation of.Flotation Tailing. 

: Low 	: 1:37 	: 1.37 : High 
: lime : lb./ton : lb./ton: lime  

Au: 0.22 oz./ton, 
Cu:  0.32 per cent.  

:A:B:C: D 
:(NH4T2SO4„: Pb01 : 

0.86 1.76 

1.08 

1.24 

452 , 

383 

69 
6 62 

37.9 
0.04 

81.8 

• 0457 

0.66 

228 

204 

24 
4,2 

17.6 
0.04 - 

81.8 
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(Test No. 1, cont'd) - 

Resulteof Flotation: 	 .  
: Weight,:  , 	Assa,y s, ,  : Distribution, 

proeuct 	• per 	:Oz,/ton:  per  cent 	: 	per cent 
. 	 .  

cent :. Au_ 	: 	AS 	Au 	Cu  

Feed 
Copper côncentrate 
Copper cleaner 

tailing 
Flotation tailing 

	

: 100.00 	0.41 	0.67 	2,67 100,0 100.0 

	

7.23 	2,58 	3.80 	6,63- 45,7 - 	41,2 

	

: 12.46 	0.36 	1.08 	2.67 	11,0 	20.2 

	

: 80.31 	0,22 • -0.32 	2.31 	43.3 	38.6 

CalcUIated value. 

The ore used in this test waà from Shipment No, 1, 

which -waS pulverized and standing for some weeks, hence it 

would be subjected to more rapid oxidation than it woUld when 

it a coarser state. This may account for the high copper 

content in the flotation tailing, 

'1111e f1otation. tailing, Which W$S abOut 78• per cent 

minus 325 mesh; was treated by cyanidation  for 24 hOurs. 

DilwLiOn (liquid to solid) 

NaCWtitratitinilb./ton of 
solution 

2.31. 	2.3:1. 	2.3:1. 	2.3:1. 

0.62 	0,96 - 
. 

CaO  titration/ ' lb /ton of 	. . , 	• solution 	 : 0.37 	0.42 
• 

4CNB, lb./ton of solUtiOn 	:: 1.71 	0..85 
: 	- 

Reducing poweric,c, N/10-  ,104n04/ : 
litre 	: 544 	420 

Reduciig  power  •ebe to Ifflpi 	. 
c,c. N/10'.KMn04/1J,tre  - 	527 • 	262 

• " ReduCing poWér-due'to Other 	. 	 . 
compolinds thàn,  MM.' 	: 
.c.04 IV1Q P414)/11-re. 	: 	17 	158 . 

NaCN consuble
'  

d lb.' ton or solidà : 6.9 	6.0 
Lime 	it -'- 	n 	It 	 : 18.1 	18.0 
Cyanide tailing, Aue  oz./ton - : 0.07 	0.055 
Per cent extraction of gold 	: 68.2 	75.0 
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(Test No. l e  contld) - 

Addition: of litharge to ,cyanidation pulp showed 

marked rédiictiOn in Cyanide consuMption, 

Test. No.. 2. 

Tn this  test  the  ore erom Shipment w),. 2. was 

Uaed. , A sokinple of ore, Criland to minus 14 Mesh was ground 

tO minus _74,6 per,  cent minus: 200 meah with 2.0 pounds of 

lime .and 0.12 pOund of SOCUUM cygnide . per ton of ore. The 

copper .  .mlneralé , Were floated  with 0.10 , pound of  potassium 

amyl  canthate and M..2  pound of pine oil ,per,  ton. 

'Tb,s rougher ccincentraté was cônditioned  10 minutes 

with 2.0 pOunds of  lime and 0,04- poUnd' of sodiuM cyanide per 

ton of ore and. cleaned by refloating *Using 042 poUnd of pine 

oil per .tôn of o re. 

Tho PH of the rougher pirCigt  solution  was 9 -.5 

624(1thiWof othencleaneruâtrènlitidlolutienwei0()10 -.'5. 

Results of Flotation:  
: Weight,: 	A s S .  a y  s , 	Distribution, 

Product 	 per 	loz:/ton:.  per cent  • 	per  cent 	, 
• cent  • Au 	,Cu ,:As:. 	: Cu  

Feed 
Copper cOnc'entrate 
Copper cleaner 

tailing, 
Flotation 4ailing 

	

: 100.00 	0,64 	0.94, • 	• 100•0 100.0 
: 	6.60 	5.60 	12,04 - 3,43 57.7 	85.0 

: 	9.88 	1.18 	1.00 	18.2 	10.5 

	

83.52 	0.185 	0,03 2.48 .24.1 	4.5 

Ratio of concentraticine 15,1i1. 

The eiptatio# tailing 'was.' regroUnd to ,69.0 per , 

Cent minuS 3.?8' meSh  and  filtered.' 

In Tests  Nos B and,. C the pUlps at dilUtiOnS  of 

5:1 (liquid to, solid) Were, aerated by agitation for 18 hours. 

Lime  was  added to_ aeration treatment. At the end Of aération 

Sag 



61.0 

0.05 

73.0 

61.3 

0,05 

73.0 
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(Test No. 2, conttd) 

period»the Ca0 titration was 0,05 pound per ton of solution. 

The lime consumption was 49.1 pounds per ton of solids. The 

pulp was filtered ,  and repulped with water for cyanidation 

treatment. 

Au, 0.185 oz./ton, 
. .0U,, 0.05 per cent.  

A 	: - B 	 C 
: N7) 	• :Pre-ae"Fated 
: Pre- : Pre- 	Pb0, 0.83 
.:aeration:aerated : lb./ton 

Agitationstime, hours 	 : 24 	24 	24 

Dilution (liquid to solid) 	:1.86:1. 	1.93:1. 2.01:1. 

NadN titration, lb./ton solution 	: 1,40 	1.60 	1.76 

CaO 	 9 	
: 0.42 	0.46 	0.47 

KCNS, lb./ton of solution 	 : 0.68 	0.54 	0.35. 

Copper (Cu) lb./ton of solution 	: 0.22 	0.18 . 	0.12 

Reducing power, c.c. N/10 n04/ 
litre 	: 208 	172 	116 

Reducing Power; due to KCNS, c.C. : 
N/10 Un04/litre 	 : 210 	167 	108 

NaQN cOnsumed, lb./ton of solida 	: 2.16 	1.79 	1,47 

14fte consumed, 	 11.9 	12.2 

Total lime çonsUmed (preaeration : 
& cyanidation),ib./ton of solids 

Cyanide tailing, Au oz./ton 	: 0.04 

per  cent extraction of gold. 
: 	 . 	 . 

Pre-aeratiC4 with lime slightly decreased the 

cyanide consum9gCri but the gold loss waS increased slightly. 

:78,4 
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Test No. 3. 

A sample Of ShipMent No. 2 ore was groUnd to 74.6 

per cent,minus 200 meeh With 2.4 POIles  of lima  and 0-4 12 

pound  of sodium  cyanide per. ton  of ore.  The copper  minerais 

 were floated with 0.08 pound of potassium ethyl xanthate and 

0.12 pound of pine oil per ton. 

• 	The rougher concentrate was cleaned by refloating 

using 2.0 pounds of lime, 0.04 pound of sodium  cyanide and, 

0.12 pound of . pineoil per ton of crude ore. 

The copper concentrate was amalgamated.' 

Results:. 

Product 
: Weight y : 	 . yi  	Distribution, 
: per 	:Oz./ton:  per:ceht" : .  percent  
1 	oent 	: 	Au 	: 	:As.: ,' 	 : 	C1.1 

	

: 100.00 	0.64 	0.90 	100,0 	100,0 
Amalgam 	 42.3 
Copper concentrate : 	6.48 	1.86 11.62 2.39 	18.8 	84.1 
Copper cleaner 	• 

tailing 	: 	4.64 	1.34 	0.97 	 9.7 	5.0 
Flotation tailing : 88.88 	0,21 	0.11 	29.2 	10.9 

Feed 

The ratio of concentration was 15,4:1. This -  does 

not include the . middling product which wOuld be. re+trettedlin 

mill practice thus lowering the ratio of oonoentraUOn. 

, 

 

The flotatiOn, tailing was tabled and thesands were 

reground. The reground sands and . table:slimes. were combined 

for cyanidation. The cyanidation feed: was .83per:cent minus 

325 mesh. 

The pull) lime agitated•with:limé fôr half an hour 

befOre cyanide.wile 

(Continued on next page) 



24 

1.77:1. 

•1.18 

0.38 

11 tt 

133 	, 86 

	

2.88 	1,86: 

22,2 . 	15,6 

	

0,05 	0,05 

	

76.2 	76.2 

86 

2.02 

14.6 . 

 0.04 

81.0 
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(Test  No. 3, conttd) 

Cyanidatio4,,i9f Flotation. Tailing. 

• .• 

Au, 0.21 oz./top., 
Cu, 0.11 per cent.  

B 	C 	: 	D 
PEO 	Pbd, 0.88 

: 0.88 : (NH4)004, 
:lb,/ton :1.03 lb./ton 

Agitation time, hours 

Dilution . (liquid to solid) 

NaCN titration, lb../ton of 
solution 

CaO  -titration„ lb./ton of 
solution 

KCNS, lb./ton, of solution 

Copper (Cu), lb./ton of 
solution 

Reducing 'power-c.c. N/10 	- 
• 414n64/litre 	 : 312 	328 

Reducing power  due to KONS, • 
N/10.EM4Q4  /litre 	: 1270 	195 .  

Reducing power due to. compounds : 
other than KONS, c.d. 	• 
N/10-Ken04/litre 	: 142 

NaCN consumed, lb./ton solids 	: 245 

Lime consumed, 

Cyanide tailing, Au oz,/ton 

Per cent extraction Of gold 

: 24 	48 	24 

.;1.92:1. 2.07:1. 1.98:1. 

0.98 	1.02 	1.28 

	

: 0.13 	0.64 	0.36 

	

; 0,55 	0.63 	0.29 

	

; 0.24 	0.32 	0.16 

176 

0.42 

0,22 

216 

90 	130 

:17.0 

0.05 

;76.2. 

No increase in gold extraction was attained after 

24 hourstagitation. 

BULK.FLOTATION,. SELECTIVE FLOTATION OF BULK:OONCENTRATE,„ 
AND CYANIDATION'OF:PYRITEARSENOPYRITE.UONCENTRATB. 	! 

Teàt 

 

NÔ.  4. 

A sample of Shipment No. 2 ore was ground to 74.6 

per cent minus 200 mesh with 0.8 pound of soda ash per ton 

of ore. A bulk flotation conCentrate was made' using 0.10 pound 



100,0 100.0 
81.0 
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(Test  No. 4, contld) 

or:Reagent 301, 0.04• pound of Aerelpat 208 and 0.12 pound 

of pine oil per ton of ore; the frôth, was removed for 10 

minutes. 

The bialk flôtation concentrate was conditioned 

10  minutes  with 2,0 pounds of lime and 0.12 patind of sodium 

cyanide • per ton of ôre. Then 0.12 pound of pine oil was 

added and a froth removed  for  6 minutes, giving a rougher 

copper concentrate; the flotation tailing gave a pyrite- 
• 

arsenopyrite cOncentrate. 

The roUgher- cOPPer concentrate was cleaned by 

refloating usinie 2 . 0  Pounds of lime, 0.04 pound - of sodium 

cyanide A.nd 0.12, Pound orpine . oil per ton. of - ore. 

' 

gr bille flotation circuit solution 
pH  of 'copper circuit  solution  

of oleanér cirOuit solution. .  

9.0 
", 10.65 
- 10.3 

Results Of Flotation., 	 .  
' 	 A'ssa.j. s,, 	: DiStribitton, 

PrOduct 	 per 	• oz./ton: .  „eri cent  	: 	per  cent  
:  Au,  	.Ou 	As 	S' 	Cu 

5.31 

17.05 

69.81 

: 100.00 
r7 483. 

Feed 
Copper concentrate 
Copper cleaner 

tailing 	• 
PYrite -arsenoPYrJrte: 

concentrate : 
Flotation tailing : 

(gangue) 

0.65 	0487 
4.36, 	9.03 4.40 

1.65 	1.57 	 13.5 	9.6 

0.98 	• .36 	30.26 	25e8 	7.0 

0.075,. 0,03. 	' 	1.07 	84 	2.4 

Sulphi •e sulphur. 

ratioss Of doncentration Were 12.8:1  for  copper 

and 5.9:1 for  Wite••araenOPYrite.- 

The pyritearsenopyrite conoentra -wa$  reground 

with lime to 98 per cent .minus  325 mesh, filterede and repulped 

with water for oyanidation treatment. 

(Continued on next pag‘0 ,  
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(Test No. 4, Conttd) 

C 	 Concentrate . 

Au  0.98 

 

oz./ton; • ,Cu
"e 	

ber' cent* iSulphide . s
t 
 30.26%. 

. 	- 	-  

Litharge (Pb0) added lb.(ton of SOlids 	: 	1.0 

Agitation time, hours 	 • 	48 

Dilutiôn, (liqUid to solids) 	 : 3.26:1. 

NaON titration, lb./ton of solution 	 : 	0.54, 

CaO  titration, 	 o 	tt 	 : 	0.06 

KCNS, lb./ton of solution 	 • 1.19 

Copper (Cu), lb ./ton of solution 	 : 	0.38 

Reducing power, c.c. N/10 KMn0 4/1itre 	: 	540 

• Reducing poWer due to KCNS, c.c. N/10 
KMn04/1itre 	 : 367 

Reducing power due to dampOunds other than : 
KONS, c,c. N/10 1Mn04/1itre 	 : 	173 

NaCN consumed, lb./ton of solids 	 ! 	8.41 

Lime consumed (cyanidation), lb./ton of solids; 29.3 

Total lime consumed (eYanidation and 
grinding),  lb ,/ton of Solids 

Cyanide tailing, AU oz./ton 

Per cent extraction of gold 

• 

• 1, • 414  
4 • 

'0.416  

• 85.7 4 

OMB 

TeSts_.Nos. 5 and 6. 

Test No. 6, wap› simiUm to Test No.,  4 With few 

exceptions, thé grind was finer and qUebrecho extract was used 

in Place of eodiP411. ceanide. 

In Test  No, é the ground P1-11P was  put  Over a jig and 

corduroy blaniret Strake befge flotation treatment. Quebracho 

extract was Used in flOtation. 

The results ôf flotatiôn tests Were not satisfactorY; 
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(Tests Nos, 5 and 6, conttd) 

the  p,  per  concentrates contained 7.09 per cent arsenic. The 

pyrite-arsenopyrite concentrate was high in copi5er (1.30 and 

0.98 per cent Cu). This indicates that quebracho extract has 

a slight depressing effect on copper minerals and has less 

depressing effect than sodium cyanide  on the arsenopyrite. 

The jig and strake concentrate showed presence of 

free gold. About 25 per cent of the gold in the ,ore was 

extracted by amalgamation of the jig and blanket concentrates. 

.1■111 

SELECTIVE FLOTAT  ION AND CYANIDATION OF  
PYRITE-ARSENOPYRITE CONCENTRATE. 

'Test No. 7. 

A sample of ore. frOm Shipment-No..2-was ground to 

about 80 per cent minus. 200 mesh. The pulp.was cOnditioned 

for 10 Minutes with 0.4 pi:lurid of sddium- hydroxide and 0.04 

pound of sodium cyanide per tôn,  of ore, .,ho  pH cpf the pulp 

solution was 9.46. 

A rougher oopper concentrate Was made using 0.04 

pound of Aerôfloat 208, 0.02'pound,of,Reagent 301 and 0.12 

pound of pine Oil per ton. The froth vaà reeoved for 7 

minutes, 

After the copper minerals were floated out, 0.08 

pound Of Reagent 301 and 0.12 pOund.of pine oil per ton,. 

were 'added and a pyritearSencipyrite erOth,remoyed for 4 

minutés.  Then l.2.POUnd of:Copper sulphate e  Q.06-pOund of 

Reagent 301* and .0.12 pcjUnd of it)ine.OLLper ton were added and 

thefroth remOyed'for 6 minutes , . 	. 

The flOtatiOn tailing froM the pyrite..arSenopyrite 

circuit waS,put oyer a rubberized blanket ètrake.. - 

The rougher copper concentrate was cleaned by refloat- 
(ContinucOoil nexb-p) ,• 

in o  using 0,4 pound of sodium hydroxide and 0,12 pound of pine 

oil per ton of ore. 



+200 mesh 	 : 29,7 	0,025 
-200 mesh +56 microns : 1.9 ) 0 . 03 
-56 +40 microns 	: 13.9 ) 
-40 +28 	" 	 : 13.6 -) 
-28 +20 	0 	 : 9.7 ) 0.02 
-20 +14 	" 	 : 5,6 ) 
-14 +10 	0 	 : 3.4 ) 
.-10 	0 	 : 22.2 	0.025 

Total i100, 0 

	

0.09 	30,7 	7,3 

	

0.10 	19.6 	4.3 

	

0.04 	26,7 	3.5 

	

1.40 	23.0 	84.9 

0.024 	0.37 	100.0 	100.0 
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(Test No. 7, conttd) - 

•Results ,: 
•Weight,,1 	 s.a y 	-• 	:Distribution, 
: per 	in777:1■137:  - per  cent, 	: 	per cent 
: cent.  : Au 	 Cu  

Feed 	 :100,00 
Copper condentÉaté 	7.15 
CdPPer Cleaner 	• 

tailing 	: 4.27 	 1.45 
Pyriteeersenopyrite: 

conèentrate : 25.84 1.08 	0,30 	24,12 
Blanket concentrate:: 1.64 	1.02') 0.02 
Blanket tailing 	:61.10 	0.935). 	 ' 	0.42) 

. 	• 	• 	• 	• 

Product 

0,9? 
10.68 4.51 

100.0 
'83,4 

6.8 

8,4 

1.4 

Pyrite-arSenopyrita tailing, gold, 0.061 oz./ton 
(calcUIated). 

The ratios of concentration •Were 14,0:1 for copper 

and 3.9:1 for pyrite-arsenopyrite.' 

The strae tailineyas aMalgamated and the amalgam-

ation.tailing was Sized by means of a Raultain infrasizer. 

Extraction by amalgamation was 0.008 ounce gpld 

Per ton, 

Intrasizing Analzsisi 	 . _ 	. 	 . 	.  
':Weight,: 	A 's s':a y at .  : Distribution, 

Mee. or 	: per 	:oz.„/ton-  :per cent: 	.per cent  
.  Microns,  . 	_ 	::cent .: 	:Au:. .1 	S. 	Au 	: ' S 

. The minus 10,+micron-material contained the major 

portion  of the sulphide. minerals. The produCt assayed 1,40 

per cent .sulphide sulphur and cdentained.84•9per  cent of the 

sulphur in the blanket strake tailing. 	. 

Continued On next page) 



48 	96 

4.20:1. 	4.42:1. 

0.96 	1.42 

0.05 	0.18 

1.19 	1.67 

0.56 	0.64 

0.04 	0.03 

720 	920 

367 	515 

• 
• • 
• 
• • 

: 

• 
• 

• 
a 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
.4 

• 
• 

• 
• 

• 
• 

• 
• 

• • 

• • 
• • 

353 

12.1 

51.7 

90.3 

405 

16.6 

78.3 

0.105 

90,3 
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7 
(Test No. 7, conttd) 

' The pyrite-arsenopyrite cOnCentrate,was reground 

td 99.7 per cent ,minus 325 mesh, filtered, reP11.4 . with 

water and agitated One hour with lime before cyanide was 

added. 

gyanidatibn of pyrite ,Areenopyrite• Concentrate.. , 	 . 

oz./ton;Cu,.0.30 per:CentI Sulphi4e.S, 24.12%.  
'A 	• 	B 

: PbOi 0480 	0.80 
lb./ton 	lb,/ton  

Agitation time, hours 

Dilution, (liquid to solide) 

NaCN titration, lb./ton of splUtion 

CaO  titration,  lb./ton of  .solution ' 

KCNS, lb./ton of solution 

Copper (Cu),  lb./4On Of solution 

Iron (Fe), lb./ton*of solution 

Reducing power, c,c. N/10 Kuno4/11.tre 

Reduèing poWer , due.to KeNS, c.C.'e/10 
KNIn04/1itre 

Reducing power due  tO COMpounds other than  
en,.c.c. N/10 Klin04/1itré: 

NaCN consuMéd, lb./ton of eolids • 

Lime  oonsumed, 	tt 	it 

Cyanide tailing,. Au oz../ton 

Per »cent extractionof gold 

No increase in gold extractionby cyanidation was 

attained after 48 hourstagitation. 

Nickel  wae- present  in  cyanide  solution. . 



100.0 100.0 
56.9 78.9 14.1:1. 

18.3 11.6 

0,2 
1.0 
4,2 
7.4 
9.3 

12.4 
65.$ 

+56 
-56 +40 
-40 +28 
.28 +20 
-20 +14 
-14 +10 
.r10 

• • 

• • 

•

▪ 

 , 
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Test No. 8. 

This test was,similar to  Test  No,'7 with the 

exception of a slight increase 	amOuntsOf copper 

sulphate and Reagent 301 in the pyrite-arsenopyrite circuit 

and the addition of 0,02 pound of sddium cyanide  per-ton of 

ore to the copper cleaner circuit  nie copper sulphate was 

increased by 0,4 poUnd and Reagent 301 by 0,02 poUnd per ton. 

Results: 

s.  

7.- 

, Product.  
:Weight,: 	Assay  
: per 	:ozi,/tOnr 	 , per cent  
: ,cent 	.Au 	: Cu :  As.:. S 

eistribUtUne:Ratio of 
:Per Cent : . t.concen-
:• Au': trattcen 

:100.00 	0.66 	0.98 
Copper concentrate: 7.07 	5.30  10.98 3.50 
Copper cleaner 

tailing 	: - 9.88 	1.22 	1.16 
Pyrite-arsenopy ); 	) 	 ) 	) ° 	) 
rite ,concentrate): 36,12) 0.42) 	0.22 	)13.261 23.0) 8.1) 2.8:1. 

Blanket conc. 	); 
Blanket tailing 	: 46.93 	0.025 	0.03 

• 
Feed 

) 
0.13 	1.8 	1.4 

The pyrite.arsenopyrite and strake concentrates 

were combined  and  reground for cyanidatiOn treatment, The 

infrazing test on the regrind concentrate wras eà f011ows: 

Microns 
Weight, 

_per .cent  

100,0 

(Continued on  next page) 



AU  & 0.42 oz./toni Cu, 0.22 per , centl,Sulphide e S, 13.26  %.  

	

A 	B 

	

PbO, 	:Pb(W03)2, 
0.86 	1.15 

lb ./ton : 	lb ./ton 

48 	48 

3.30:1. 	3.33:1. 

	

0.98 	1.00 

	

0.03 	0.03 

1.65 

0.62 

704 

•11.08 

36.3 

0.06 

85.7 

• • 

• • 
• • 

• • 
• 

• • 
• • 
• • 

• 

• 

0.78 

708 

11.14 

36.0 

0.07 

83,3 

: 36.12 
: 46.93 

0.06 	2.167 
0.025 1.173 
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(TestIO. 8, conttd) 

Cya.nid..ation of. Pyr3.te-Arsenopyrite  and  1.31Unke,,t:  COncentrateà . 

Agitation tiMe )  hours 

Dilution (liquid to Solid) 

NaCe titration, lb./ton sOlutiOn 

CaO  titration, lb,/ton solution 

KCNS,.1b,/ton of solution  

Copper - (010, lb./ton of solution  

Reducing  power,  c.c. N/I0 nen04/litre 

NaCN cOnsumed, lb./ton of solids 

Lime consumed; 

Cyanide tailing, Au oz./ton 

Per cent extraction  Of gold .  

It 	It 

•Nickel was present in : Cyanide solution. 

Gold Iiarue In Cyanide Tailing and atrekeTallingAombined.  

per 	: Au, :Units 

Cyanide tailing ;(cyanidation of 
pyrite+arsenopyrite -and àtrake .  donc, 

StrEike tailing 

Cyunide tailing and strake tailing 
combined 	›  ; 83.05 	0.040 3.340 

. The cyanide oonSump'tion per  ton of  pyrite-arsenopyrite 

and strake concentrate (cyanidation feed) was 11.1 pOunds. 

Calculating the consumption on the basis of combined cyanidation 

feed and strake tailing, it was: 

36.12 x 11.1  = 4.8 pounds per ton. 
83,05 ' 



0.91 
14.50 2,35 

1.21 
0.18 	0.09 

100.0 
77.7 

14.0 
8.3 

20,4:1. 
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FLOTATION.OF . 00PPER AND CYANIDATION OF FLOTATION TAILING. 

Test No. 9. 

A sample of ore frOm Shipment No. 2 was ground to 

about 80 per cent minus 200 mesh with 2.4 pounds of lime and 

0.04 poUnd.of sodium cyanide  per. ton of ore. The çopper 

minerals Were floated with 0.08 pound of potassium  ethyl 

xanthate and 0.12 pound of pine oil. 

The Tougher copper conçentraté was cleaned by .  

refloating, using 2.0 pounds of lime, 0.02 . pound of sodium 

cyanide  and 0.12 pound of pine oil. 

Results, of Flotation. 	 .  
: Weight,:  ,A a s a.y  s, 	.:Diatribu-:Ratio of 

Produet 	: per 	:oz:,./ton:per:cent.  :ti•n, per: concen- 
	 • cent. 	Au 	. 	As  :dent Cu e tration 

Feed 1 100.00 

	

Copper concentrate: 	4.89 
Copper cleaner 	: 

tailing 	• 10.51 
Flotation tailing : 84.60 

• 

The copper flotation tailing wasclassified by 

means of a cone classifier and the $ands reground. The 

reground sands and classifier slimes were-combined for 

cyanidation. The cyanidation feed was 93 per cent minus 

• 325 mesh. 

(Continued on next page) 



(Test No. 9, conttd) 

Cyanidation bf Flotation Tailing.  • 

Cyanide tailing, Au àz../ton _ 

Per cent extraction Of gold 

: 0,035 	0.035 	0.035 

: 80,6. 	80,6 	80.6 

. 	. • 
:100,0 - 	0,037 	. 5.63 	100.0 	100.0 Total 
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Au, 0.18 oz./ton, 
Cu,; 0.09 per cent.  

:A 	:B 
 

:0  
:Pb(N0)2, 

: High 	: 1_27 
:oyànide  : lb./ton 

• ,. 
Agitation time, hours 	 : 	24' 	24 	24 

Dilution (liquid to solid) 	 :2.37:1, 2.21:1. 2.18:1. 

NaCN titration, lb./ton of solution 	: 0.74 	308 
: 

CaO titration, lb,/ton Of solution ' 	: 0.04 	0 .10 
• 

KCNS, lb,/ton of solution 	 : 0.58 	0.60 

Copper (Cu), lb./ton of Solution 	: 0.20 	0.28 
: 

Reducing .power, c..c, N/10 KMn04/litre : 312 	328 	260 
: 

Reducing power due to UNS., c.c. 	. . 	
, 

N/10 KMn04/litre 	 : 179 	184 	130 
: 

Reducing power due to compolands other : 
- than KCNS, c • c. N/10-  KMn04/litre : 133 	144 

Na0N: consumed, lb./ton  of  solids 	: 2.73 - 3,90 

0.84 

0.04 

0.42 

0.18 

130 

2,40 

Lime consumed, -1b./ton of solids 	:21.4. 	2.0.1 	.19,8 

High cyanide strength during agitation did-  nt  

° increase gold extraction.. 

Infra.sizing. Arialysis  on  Cyanide Tailing: 	. ,  
:wo -igh.t,: 	A s - .s ..a y„. -s, 	Distribution, 

Mesh .or 	 per 	:oz- ,/ton. :per.. cent:..: 	Per cent  
.. 	Microns' 	. 	cent 	. Au 	S 	'Au 	• ..S. 

+200 mesh 	 : 3.1) 
.200 mesh +56 microns : 0.6 ) 0.065 	6.61 	22 4 8 	15.4 
-56 +40 microns 	• 9.4_) 
.40 +28 	" 	 : 13.4-) 0.04 	5.66 	29.8 	. 28.0 
-28 +20 	ft 	 : 14.5_) 
.-20 +14 	" 	, 	: 11. 6- ) 0.03 	6,13 	18.0 	24,3 
-14 +10 	" 	 : 10.8 ) 
-10 	tt 	 : 36.6- 	0.03 	4495 	29.4 	32.3 

\ • 



• 
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STRAIGHT CYANIDATION OF THE ORE. 

Test No. 10. 

Straight cyanidation tests were condUcted on the 

ore of ShipMent No. l e  which was pulverl.ged to 78.-0 per 

cent minus 325 mesh. 

The pulp was agitated with:line for one hour 

before cyanide was added. 

In some  tests  ammonium sulphate was used in 

order toyeact with cupric salts to Porm c14-cupropo-cupric 

cyanide which will precipitate out and remain in the residue. 

Any soluble cupric salts of the order of . (NH3 ) 4  Cu- Which 

may have formed, were removed from the solutiOn by addition 

of 2 *0 pounds of lime per ton of . solids prior to filtering. 

. 	The results of the tests are given 3h the following 

table. 

(Seé Page 21 for table) 



'Straight_'Gyanidation. of the Or (Au, 0,45 oz., re-rieentl  
:: 	B 	: 	G 	: 
; 	 NELON:Low-NaCI:Low"NaON:Low-NaCK: 
:  and Oat). tand ,Ca0.:and - 0a0.:and Ca 0 .: 

	

F 	: 	G 
:LceNaCN; Low NaGN 
. 	• 	. 

AilmiOnitua :SUlphate, lb witbn_ -eir 
Litharge., 	 0 • 	11 	lt 

Lead -nitrate,: it  

1.00 	1,00 
0.80 

1 , oo 
0.8O  

1.20 
O.80 

_ 

• • 
• • 

• 
•  

• • 	. 

1.98:1 
1.14: 	• 	0,28 

0.24  H. 0.08 
1..3.2  • 	•- 	1.26 
0.34-  • 	0.54 
0'.02 	0 • 02 
508 	49;

• 407 	38e- 

117 	104 	.1,07 64 101 104 

24 
2.001:1  

0.32 
0 •06 
1.41 
0.66 
0.02 
5-52 

24 
1.90:1 

0„34 
0.17 

10.97 
0.52 
0.01 
404 

24 
1.89:1 

0.18 
0,17 
1.21 
0,56 
0.02 
480 

435 	300 	373 

24 
1.99:1 
0.68 
0.07 
0.87 
0,44' 
0.02 
332 

268 478 

78 

/ 	Agitation time, hou'rs. 	 : 	24 
Dilution, liquid to solids. 	 2.00:1 
Nell, final titr. #  lb . /ton solution. : 1.04, 
dao, 	"

II 	 It 2  
ICONS, 	 n 	 n 

	

n 	n ' 	Gu s 	 : 	0.-64 
1 	Fe, 	 n 	n 	. .  

Reducing power, c.c. el0 Mn04/1itre.": 55 6.  
8  Reducing power, due to =S., c.c. 100 ; 

Un011itre , 	,4 	• . 	 • 	. • 
- Reducing power -, due to other -compounds: 

than KONS„ c.c. N/10 EM404/Iitre. : _ 0 

Naeri Cc:named, lbs./ton of solids., 
H 

 

Lime  consulted., . 	It 	 ft 

• 
0 	  

GY611114 ee441.1te .,  Au  oz,/ton. 
n EXtraotioà, per cent. 0 
E-4 	 . 

: 	5.92 	5.36 	4.10 	4,39 
• 2931 	17 	IT„Ir, 	17,7.  
• 
• 

0.07 	0..07 	0,07 	0.07 
: 	 '84,4T 	 84.4C 
• 

	

5.66• 4-.42 	3,62 
23,2C 	17.8L 	17.70 

	

0.065 'H 	0..07 	0.07 
85.6 	

, , „ 
 84,4,._ 	84,40 

	

,., 	_ 
- 

• 

14 CO 	1,  

; 
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CONCLUSIONS: . 

High cyanide consumption is mainly due to presence 

of copper minerals and aràenopyrite in the ore. Removal of 

copper minerals before oyanidation is necessary, this- would 

lower the cyanide consumption as well  as  the aMount of-copper 

in cyanide solutions. 

. Addition of a salt of lead. or aMmonia to Oyanide 

pulp wolild decrease the cyanide consumption, alào the amount 

of copper incyanide solution. 

Fine grinding of the pulp  for  cyanidation is 

necessary. 

• . 	Presence of.nickel in cyanide Solutions was 

detected. Nickel in pregnant solutions decreases the  • re-

Cipitation of gold by zinc dust. Cycle cyanidation tests 

would have to be conducted in order to'determine the effect 

of nickel on gold dissolution during cyanidationi  the.pre-

cipitation of gold from pregnant solutions and the effect 

of baritim chloride on gold precipitation by zine dust. 

AS the:amount of ore received was very sMall, this investiga-

tion waâ not conducted. 

With nickel and copper presentin pregnant solutions 

high zinc dust consumption can be expected  as  well as high 

copper and nickel eontentsin the precipitate, 

Fouling of the cyanide solution .can be expected. 

The reduding poWers oe  the solutions frOM cyanidation of. 

copper flotatiOn tailings and the pyrite..arsènopyrite cot.. 

centrates were as high as 312 and 720 c.ô, of N/10 en04 

per litre 1,eepectively. 
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