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Industrial Confidential 

Mines Br~mch Investigation Report IR 70-51 

R£(:OVERY Of' GOLD AND SILVER FROM AN ORE 

by 

T. F. Berry~" and R. 'Ii:. Bruce;,,"* 

SllMMA..lr!' OF RESUL'fS 

The shipment of ore assayed 0.415 oz Au/ton and 17.405 oz Ag/ton. 

A grind of 55% minus 200 mesh and a flotation tbne of 20 minutes 
gave th€' b.:::st. rt,~0ve.ry by flutation. In Test :!::. a final ctn-'!c:entratc ,,ssaying 
2. 99 oz Au/ton and 149.38 oz Ag/ton was produced with a rl'.'cover.y of 72 .07~ of 
the gold and dJ..8:1, of the ::;Uver. The flotation rougher re'Covcery in this test 
was 90.4'ii and 93.n~ of the gold and silver respectively. The cyanidation of 
the rougher t,ailing gav.: an additional recovery of 3.87. of the gold and 3.5% 
of the s il vier. 

Weight losses of over 30,. -were achieved during roasting by th .. ~ partial 
elimination of the arsenic 1 antimony and sulphur in the ,com:entrat(o. However, 
a high loss uf gold anci silver occurred particularly ln those roasting tvsts 
in which salt ,,.as used. 

ln 110 test in \,,hid, c:•anidat1on alone was trit'd on the grotmd ore~ 
on the flot.,H;ion c.on.:t·ntr-atc\,·Or on a calcine, \<',lS the 1·.:,.,:;,i;,\'<~•~Y of gold and 
silv;er sufficiently high to make this m~thod iDf t.r(!atnrent an at:tr.Hctive propos:i­
tfon. 
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INTRODUCTION 

!fount Nansen Mines Limited is a silver-gold property \lnder develop .. 
ment in the Carmacks distt·ict of the Yukon Tel'ritory.. The c01npany is 66 per 
cent c,cmtrolled t,y Peso s U. vcr !-Unes Limited. 

The propi'rty at pres(•nt consi.sts of three main orebodies, tW<) of 
which. tlw Webber and the Bro\m .. .McDade, are oxide and the third, the l'ieustis, 
contains high-grade massive sulphides. 

In 1967, m('tnllurgicai work "1as done by the Mineral Processing 
Divlsioo of the Mines Branch on a shipment of o:xide ore from the Webber deposit. 
The results of this work are contained in Investigation Report IR 67 .. 59. 

On February 16 1 1968, Mr. a.s. Imrie, General Manager, Mount Nansen 
Mines Limited •.. 420-475 Hove Street, Vancouver 1, BvC. expressed some concern 
with the high tailing losses shown in the original investigation. He felt: 
that a new approach was warranted and requested an investigation on a fresh 
sample Qf Ot'e from the property. 

•, 
During a visit to the Mines Branch, Mr. Imrie indicated that a cyani·· 

datton plant would be installed at the ·property to recover additional silver 
and gold from the flotation tailing. 

On February :n. 1968, three boxes of mixed sulphidc-o.xide 1 weighing 
300 lb, ve.n:> receiv~d at the Mines Branch. The investigation was started on 
Mal"ch 7. 1968 and was given the t'ruject No. MP-00-6803. 

Tht~ shipmt1'nt which was all minus a,; inch was riffled into two fractions, 
one of which 1,,,'cn, L.iggcd tor future wo1·k.. From the other, .a large number of hand 
spl"cimcns ,11<.•rl! ~-1.ilecu•d tor a mi11eu,:logical hw~stigation. The rcm<lindet· ,of 
thiis ore wa:. cn1siu;-d to minus lO mesh and was split into 2000-gram test samples. 

One of the uist s.;:i.mples \>.as taken M, a head sar:plc for spt~(tn.1graphi c, 
chemical aud scn.'\'.'n analys,?!'t. 1'hcs{' results arc :,hown in Tables l, 2 and 3 • 



TAat.B 1 

St, Al .. Principal ccmstituent 
As - <2.0 per cent 
Fe <1.0 tt 1t 

Sb. ea. Mg, Cr, Ti, Ni <0 .. 1 .. u 

eu.. Ag, Co .. <O .. Ol u u 

TABLE 2 

Head Samele Analysis* 

Gold (Au) 0.415 o?./t.on 
Silver(~) - 11.405 n H 

" Lead (Pb) 1.32 per cent 
Zinc (Zn) 0 .. 40 .. H 

Copper (Cu) o.os u u 

Antimony (Sb) 0.43 n n 

Arsenic (As) 1.91 n u 

Iron (Sol Fe) 4.61 u ., 
Sulphur (Total S) 1.16 " H 

Insoluble - 68.32 n n 

*From Internal Report MS-AC-66-210. 



TABLE 3 

,:-i-;- ----·----~ -·.• pro~~ . .\u --:a Ass•::*I ~e . .,..__s ___ A_u ___ A_:_i_s_t .... r_i_:_:_t.i-o-n-;_e ___ s __ ; 

· HO m~sh 1 - - - - - - - - • ~ 
.;lO,fl4 11 t" 27 .4 o. 65 12.645 1.69 3.80 
•;l4le20 tt 20.n 0.290 U.61 1.81 4.00 

! -2Q-t2S . u 12, l 0.285 15.435 L 77 4.10 
-28+"35 u 8.l 0.270 17 .03 1.69 4.30 
-J.St-1,$ t1 5 .. 8 0.45 19.30 1.77 4.90 
-4iH65 " 5.0 0.37 20.48 2.12 5.30 
-61:>ilOO " 3 .. 8 0.525 21.575 2.62 5.90 
-lQ(HlSO " 3.3 0.65 23. 77 3 .54 6.80 
,..J,50f200 n 2.8 0.85 25.48 4.58 8.90 

2.38 
2.51 
2.86 
).19 
3.49 
4.01 
4.51 
5.32 
6~40 
4.18 

18.) 
14.7 
8.7 
5.5 
6.6 
4.7 
s.o 
5.4 
6.0 

25.l 

:w.9 
16~4 
11.6 
8.3 
6.8 
6.2 
5.0 
4.7 
4.3 

15 .. 8 

21.8 
17.l 
10.1 

6.5 
4.8 
5.0 
4.7 
5.5 
6.0 

18.5 

21..5 
16.6 
10.J 
7.3 
S.9 
5.5 
4.6 
4.6 
5~3 

18.4 

;:.;0.4 
16. l 
10.s 
S.l 
6.3 
6~3 
:> .4 
.5 .5 
5.6 

15.5 r-200,..,. u _U.7 0.845 22,215 3.33 7.60 ---·-.-., J Uc"ad (c.alcd) lOO.O 0.40 16.55 2 .12 4.83 3.19 100.0 100.0 100.0 100.0 100.0 

. "'Froe~. Internal Reports MS-AC-68-316, 68-324. 
*Assays io this and a.ll succeeding tables are in per cent except gold and silver which 
are in oz: per ton .. 

Mineralogy of th~~ • 

The results of the mineralogical investigation of this ore were published 
in Mines Branch Investigation Report IR 68-33 by D. Owens*, June 10, 1968. 

tn summary. the ore consists of sU iccous t'ock and breccla which con­
ta.ins disseminated grains of a wide varie.ty of minerals. l'he silver is pi:escnt 
!n t.he form. i..)f frcib~rgite, andoritc, pyrargyrit.e and ... ~1e.ctrum. Electrum was 
the only gold-bearing mineral found in the ore. Other minerals included 
ooulangerite, bournoni ti.:. galena, pyrite, arscn<lip:yrite, marcasi t,~, pyrrhotitt!, 
sphal erite. cha l copyr itc • <:ovt'l l He, gocthi t1), anatase s qu:J1rtz, j.:>irosi t<.~, scoro­
dlte, mica, chlorita, feldspar and graphite. 

·me main silver- and gold-bearing mitun·.l.ls are shown in the followinfi 
11hoto.~icrograpbs (Figu r1c'S l, 2 and 3). 

-··~~·,·----·-··--·---·----·-·-
,:.:"L's:,dmi.cal Of l irer. Hint-t./1.log•: 

Oc~p.u:-tmm1;. ot • H, ,H!S 

Scrti.cn, Mineral Sd.t"nccs Division, Hines Brund1, 
FU·;;;oun::cs, Ottawa. Cani,,Ja. 



, 'rigur~ 1. • Photomicrograph (in oil imnersion) of a polished section 
showing galena (white) and pyrargyrite (light grey) combined 
in gangue (black). 

Figure 2. • Pbotomlcrog.raph (in oil u:ia..c1·sion} of a poltshed section. shoving 
numerous small inclusions ot boulan~~rite (greyish Yhlte) and 
a fcv gralns of tu·scn(:,pyrite (white) in ijiil'\gu,c (black). The 
la:-ge srntn tn the up,;,,er left portfon tlf th<' phott:Gicrot,";raph ts 
fr-cihc::gtt.c (mi:dtu;:11 ~r~y), c;;;inta!~i.ng irlclu:Ji.ions of 't-<0th galena 
end bouhm.gt.'rit:e. 



Photomicrograph (in oil immersion) of a polished scection 
ahow.lng a number of grains of andorite (?)(dark grey) in 
.gengue (black). The andorite (?) contains a few grains of 
e,lectruni (el). lhe other greyish white grains .are arsenopyrtte • . 

.. 
DETAILS OF INVESTIGAnON 

GtLn4iPa (Tests 1 1, . 2. l and 4 ~ 

To determine the grinding cbarac:terlstics of the ore, four samples 
were g.t'outtd for. different tieies and a screen .analysis was carrkd out on l'Jch. 
The. result$ are shown in Table 4. Curves showing the she di.stribut:ions and 
the reduction rate to minus 200 mesh are shown in Figures 4 and 5. 



... 6' ... 

T:est Wt A$says* Dist'Q 1, 

Jo .• Product 
~ Au Ag Au Ag 

l ·l-65 mesh S .. l 0 .. 185 5.72!; 3 .. 7 2.a 
15 ffl'bt ... 6ji 100 If U.6 0 .. 19 8 .. 35 5 .. S 5.7 
gri.tad .. 1oo+-1 so .. 14.6 0 .. 24 12.57 a.1 10 .. 9 . ·· -1sonoo .. u.s 0.38$ 16.385 11.3 u .. s 

-208 u 53 .. 9 0.521 U.633 70.8 69.l 

Head (ca.led) 100.0 0.40 16.86 100 .. 0 100 .. 0 
' 

2 +100 mesh 7.1 o .. 12s 5.625 2.3 2 .. 4 
20 Jain -lOOi-150 H 13.0 0 .. 213 9 .. S17 7.1 7,.4 
grind · •lSOl:200 " 15.l 0 .. 295 14.045 11.J U .. 6 

.. 200 .. 64.8 0.48 20.10 79.3 11.6 

Head (calcd) 100.0 0 .. 39 16 .. 19 100.0 100 .. 0 

3 ·HOO mesh 3 .. 6 ... - .. .. 
25 min -lOOH50 .. 9.8 0.24 8.14 8.3 6 .. 5 

·grind -150t200 .. 1).8 0.245 12.95 8 .. 7 10 .. 6 
-200 .. 72.8 0 .. 44 19.23 83 .. 0 82.9 

Reed (calcd) 100.0 0.39 16.88 100 .. 0 100 .. 0 

4 ·+150 mesh 8.0 0 .. 2S 7.53 s,.2 3 .. 6 
30111ft -150t200 .. 12.8 0.225 11.86 1.6 9 .. 0 
g~t,nd -200 •• 79.2 0 .. 42 18 .. 71 87.2 8?.4 

Head (calcd) 100.0 0.36 16.94 100.0 100 .. 0 

'*Fram lnt:ernal Reports MS-AC-68-311. 63 .. )16 .. 
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:,ilo~at[fonJ:,~e~t·S ;W~J;~;cc;a~ie~ ottt Qll 2QOO.grant SiWp,l:~S 
. ·· ~t ~J;'!):¢ls. •'Th,t Sloblt~o-11 scbE1me used •~a shown tn 
:r;tous 1:t\"<th'EI a:itll)~\$ ,o.f f:other U$.e4 w~l:'e u'de with in ... 

{;U:ne«~.s:~.;., it~~·,r;fa~~. th.~ x·eisu~ts Q'f .~ese tJttts are $hown ln ·T:4,b.l ~ 6,. 1{/'.r·, <:· .·. . .. , ... . , . .. 
TA~$· 

' ' 

~· t;im• %. 
Reagents - lb/ton 

l-t'tn . S CuS04 **301 ***P.O. 
,. . .,, ' 

' ·.Gi:ifin4 
· · Cq;tiditJ,on 

():rtidi.~i,on 
f9f\~t:JtiP.n 

65 
\0 35 
l ~ 

21 

7.9 
. 5.0 

2.0 1.0 
0.1 
0.15 

*.1.e"aa;~tl4:S. wer:e s:t•ie, added ~we.r t:b.e flotation time with brief 
¢01,1d.itit,,n,"1,ng a:t each stage. 

,tk).01. "" Aero. X'!Jnthatre 301 • 
**"'~o~ - P:i:n• Oil, .• 

TABLE 6 

., 

0.02 
o.os 

· .•• 17~,t ,- Q,rind:** Wt Assays* Distn % 
Product Jo,. " -200 mesh 't Au Ag Au Ag 

~~ ,. 

s 65.0 Flot cone 28.7 1.06 54.53 79.5 89.7 
H tail 71.3 0.11 2.53 20.s 10.3 

He.ad (catcd) 100.0 0.38 17 .45· 100.0 100.0 

6 1.0.0 Flot cone 26.6 1.185 57.93 81.1 90.6 
II tail 73.4 0.10 2.185 18.9 9.4 -

Read (calcd) 100.0 0.39 17.01 100.0 100.0 

1 85.0 Flot cone 35.5 0.921 54.34 83.5 93.4 
n tail 64.5 0.10 1.785 16.5 6.6 

Head (calcd) 100.0 0.39 17 ,24 100.0 100.0 

8 90.0 Flot cone 40.2 0.837 39.74 83.6 93.8 . " taU 59.8 O.ll l. 75 16.4 6.2 
. 

Hoad (calcd) 100.0 0.40 16.94 100.0 100.0 -- . 

*Fr01n. Ir . .,.- . ..tl Reports H.S-AC•68•3il, 68-324. 
**No sci:e.tn t<:st w,u, done on any of the flotation tailings. The finenesses 

of grind ·.1ere det<.n::-r.;incd f rem th1,,; graph sho"rn in Figure 5. 



c ~,;•:,~~~' ",_ O • :;i:•·' ,/:~:~ ,, .. ~:.' o ··:,: - ·, • - '. Eliotat:i,an,,B.ate {llea:t 9).\ 
~--.", -,.·, ~-' se'>r• .,,.:/., ,,• :~'•,<4 --,:.J., • fL·~)· £ ' ' ¥-

> •. ·····•· . . .· 1.l#:fta.:,t;$t, "'a~ir- ,done t:.->, determiri'& the flotation rate of the go1d amt 
, :,., ::J~\ve,~l{\j~4J:$,. The flQ'.ta;ti_9n sch•e is shp,m in Table 7 and the test 1!'$S~lts 
_ · ':fj,:;lfa~~~;, 8i' tn ·figure 6 tbese Tesul.ts are graphically illustrated. A size 

.:::i~~J~i$ qf thC!, filotat:ibll tailing from this t4'1t is 1hown in Table 9 • 
. '~ ,-:,·. 

Time Opitratlon Kin 

<'Grind 40 
·. Qondt:t:ton 3 
Flot No. l 1 

u ·•No. 2. l 
H Ho. 3 2 

CQ11~Ut-ion 3 
flot No. 4 4 

I{. No. s 4 
1C<)ndtttan 3 
-not NQ. 6 8 
1Conditton 3 
Flot No. 7 8 

Wt 
Product 'X. Au 

Plot cone No. 1 3.4 1.95 .. H It 2 . 4.2 2.31 
n It ft 3 4.1 1.78 
n .. tf 4 4.7 0.84 
tt .. 0 5 4.6 0.38 
tf " ... 6 1.s 0.26 .. u It 7 7.6 0.20 

Flot tall 6l.9 0.09 

TABL& 7 

Flotation Sch.e,ro.e Test 9 

t, 
pH 

Reagents 
Solids Na200) 

6S 10 
3S a.2 

8.4 

8.4 

s., 

TAffl.E 8 

Results of Test 9 

Assa:,s* 

Ag As s 
235.49 9.47 22.02 

71.98 13 .. 11 25.34 
49.39 9 .. 86 14.91 
27.38 4.04 $.42 
10.89 1.46 1.60 

7.26 1.12 0.96 
4.30 LOO 0.65 
LS7 0.11 0.32 

CaS04 

o.s 

Au 
17.2 
25.l 
19.0 
10.2 
4.5 
5.2 
l.9 

14 .. 9 

... lb/ton 

301 P.O. 

.. . 
o.s . .. 0.04 .. o.ol 

" • 
0 .. 02 • 

... 0.03 
• . 

0.02 o.ou . .. 
0.04 .. 

• 0.03 

Dhtri button \ 

Ag As 
47.9 14.8 
1B.1 26 .. 5 
12.1 18.6 
7.7 8.7 
3.0 3.1 
3.2 3.9 
2.0 l.5 
6.0 20.9 

s 
24/) 
J4.6 
19.a 
a.:; 
2.4 
2.3 
1.6 
6.1 

lie.ad (c.atcd) 100.0 0.38 16.72 2.17 3.0t, 100.0 100.0 · 100.0 lO{L, 
' • ...J 

;,.~ ., 
' ''. 



TABLE 9 

.. Re!:lults of Size Analyses of Flotation Tailing T~t. J.. 

\'""' ,i'l,<1,. Assays* Distribution '~ ,r;. Au! ___ A,;; .. 
A.s s A.u Ag As s 

.t:":J,;$_h 0.6 I ... 
-100+150 II 5.0 0.045 1.395 0.37 0.22 2 .. 6 5.0 3.0 4.1 

.-15o+200 u 12.5 0.05 1.57 0.50 0.20 6.6 12.6 10.3 9.4 
-ioo+s6 ~iCtOQS 4.2 0.091 2.935 0.81 0.32 4.3 1~9 5.6 s.o 
·56+40 I! 18.9 0.01 1.53 0.50 0.21 14.0 18.6 15.5 14~9 
-49+26 It 15.0 0.085 1.335 0.51 0.23 13.5 12.9 14.l 13.0 

· .. 28,F20 u 12.1 0.10 1.30 0.61 0.22 12 .. 8 10 .. 1 12.1 10.0 
•· .. 20+14 " 7 .. 6 0.10 1.33 0.65 0.22 s.o 6.5 8 .1 643 
-MHO u 4.5 0.129 1.41 0.69 0.24 6 .. 1 4.1 5.1 4 .. 1 
-.io· u 19.6 0.155 1.71 0.81 0.45 32.l 22.3 26.2 33.2 

Head (calc<l) 100.0 0.095 1.55 1.55 0.26 100.0 100 .. 0 100.0 100.0 

*rrom Internal Report MS-AC-68-339. 

100 
Cumulative Recoveries 

Ag 

------Au 2.0 

50 

LO 

0.5 

11 
lil 11 0 a:;.: __ ,..it....__......, __ ..r.l __ ~ __ .... 1 __ ... ~ 0 

0 30 



.... / .:> . 'thJ:s t~st ~as sitn.ilal:' to test 9 except that somewha,t he~vier rea$ent. 
'~~i~J:o~$·'!~e~t U$~<,\it Jh¢ gdnd ~a$ approximately 90% min~S 200:mesh and the 
"~~9~~¢.r: 'and s<:~v.,mget' con<;entl."a.t,s which were -floated were eac:h cleaned twice 
µ§'~ng ,Qidi~m..sil)::c.~~e <1,s a ga.ngµe depre$sant;. 

. ·. 

Grtnct 
Cc:u14ltion 
Rougpe;:r Flotation* 
tu ¢:leaner 
2n4 tl'ean~r 

·sca~eng~t Flotation 
Condition 

. Flotation* 
1.st cleaner 
2nd cleaner 

T:i.me 
Mtn 

40 
3 

u 
s 
) 

3 
16 

5 
2 

TABLE lO 

Flotation Sc;hem.e test 10 

"4 pH 
Solids Na2C03 

65 10 .. 0 
35 8.l 

*Reagents -were stage added during flotation. 

Product 

TABLE 11 

Results of Test 10 

Wt Assays* 
'1 Au Ag 1---------+-- ·------

Flot: <:one 8.1 2.44 144.92 
2nd cl tail 3.:2 0.965 3S.92 
ht cl tail 8 .. 1 0.)65 9.29 
Scavent~r cone 1.0 o.n 33.09 
2nd d tail :3 .1 0.315 -S.6:) 
l st: d tail H • .? 0. '!;,~;, J. 6f' 

t;f;. 1 iJ.t.,·; l .1::,(. 

! .. ~J 0.\:1 
- -·---·-··~ ._,.,_ t ··---····--· 

Reagents - lb/ton 

Cuso4 301 P.O. 

0 .. 5 
0.05 
0.04 0.10 

0.06 
0.02 0.09 

Dhtn l 

Au 

57.l 
8.3 
S.6 
l .9 
J.2 
S.4 

1 ',.) 

Ag 

75.9 
7.5 
4.9 
2: .o 
Ll 

f. l 
·--··,- .'--' .... , ...... -~ 

!. ,fJf) .. u ; 
J 

Sod~ 
SU ! 

I 
- I 

0 • .. ~ .. '° 1 •. o.so 1 

I 
l 
I 

1.0. f I 
l.,O_J 



Ro £lot 
Scavenger flot 

Gt"~J1d 
Grfod 

Condition 
Ro fl;ot 
Sc.llveng;~r flot 

4QA and 425w;;re investigated in these fout' tests at 
t11esh nod 75% minus 200 mesh. 

TABLE 12 

I-'lot:atior:,.Scheme Tests 11, 12, 13 2 14 

Reagents - lb/ton 
Time % 
Min Solids pH Grind Aero Aero Na,003 404 425 

40 65 90% -200 .mesh 10.0 
26.5 65 75% -200 mesh 10.0 

5 8.2 0 .. 10 
15 OalO 

7 0.10 

40 65 90% -200 mesh 10.0 
26.5 65 75% -200 mesh 10.0 

s 8.2 0.10 

I 15 0.10 
7 0.10 i 

--I 

Aero j 
242 ! 

! . • 

0.10 l 
0.10 • 
o.os I 
0.10 
0.10 
0.0~.J 



TABI.,.E :13 

-"! ,, 

/' 'T"~~t; Wt ', Assays* Pistn % 
No. .Pvoduct '1. ,, Au Ag A\l Ag 

,.,:. Ro t\o.t cone 26.8 0.83 50.60 75.2 91.7 
i 

11 Scave,p-ger 9.2 0.20 3.76 ·5.5 2.3 cQnc 
'., Flot t~U 64.0 0.10 1.38 19".3 6.0 

;t 
ltead {~led) 100.0 0.33 14.79 100.0 100.0 

i' .*' 
.Ro fl,ot cone 24.9 1.04 58.30 76.0 90.8 

12 Scavenger cone 8.2 0.22 5.09 5.3 2.6 
Flot tail 66.9 0.095 1.57 18.7 ().6 

l{ead (calcd) 100.0 0.34 15.98 100.0 100.0 

Ro flat cone. 25.2 1.23 62.19 78.4 91.5 
13' Scavenger cone 7.2 0.245 5.00 4.4 2.1 

Fl,ot tail 67.6 0.10 L61 11.2 6.4 

H~ad (calcd) 100.0 0.37 16.95 100.0 100.9 

Ro flot cone 23.l 1.26 66.09 78.l 90.l 
14 Scavenger cone 8.2 0.24 5.34 5.3 2.6 

Flot tail 68.7 0.09 1.81 16.6 7.3 

Head (calcd) 100.0 0.31 16.95 100.0 100.0 . 
*From Internal Report MS-AC .. 68-327. 68-355, 68-363. 

Flotation at Natural ptt (Test 15 and 16) 

In all previous te$ts the ore was ground with soda ash to provide 
.an alkaline pulp with a pH of about 8.0. In these two test:s, the or<' was floated 
at the natural pH of about 6.6 after grinding to 75% and 90% minus 200 mesh. In 
each test the rouaqcr flotation concentrate vas cleaned three times. 

,,._,,_, ______ ~_ 



~~1rd> .. 
~ind 
Cqnti'i: t i:011 

1':t.otat i.<m'* 
1st c:L:ea,n~~ 
~nd o 
3rd 11 

26., 
40 

5 
20 

7 •. 5 
4 
4 

'Yo 
Sol.ids 

()5 
65 
35 

TAlll,E· 14 

pR 

6.1 

Fineness 
of 

Grind 

75% ~200 mesh 
9oi • 200 mesh 

~-~•gents. ver,.e stage add~d during flotation. 
· **Z-6 .. Jqta:al5:t'um $n_yl X•ntha\;e. 

TABLE 15 ..• 

Test Product Wt Assays* 
No. % Au Ag As 

Final cone 9.5 2.67 145.83 15.09 
3rd cl tail 0.7 0.955 24.56 
2nd H " t.7 0.52 15.57 

l.S • }St H n 19.9 0.235 5.165 
Flot ti 68.2 0.115 2.495 

Head (ealed) 100.0 0.39 17.02 

Final co~c 8.6 2.76 164.0 15.63 
3rd cl tail 1.0 0.915 26.81 
2nd 0 tf 3.6 0.36 7.95 

16 lst u tl 25.8 0.195 3.835 
Flot u 61.0 o.u 2.06 

Head {c:'1i:d) 100.0 0.38 16.85 

*F't-o."11 lnterna 1 Report MS-AC-68-392,. 68-472. 

,Reagents - · 'lb/tQn 

301 

0.10 
0~10 

0.10 

S1~ 

2.33 

2.45 

0.10 
0.30 0.16 

0.04 

Distn 1. 

Au Ag 

64.3 81.4 
1.7 LO 
2.2 1.6 

11.9 6.0 
19.9 10.0 

100.0 100.0 

63.0 83.7 
2.4 L6 
3.4 L7 

13.3 5.6 
17.9 7.4 

100.0 100.0 



oJ Rous_hr.:r Conc~ntrat!! (Test 11) 

'.~: ''.,::,,,'.t;;l~,% this test the ore was ground to 75% minus 200 m ... ~sh and was floflted 
atf,tn~1·~atur~l pH of 6.5. The roughel" conc.entl:'ate was regrou.nd, floated, · 
and th~ concentrate was cleaned four times. 

T . .\BLE 16 

Flotation Scheme Test 17 

·~·--· . 
,; ' Time % pH Reagents - lb/ton 

•· Operation 
Min Solids 301 z-6 P.O • . 

Grind 26 .• 5 65 0.10 - -
Condition 5 33 6.5 - 0.10 0.10 
Flotation* 19 - 0.20 0.10 
Regrind 10 0.05 0.05 -
1st cleaner 10 6.6 0.05 0.06 
2nd It s 

•3'td n 2.5 
·4th It 2 

*Reagents were stage added during roughe.r flotation. 

TABLE 1·1 

Results of Test 17 

Wt Assays* Distn l 
eroduc,t -•1 

Sb , .. Au Ag As .Au Ag 

Hnal cone 8.7 2.78 158.25 16.25 2.45 66.5 81.i 
4th cl tail 0.5 1.165 64.93 l.6 1.9 
3rd It II 1.5 0. 73 28.62 2.8 2.S 
2nd ,, 

" 0.4 0.37S 10.00 0.4 o. 2 
. ht u " 25.0 O.l7S 4.02 12.0 6.0 
Flot. 63.9 0.095 2.02) -i 16.7 1. 7 

..,.-,-- ---~ ·---·-----·--·-·-' --· ·-
}lead (calcd) 100.0 0.36 16.84 100.0 lO<l.O __ " ___ 

-·,---· - . ..l-

*from Internal Report NS-AC-68-412. 



.. 
, ~:~~~:'.~\!Jt\:,-., . , 

~~:El:~,tation at, a Co.1rs~ Grind (Tests 18 and 19} 

Th1.•;;,c tests wcro, doflc to determine how th«? recovery of gold and sUver 
would tiQ affected by grim:Hns th~ <:n:e coarser than in previous tests. Tlie tests 

}t:'.~jre car;j.~q;, t>u::: ;,t the nat1.:.ral pH of the ore~ The rougher concentrate was 
:1:c)i~ancd t~ree t imt:S • 

: 

p 

T/\BLE 18 

I Reagents - lb/tot\ 
,:rest ,, Opet'a t ion Time % 

pH 
Fineness of 

No. • Min Sol'ids Grind 301 Z-6 P.O • 1 

18 Grind 21 65 6.5% -200 mesh 0.10 - -
19 Grind 16.5 65 55% -200 mesh 0.10 - ~ 

Condition 5 35 6.5 - 0.10 -
flotation* 19 0.10 0.20 0 .. 22 
1st cleaner 7.5 6.4 0.04 
2nd u 4 ' 

3rd 11 2.5 
-' 

*Reagents were stage added duri1'3 rougher flotation. 

Test 
No. 

18 

Product. 

TABLE 19 

Results of Tests 18 and 19 

Wt 
'X. 

Assays* 

Au Ag 

Distn % 

Au Ag -·-+----+--------------
Final 
lrd cl 
2nd " . 
! !;t 0 

cone 
tail 

n 
Tl 

10.0 2.46 132.85 
0.6 1.248 46.~k 
2.0 0.49 11.37 

20.3 0~2J 5.195 
Flot " 67.1 O.ll 2.38 

64.l 80.8 
2.0 1.1 
2.6 1 .. 4 

12.2 6 .• 4 
19.l 'L7 

[ 
rHMd Cca1c-dl 100~0 o.Ja1 -6--.-~.-1:.--i1------+--

F1na1 cone 10.4 2.29 128.54 

f 
3rd cl ta i l O. 7 l .11 3 l. 2 5 f 
3na .. ,, 2.1 o.t.3 tu.6s I 1 

,9 lst ,. " 18.i 0.255 5.7'l } 12.3 6.21 

---
100.0 100.0 

63.4 80,.2 
2.2 1.3 
3.1 2.7 

1 I _r~:_1. ___ ·~ .... _l_.:::) .1 J_ o. Jo~ f _ •.• ~- ') )- i I 9 .o j _ _?.:~-r :r.-:,d ,('a1, , 1100.0 i o.JB f H,.6,, 1 Ji;O.O ~100.0 1 
... .iL -·-·, ···---,·------t-~-------.i----···----l-,-· ... -···"'--- ., ·---



• 11 ~• 

·!l••rl_idafi:Q;n of notation T;:itUns (Test 202 
' <"• ' 

• 

The ~~stilts ~.f all of the preceeding tests show t.hat the amount of 
silvc:r .rcz,4airiing in the flotation tailings is too high to be .dis-

· ·. tahle :?0 shows the results of cyanidati.on tests on the floutlon 
tai,U.ng;s froni l'~!.ts 15 and lo. For comparison purposes the re.sul ts of cyanida .. 
tJ1>n teJ,ts on or'I! ground to the same fineness and cyanided f,or t.'he same 
time ur:e also :SrQ"''n in t;his table. 

TABLE 20 

Results of Cyanidation Tests (m Ground Ore and 
on the Fl.<,tation TaHin~s from Tests 15 and lt 

Consumption Assays* oz/ton Extract ton*;.11 Grind Agitation 
Feed - time lb/ton feed 

Feed R.f:'sidue 
% 

"' 
-200 • hr -- --. 

NaCN eao Au Ag At.'. Ag Au Ag 
-

On 75 24 1.58 5.60 0.40 !6.g:. 0.242 8.89 39.5 47.'l. 
0 90 24 1.04 5~62 0.40 16.15 0~225 .e..645 43.8 48 .. 4 
u 75 48 1. 7l., 8 .. 02 . 0.40 16.84 0.23 8.285 42 .5 .so.a 
u 90 ,.a 1.40 7.78 0.40 16 .. 75 0.22 8.15 45.0 5LJ 

FlotaUon Tailing T0sts 15 and 16 

l'.> 15 24 0.56 2.40 - 0.115 2.495 0.04 0 .. 92 
15 15 48 0.94 S.'.:!O O .. ll.5 2 .. 495 0.04 0.90 
16 90 24 0.50 7.62 o.u 2.06 0.04 0.965 
16 90 t.B 1 .. 62 .8 • l ti o.u 2.06 0.04 0.82 --

**Calculated 

l 



'i;l';gr > tn t~st..19 it was ieeo tMt S,'1ffldent, U.beration of the mf.~el'eil$ to 
'g ; > !i"'' &~;}~P:~~ recover)• by .flotation W~S. achi.eved at a ,tr ind of about 5S'lt 

,,:·{"'!:nus 20~;/m~~h,. ThoJ<JHowin9/:te$ts sKbw that the gold and sil'Yer recoveJ:7 
'.J:;'.t#~reasefi:W~,c;,h flotat0i,o~ time and the oJeraU .recovery :l.s enhllneed by ~he · 

:'fcya:gidation of the flota,tio11 tailing. ?he :r~sult.s are Cit,nta1:ned in I'able 20 
and ar·e presented <&raphically in Figure 7., 

Test Titlle. ~ Reagen.,ts ... lb/ton 
No. Operation Min SoUds pH 

301 Z-6 P.O. 
' 

ait.i•sts Grind '16.,5 6S 0.10 .. . 
-

21 Condition s 35 6.4 .. 0 .. 10 .. 
Flotation* 6 .. . .. o.u 

22 Condition 5 lS i, 6 .. 4 .. 0 .. 10 .. 
P1o.tation1AI· 10 o .. os 0 .. 10 o.ta 

23 Condition 5 3S 6.4 .. o .. to • 
flotation* 1S 0.10 0.20 0~24. 

24 Condition 5 35 ·6.4 .. 0.10 -
flotation* 20 0.15 o.3o o.30 

*Rearenu vere. stage added during fl.otatton. .. 

F tests Reg.rind 10 • o.os 
b,t: cluner s ... .. 
2nd n J " ... 

j 3rd u 2 ... ... j 



'I'ABL:6 22 
~t$ of_]'.ests 21-,, 22.t 23 aac.! 24 

{)f?f .... . ·· ·.· -~~oct ,- ;: M 

- -~----· ........ -~.,,-----i-------t-----·+----·--t--
. fii\al t,onc 6. 2 2. 59 

,-
Ag Au Ag 

174.76 43.0 67.2 
3t~9 cl tail 0.6 2 .08 .38.51 4.5 1.4 
2nd '' " 1.2 1.405 27. 715 4,5 2 .o 

21 tSt I n 3.5 0.95 9.70 8.9 2.2 

-... Flot II I 88.5 0.165 -------·-----+--·-··---+------.... -------
Head C:.i':~~~-d_) ______ .,., __ l_O_o_._o __ o_._3,_7 _______ _ 

4.95 39. l 27 .2 
16 .17 100 .. 0 100.0 

103.29 60.9 72.8 
.. ,., .···t.·=· ... ~ .. ···· .. ·. _ ~-·· .~ cone l 1 L 5 l. 98 .,. .- • cg~~ ni:~--· ------1-·-(-~._1_0_0__,,......... _____ _ 

I 
3,35 23. 7 17 .2 t 

·-~ 

.... . 
L ... -.. Overall ~ecovcr~ (l + 2 )_i J_ ___ _...._ 84.6 --,...-.-1 

22 

23 

nnal 
Jrd C 

2nd • 
1st I 

Fl.ct 

I 

I 

Head 

-·· 
cone 

1 tail 

" 
II 

I! 

(calcd) 
. 

cone t. 'to 
2. Pi: ·eg.nant - soln11"* 

Overa 11 recovery (l + 

· Pinal cone 
3rd cl tail 

I 2nd u ti 

I 1st n 11 

Flot 11 

Head (caLcd) 

l., Ri:i cone 

' 

2. Pregnant so ln** 
_,,,..._..,v,.. 

Ovt~ral l recove .ry (1 + 

7.2 2.60 
0.1 1.58 
3.0 1.35 
7.2 0.44 

81.9 0.15 

100.0 0.39 

18.l l.49 
l 0.10 

2) 

8.3 2.69 
0.8 0.56 
4. 7 0.59S 

12.3 0.32 
73.9 0.125 

·- -· 
100.0 0.39 -

26.1 1.13 
.085 --

2) 
·----r-----·-----·- ,·---···r··----

1 Final cone 8.2 2.88 
j 3rd cl tail. 0.6 1.52 
I 2nd 11 11 2 • 8 0. 7 0 

24 j lst II I! 26.5 0.245 
Flot II 61.9 0.105 ----· ---------

*From Intt'cr,.t1 rt P:S-Ac-6,;-536. 

·-
167. 72 47.6 71.0 

47.60 2.8 2.0 
38.80 10.3 6.8 

6.465 H. l 2.7 
3.64 31.2 17.5 

17 .01 100.0 100.0 

77.56 68.8 82.5 
2,37 20.8 1-li.~~ 

89.6 93.9 

r I -
150.55 57.6 74.9 
37.57 1.2 1.8 
17.27 7.2 4~9 

7.955 10. 2 5.9 
2.84 23.8 12.5 

·-16.68 100.0 100.0 

55.92 76.2 87.5 
1.80 16. 2 7.9 

-· -
92.4 95.4 
-'--·----

.,. 1 1 !.cm - nr ;,t :, ,:i',:rion ,;f :1 :l and lution :,lr<:;-~gt.h ot 1,0 lb 
ln Gil.\.!.:] tc:d by d,i !.en'nL,. 

i 
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100 
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co 
< 

(2) 100 i::: 
0 
u 
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;;,.. 

...... 
75 ti!) 

< 
"' u 
> 50 0 
ti 

"' .::( 

0 

(l) 

w 

50 
0 

(.I 

·-o 
Ii:! 

25 ~ 
t) 

.:.:: 0 
m 

0 0 
0 10 15 2 

Flotation Tim(\ M i.nutes 

figure 7. - T£~sts 21. 22> 23 and 24, Cu.·zmlat i.V{> Rougher Recovery and 
Grade vs t'lotat ion Time. 
(1) Rought•r concentrate ~rade ot/ton. 
(2) Rougher re<:ovcry by flotation. 
0) Overall n'covery by notation and cyanid:ition of tlotation 

tailing. 
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f{:;.::/' <,;;;:{. '. : • . • ,./. . .· ... ·· . . .· • • . •. . ,,,"•,i,i;;,.,1,e:,,f:l.ata.t1on w1th li.o~er ieag~nt A<ld.1t1on.s (Test 25) 
/t:l:}j''-,:".,;~.-~~.'!-··~:_:·:y·'; - -* j' (", -- ,, ,,It.,\ ... ,·:-_.:·--,,;, ' .- - -, ~-· j 

, ·.' ... .. . . ~o QJ?ttr•urn ~,~._wcz:y of the gol4 and si b,er appQa:t"S to occ.,u: •~ .a 
·•tq~1 9-f · ~b()ut, 55\ rniq-...s. 200 !llt'sh and a rougher flotadon ttme of 20 ~inut,e.s • 

· ~~t;.:e ~ttempt was made in thts test to 1:'educe t:,b.e amounts of flqu~f;~ 
.wh,t<th bad heen used in other tests. .Additionally, Dowf:roth 250 was 

.:ifi~ . ted fQ,f ptne oil •. 'the res\llts of this test, in ,-,,hit:h suc.!cesstve ~on• 
·· 9ijn~'.l;~~e;s· vere t'emoY~d at 1. 3 ~ 6, 10, 15 an4 20 minutes of flotation time 

a,,re SAOWU in the fQUouing, tables and at"e gt;,aphically illustrated in Figure 6,. 

Operation 

Gri.nd 
Flota:t i;on No. l 

" No. 2 
Condition 
Flotation No. J 
CoTidition 
Flotation No. 4 .. No • 5 
Condition 
Flotation No. 6 

Product 

Flot cone No. 
It n No. .. •• No. 
n tt No. .. .. No. ., u No • 

i 
Flot t:ail 

r--·---
j Head ......... (calcd) 

::tFron, lntcrn<ll 

t 
2 
3 
4 
5 
6 

TABLE 23 

Time 
Reagents - lb/ton 

t'. 
pH Min Solids 301 

16.5 65 0 .. 05 
l 
2 
3 
J 
3 
4 
5 
3 
5 

35 6.5 -
0.05 . 
0.05 

0.05 

TABLE 24 

Resqlts of Test 25 

Wt Assays* 
i Au Ag 

2.9 1.36 248.90 
3.2 l.60 108.7) 
5.6 2.30 32.35 
5.3 0.11 17.60 
6.0 0 .. 36 10.63 
5.0 0.28 8.30 

n.o 0.115 2.66S 

Z-6 D.F. 
2SO 

- 0.04 
- 0.02 

o.os 0.02 

o.os 0.02 

0.05 0.04 

Distn 'Z 

Au Ag 

10.5 44.0 
13.6 21.2 
34.3 11.0 
10.1 5.1 
5.8 3.9 
3.7 2.5 

22.0 11. 7 ~--- -' 
_, __ 

100.0 0.36 16.41 100.0 100.0 

Rt:-port NS•AC~68~ )lt9. 



Cumulative Recoveries 
Ag 

·~ 
t a: 

tt 
>. 3.0 
k •· ~ so 2.5 u 
II)' 

°' 
11V 2.0 CII 

> Cumulative Grades 'tj 8 ... (!I ,.,. ,... .... 
CCI Cl s:: ~ .... 1.5 0 
:, cu u (! a ;:,, 0 

._.. N '°' 
1.0 MO-

(!I ~ .... .. 0 
Ag :) :, 

§ < .. 
0.5 0 : 

0 0 
0 5 10 15 20 

Flotation Time Minutes 

Ptgure 8. - Test 25. Cwnulative Grades and Recoveries vs Flotation Time. 
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Flotation with Cyanide and Lime (T~st 26) 

In an opl•r.1tion involving flotation and cyanidation it is sometimes 
~c.htant;1~(·ous to grind in (;yanidc solution. This is particulady true where the 
gc.~l<l particli,•s are t,,u:·nishcd and slow .. floatiog. In this particular test,cya.nide 
~,u,<J ~imc w1.,•rc added to the grind in anticipation of the cyanide acting to clean 
the mineral particles, th1.1s making them more amenable to recovery by flotation. 

ttmes. . . 
The rougher concentrate in this test was reground and cleaned four 

TABLE 25 

Flotation Sche~e Test 26 

Reagents - lb/ton 
Time % -Operation Min Solids pH 

NaCN eao · 301 :Z-6 D.F. 
250 

Grind 16.5 65 LO 1.0 . - -
Condition 5 35 8.4 - - 0.05 ... 0.06 
Flotation* 20 - - 0.10 0.30 0.08 

Regrind 10 - - - - -
Condition 3 7.8 .. - - 0.05 0.04 
1st cleaner 8 0.05 0.02 . 
2nd It 4 7.3 
3rd It 2 7.1 
4th n 2 6.8 

*Reagents were st.age added d:uring rougher flotation. 

Product 

fin.:tl C!)OC 

4th d c.a il 
3rd II .. 
2nd 11 It 

lst H ,, 

TA'BLE 26 

Results of Test 26 

Wt Assays* 
~, ,. A-I Ag 
s.s 2.99 149.3S 
0.5 1.49 5S. 72 
1.2 0.71 17.14 
3.S 0.38 8.87 

13.9 0.195 3. 77 

Au 

Distn % J 
,---11---A-g .. 

72.0 
2.0 
2.4 
3.8 

83.8 
1.8 
1.4 
2 .0 

~~:t..Thr~ r;':t:r·,~.., ~t·;::-r'!t ~~11 ,.:~· ~:1~· 11ot.1.:.:i·::~·:--~ T,Jr"nf1~.1t,t~, ,,,. .. ert co· .. t,ir,t:d 

~-iJ H.~;1!:ui .. i,:.:.t· ,;ql,! . .:.~n,~i ~1lvi;~r. Li~itig 2·{ d ~i-t.i.tJ ton:~ ·U! 1 iltrate 
c,nl·y :r.1,·,t, ,t',i~h .... -u.nts ct .it~i:·:;.,t'.' cl=t·.:', 1 : t!~ wer't~ ~Jc-t.;·( t:t't·d" 
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SampJes o.f the 1.·o\.1gber flotation tailing and of the 1st cleaner tailing 
,w~re cyantd~d for 24 hours at a dilution of 2 :l and a solut.ion strength of LO 
Na~/t;:on and 1.0 lb CaO'/t9n. 

TABLE 27 

Results of Cyanit.fation. Test ('1'4',st 26) 

·- . 
Consumption Assays oz/ton* Extraction** 

Product lb/ton fe,ed Feed Residue % 
. 

NaCN Cao Au 1 Ag Au Ag Au Ag 

1.0 2.1 0.05 1.41 0.03 0.625 40.0 55.7 Ro flot tail ! 1st cleaner tail 1.6 5.75 0.198 3.77 0.11 0~875 44.4 76.8 

~\-From lnternal Report MS-AC-68-573. 
**Calculated by difference • 

.9}:anidation an~_Llotation ~Test 27) 

----· 

The preceding work has been concerned primarily with the flotation 
recovery of a saleable.grade of concentrate. This method of tr,eatment was 
allgntented by the cyanidation of the rougher flotation tailing to ensure nwximum 
recovery of t:he silver and gold. An alternative m(~thod of treatment was tried 
in which the ground ore was cyanided at a dilution of 2:1 for 24 hours ar.d the 
cyanide residue was then subjected to flotation concentration, regrinding and 
cleaning. 

The test procedure in this test is shown in Table 28. 



• < 

C.)nn.tdn-ttor-. and ~lotation Scheme Test 27 

. ·,·: .. ,_ 

Tim~ '% Reagents lb/ton 
pff. 

NaCN CaO •,, br-nU.n Sol ids 301 z .. 6 CuS04 DF-250 
,, l• ." ·_:· • ~--

J C~:t:nd ... · 

i_ •. ,}.c, ___ .:_:i_:_a ___ .. il. 1_r_ ~:t:.si,o·_ n_ (l ) 
-_ ·• 

1Cotld i.t t<m 
· -- 'Flot:at1,on(2) 
i :a~gl;'ind . . 

11.·s_._ •.. t d-eaner 
2rt~ 11 

· 3rd u 
j, •,. 

14th n 

I 
I 
I 

2.tt.5. 
24 
12 
18 
10 

8 
4 
2 
2 

65 
33 
35 10 •. 1 

9.1 

1.0 
4.72 

i.o 
s .. o 

o.os 
0 .. 025 
0 .. 02 
0.025 

0.05 
0.15 
0.02 
0.025 

1.0 
0.10 

0.02 

(1) The cya.nide pulp was filtered and washed and the pregnant solution was 
r~.ae:rved for assay. Tht> J~:S ratio of the pulp was 2: 1. 

(2) Reagents were stage added during rougher flotation. 

Tbe results of this test are shown in Table 29. 

Product 

Pregnant solution* 
Final concentrate 
4th cl tailing 
JTd tt tt 

I 2nd 0 tt 

I 1st tt u 
~ tlot.ation tailing 

! R~ad (calcd) 

TABLE 29 

Results of Test 27 

Wt Assays* 
% I Au ' Ag 

' 
- 0.102 2.654 
7.7 2.48 114.29 
0.4 l.742 54.358 
o.s 1.039 26.386 
3.0 0.441 I 6.552 

23.2 0.11 I 1.845 
I 

; 

65.2 0.04 ! 1.53 

100.0 ! 0.472 16.08 I ' 
*Assays expressed in oz per ton of solution. 

**From Internal Report. MS-AC-69. 

Distribution 'X. 

Au Ag 

43.2 33.0 · 
40 • .5 54.7 
1.5 1.4 
1.1 0.8 
2.8 1.2 
5.4 2.7 
S.5 6.2 

100.0 100.0 1 



.~51t1~~ .. t/!,~~'~rda):~ori .~t; Z&> ... • . 
. . . . ·. .·. , . J'plto1(in$, the::,fl9t.ation sch•e Qu.tlined in Table 22, 28000 Jrlllis 9f 
. 91:r,t,,~4.lt,t.,tflt,t:n~ An¢: f!Ji.Qa:ied in two: b.A:tche&;, :in a large Agitai:r cell. The i-oughel' 

~.6~~.e\lt~~;~.$.c wj!t•kC'~bi:l)e<l, :regr<>und1 an~ <;leaned. this la:rg• amoµ.nt of ore 
·tci,f1ij.~ij,t'#i:;npt~t~,,Jsiifti.ei:,n.~ Una:1 concent:r~te for roasting tests. 
j •• • .,,:;: ·; ... ' ,' I ' l• ' c • • a'~ ,> S C 

:·\;/ , ·•· ;~~' fJ,,<>tttJon tailing Wl!S sampled and cyanided in an open agit.ator 
£:~;l,°';,~8'1l)q1:iij) c,lt a diJt.ttion ot 2;1 and a solution strength of 1.0 lb N.aCN/ton 
ana.-·i.:o lb'.'Qa()/~on. . .. 

TABLE 30 

.aesults of Flotation a.nd Cyanidation Test 28 

Product Wt Assays* 
-z. Au 

P'foal 9onc 8.8 3.21 
4th cl tail 1.3 o .• 615 
3rd" n 2.3 0.415 
2nd '' It 4.2 0.425 
1st n u 8.6 0.29 
Flot tt 74.8 0.10 

.. 

Head (calcd) 100.0 0.42 

Cyanide residue** 0.04 
· Overall recovery % 

*From Internal Repoi:-t MS-AC-68-769. 
**Calculated by difference • 

Ag 

141.15 
14.89 

8.83 
9.085 
4.89 
1.59 

14.85 

o. 795 

Oistn % 

Au Ag 

67.7 83.6 
1.9 1.3 
2.3 1.4 
4.3 2.6 
6.0 2.8 

17.8 8.3 

100.0 100.0 

10.7 4.2 
92.9 95.9 

. A colllplete analysis of the final concentrate in Test 28 was as follows. 

TABLE 31 
.# 

Analysis* of Final Concentrate Test 28 

Gold (Au) 
Silver (Ag) 
Arsenic (As) 
Antimony (Sb) 
Lead (Pb) 
Zinc (Zn) 
Copper (Cu) 
Sulphur (Tot S) 
Insoluble 

3.21 oz/ton 
141.15 ° u 
16.86 per cent 

2.10 u u 

6.40 ° n 
3.80 H n 
0.80 n " 

26.94 " n 
13.26 t1 11 

*From Internal Report MS-AC-68-767. 

' 



,c£;;aoas~igg. (Tes.ts. 29, 3Q and 31.) , 
'"::'' '· ·~~.~~ 1 ' •···· •' . ,., . 

. . . A ~~ltie$ Qf rga$Ung tests was carri•d out on samples af the co.nc4U\."" 
• .:1:;\t~~:~o ptl,'iduc:ed: in Test 28. ln all of these tests a hairpin muffle .. fu;tnace 

; ;~ililse:tl. Rat>bUng of the charge was done by hand. 
;:t:·.' , ,' ·., 

T.est, 2:9 

' . 
. , A 100-gram cha:rge was placed in the furnace which bad been prceheated 
to 30fJ¢C. The cem.1lerat1,1re was raised to 400°C with the door ajart the fan on~ 
~u\!i -with intemittent rabbling. The temperature was held at 420°C until the 
,AsaO) form~d ha.d disapp~red. The temperature was then raised to 650°C and 
held for two hours during which time the charge was rabbled every five mtnut.es. 
the cha"t:ge was then withdrawn from the furnace and cooled. The roasting tilue 

·was S hours. 

Test 30 

Test 29was repeated~ In this case the charge was removed from the 
fl!rnace when the Asa03 formed had evolved. The roasting time was 2. hours. 

Test 31 

Test 29 was repeated. ln this test the charge, after the evoh.ition 
of the arsenic as As.aO,, was held at a temperature of 650"'C for 1 hour. The 
total roasting time was 3\ houl."s. 

the calcines from these tests were weighed, screen tested, and analysed 
with .t'esults as shown in the following tables. 

TABLE 32 

Screen Tests on Concentrate and Calcines 

Pax-ticle I Concentrate Calci.ie Calcine calcine 
Size Test 28 Test 29 Test 30 Test 31 

-f·48 mesh 4.3 
+65 " 6.7 2.6 2.9 
·HOO" 0.4 4 .. 4 3.6 3.1 
+150 u 2.6 13.s 6.8 8.4 
+200 n 4.3 14.6 13.6 14.3 

l +32S " 23.8 25.9 28.2 24.6 
'. -32:> n ! 68.9 i 3S.J I ,.; • l l 46.1 l 

! TQtal I lOO.O : 100.0 I lOG.O I 100.0 
• 



Au 
, Ag 
j As 
j Sb 
i 'l'ot 
! 

l Sol -

... 28 ... 

TABLE 33 

Analysis* of Concentrates and Calcines 

I Concentrate 

£11.,'ment. ~ 
Test 28 

l.00 l 

oz/t.on 3.21 
II " 14). .15 

per cent 16.86 . 2.10 
s u n 26.94 
s n 0 

l 

' Calcine i 

'rest 29 

77.l 

4.015 
184.S45 

3.54 
1.86 
4.)5 
3.28 

Calcine 
Test 30 

76.7 

4.09 
193 .t,8 

4.08 
1.68 
7.73 
1.53 

*Frcm Internal Report MS-AC-68-769~ 

Calcine 
'res.Mt 3•1 j 

j 
76 .. 3 . 

4 .. 20 
190.28 

3.21 
1 .. 74 

i 

4.:n I 
2.38 , ______ .J 

In order to obtain sufficient calcine for cyanidation tests.t a 1000 ... 
grain charge of concentrate from Test 27 was roasted in a hairpin furn~ce at 200"C 
with excess air. The tempt~rature was raised to 500°C with almost continuous 
rabbling. When the Asa:01 had e\Jolved, t:he temperature was raised to 750,.C \Jith 
limited air, rabbling ev(ity f1ve minut,•s, and hdd at that t.:~perat'l.n·e tor ~ 
hour. The ro.asting time was four hours. 

~sting (J_est 33) 

The roastins procedure outlined above was repeated with a 200~ram 
cbarge in which 20 grams of sa .. t had been mixed 

The rc~:ults of t:he·s.e two tests were as follows: 

' -
'Au 
: .Ali,': 
j A; 

Sh 
Tot S 

TABLE 34 



TABLE 35 · 

Results of Cva.nldation Tests on Ground Coneentrate and Calcine from Tests :rn, :n ,1~3 

Cyanidat1on Conditions Assays, 01:/rn11·-----,1· . ·--, 
So tut.ion Reagent ·-·-. -... ·-- ·- Extr;1ction~1-:1, . 

St.reng.th Consumption Charge Res i du.::* 1, 
lb/ta::>n Sol lb/t.0·1 charge 1 
NaCN Cao NaCN · Cao. Au Ag .... ,,~;.- ·,J · ·-·--·- ·; ---1-- ..... . 

1.0 35.8 59.4 3.21 1•1.15 ~;,~ -.• ,· •.. - 91. · I 2::~ r30.s·-· 
n 42.0 108.0 4 .. 39 19B.88. 3 .. .,17 ! 6.ti!>' la., ;31 .. 1. 

u £;.0.0 100.0 u u ).96; H\t..; .• ;; , 9.S j 7.4 
n 36.0 78.0 n " 2.6851 130.7&1 .. 38.8134.2 
u 1.+0.0 100.0 ° ll 3.lil 1 1 .]~, ! n.t .. i'A·4'1 
" 40.o 100.0 " " 2.s,. \ i;;;;s •. ! 42.1 136., 

lb/ton charge 

Reagents to Grind 

NaCN Cao NaCl PbO -
Cone 
(Test 28) - - - - s.o 
Calcine 
{l'e.st 32) - - - - ,. 

t> - - 10 - n 
n 0.25 - - - n 

" - - - o.os ,. 
1, 0.2.s - - 0.05 n 
II - 0.2S - - u u 3A.O !00,0 n n ll.1..2 j 13",-:·j 22.1 lll.7. 

_____________ __... ____ '_' _...._:~L-mo.a _ 3..:.:.::_.J .~~ 7. ::: j _ ~'.:. ~-~J _:_:::J 11 • 3. .. --. 
Ca kine 
('fest l)) - - .. .. u 

..._....,,,.... .. ~ ....... 

*From Internal Report MS-AC-66-818. 
**Cal,rul&ted by difference. 

Note: Grtndhtg time vas 20 mlnute!i resulting in a sctnd of 99.l''J;. :ninu.s 
Dilution was 20% solids and the cyanidation time was 48 hou~s .. 
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Roasting and Cyanida.tion Test 3~ 

A second series of roasting and cyanidation tests was carried out. 
As in Test 28, a 28000-gi.-;:..""U sample of minus lO~mesh ore 'Was ground and floated. 
the final gold~silvcr concentrate assayed as follows: 

TABLE 36 

Anal vsi!,* of Roa., tar Feed --~-- ·---·-,---
---

Silver (Ag) 158.69 oz/ton 
Gold (Au) 3.372 u II 

Arsenic (As) 17 .43 per cent 
Antimony (Sb) 1 .. 6,. II !! 

Iron (sol Fe) 29.49 " It 

Sulphur (t:ot S) 28.56 II 11 

*From Internal Report MS-AC~70-102 and 70-138 

The roasting tests were done in a large ceramic tray in a hairpin 
muffle furnace. The doo:r of this furnace was opened sufficiently throughout 
the tests to permit almogt continuous rabbling of the charge and> wit~.l the 
exhaui;t fan on, a sweep oi air was provided over the surface of the charge. 
In rm attempt to overcome the detrimental effect of antimony on cyanidat ion~ 
var.·y.ing amounts of salt (NaCl) were mixed into tl'i.:e charges. The roasting con .. 
ditions and the results are shown in Table 37. The results obtained fcom 
cyaniding the calcines ar,e shown in Table 38. 
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TABLE 37 

gpastins Conditions and Results Test 34 

I Weight \,,'eight Ti.rr,e at Temp Total I .:est. in min time j gra:::-:s Loss "'C, Rem.arks 1 

_j !o. 
lchacc1,!I l'LlCl !calcine % 4501550 650 no hr min 

V ' I -i ! 

3 
3 
3 
J 
3 

4 
4-1 
4-2; 

1 

4-J; 
4-4 

st.-5 
4-6' 

34-7 
4-8 

200 
It 

!I 

ti 

II 

!1' 

II 

II 

II 

conccntrace 
10 I 143 

I 
0 I 141 

.i 20 I 153 
10 l 149 I 

0 I 146 
20 I l l18 
10 ! 144 
10 i 142 

- ~ - -
I 31.9 55 - ~ 

29.5 55 - -
30.4 70 - -
32.7 55. - 35 
27.0 55 - 35 
32.7 60 - 80 
31.4 55 60 -
32.4 55 - 60 

..! 

- - - I - 2 15 1 after Asa03 evolution 
- 2 15 1raise temp to 750°C and 
- 2 30 'ith,m pull <.'.h,.u·ge 

- 2 50 , S zuue as above except hold 

- 2 35 ,at 650°C then raise to 1so<>c 
- 3 20 and pull charge 
- 2 25 raise to 550"'C - l hr - pull 
- 2 45 NaCl added after Asi03 

------------------·--------........... -·-·------------·1 
t Calcine Analysis* Gold~Silver Balance 1 

Test 
No. oz/ton Per cent 

-
Units 

-1 
i~ Gain(+) j 
"1. Loss(-) . 

-·----,,------i1-----.------,------.-------
---1----A_u _____ Ag_· ____ A,_s_ ....... _s_b ___ s_o_l_F_~_<_1 _________ Ag ___ •. Au A

0
~J 

j 34 3.)72 158.69 17.43 l.6li 29.49 31738 0 .. ! 
J :,t.-1 I 3 .ss 181.62 1.48 o.89 38. 10 25972 -17. 7 -1a.2 .. 1 

Tot s Au 

28.56 674 
3.26 55) 

I 34-2 I 4. 76 220.40 1.52 1.04 40.14 31076 -0.5 -;,i.1 j 

~::~ : ~ :~~ g::;~ i ::: g::;u~ I ;:::: ;!~;I :i::; -~·;:! 
34-5 4.76 211.40 1.63 1.13 40.25 31156 +3.1 -2.9 
)4-6 1 2.18 166. 75 1.48 0.86 39.22 24679 -52.l -22.J 1 

}(•-7 i+.47 225.67, 0.96 1.11 39.10 2.66 64!, 32/496 -4.5 +2.l, 

2~ -8 _L3_: '.' ()_, ·-_!_~_s . ] :1_. 0. 97 __ ---~. t,9 __ i._o_. 5-~-- l _2_ .• _6~~- -~::~~~- __ m 40·--~~~-1_2._ti . 

2.57 671 
3 .35 ~·ll 
3.06 St.ii, 
2.26 ()t)5 

3.90 323 

*fror:i Internal Report HS-,\C-70-ltd, 70-1::.8, 70-21'•, 70-2H,. 
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TABLE 38 .. 

• 

----,.,---WO (•ht·-----r---,..------A-,.,.i-t-·a_t_i_o_n_,,1:~===~=~R-~a_· g_e_t=lt=s_-------· ~ 
'!'est ~ We 1 Grind Dilution ·-a Soln Consumpdon j' 

in gr-1::ls Loss Time St th ~io. · ~~ mi.n w/s reng lb/ten i j i~ hr lb/ton l 

l-. --.... 1, _c_a~:ine 'ti ?..esic;.,:.1------------------- Na·-c·-N-,-C-aO_·_N-'a_(_;N-~--~aO i 
t 34-1 1~io e1.1~ 12.6 20 s11 48 2.0 1.0 24.o, 21.0 1 

1
34-2 11 92.6 7 .4 H n 11 n 11 41.<J 30.0 I 
J4-) n \ 82.8 17.2 '1 II 11 U 11 2.3.6 14.Q j 

I 3l,-i. '' d7 • 7 12.3 11 !I I! 11 11 15.0 23.0 ! 
'1314-5 " l 92.8 7.2 II II II H " 41.S. 30.0 l 
, )4-6 ° I 84.l 15.9 11 11 11 j 11 n 16.0 lJ 15.0 i 

, ]'~-1 u I a9.o n.o l " u ,, 11 11 ,, 10.a .. 2~:.~j 
1 Je:-8 11 .~s.o 12.0 j O 11 0 u O 1a.1 J 19.6 
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CONCLUSIONS AND DISCUSSION 

Electrum, an alloy of gold and silve1· was identified in the cn:e using 
an electron prob,: an;;l )•zer and 1,;,•as the only sold-bearing mineral found in the 
ore. 

An assess1,,c;llt of the results of all of the test!:i indi.,:ates that t.he 
final flowsheet should include ., co:::bi:nat.ion of flotation and cyanidation. 

The optimun flotation recovery of th;;> gold and :s.Hver was obtained 
at a grind of between and to::, tninus 200 rnes.h and a Ho tat ion time c,f 20 
minutes. When this was augment,"'d by the cy,·rni.dation of the rougher flctat ion 
tailing an overall rcc,lvery of about 94% and 96"/o of th!C gold and silver r1::s• 
r,ectively was obtained. '.the results of such a treatment are illu~trated in 
Figure 1, in 1,1hich :~h.:: recoveries and the concentrate gradr·s, of 'tests 21 to :I.L. 
inclusive, for ;gold and silver are plotted ,against: the not,1tion ti.me. The top 
l lne in each gr .. ph represents the overal 1 recovery aft,ei: t.lic cy~1nidation o( t11;2 
flotation tailing. In Test 24 (Table n), a rougher flotation r,eeove.ry of 83.'.$\~. 
of the gold and 92.2% of the silver was obtained.. Cyanidation of the flotation 
tailing increased the recovery to 94.5% and 9'6.6\~ of the gold and ,nver res­
pecttvcly. Almost identical flotation results Yere obtained in Te~.t 25 (Table 
24) in wrich drastically reduced amounts of reagents were! used. the rougher 
concentrates are of course rathN low grade an<.1 the necess,,u·y flotation clem,tng 
stages required to increase the concentrate grades to ~arket:ahle lf.:r,;r,ls r1:sult 
in reduced recoveries in the final con<:e:-.t.rate. 

An alternative method o! treatment involves the cyaniclation of the 
,ground ore followed by washing, rE•pu1p.ing, and the flot .. Uon of the cyanide 
residue. For compai:: i son purposes. a s,1:m.:::iary of the restil.t \ii .of the two methods 
of treatiee:.t an• shown in the foHowing Tabl<". In Test 26 flotation was f oHow.e.d 
by cyanid.ation and in Test 27 cyanidation was followed by flotation. l.n e,acb 
test. the final conceot:rate was obtained after four <:le,,H'IICr st.ages. 

TAB!.E 39 

t' h'la l fl O l cone 
i,(.!;)t lon oi R<, U ot t,1 i..U .ng 

'fot:il 

Fi.mil i 
Tot ;,'l 

n.o 
3 .• 8 

iS~B 

,.:1. 2 
!10.) 

Bl.7 : 'j • 7 
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A larg,e ru.1mber of .toast tug t:esu were done witb .and without th£: 
.addition of. s.i.l t. fo every case ,'l weight loss of about 300',. re.sul ted becaus~ 
the ,icst?nh:. 1 .:ant. L\;:r;,ny • a:11d s.1.:lpbut' w.::1:e volatH ized. The operat!ng conditions 
and the t"eisult$ ,:;if the r,}astir.a tests detailed in Table 37 show tb!lit 'when salr.. 
ts t!sed du.ri.ng ;1.·ie.,;ca:s;tin,tt losses .of gold .and silver c,cc1.u:. Gre.;it care \ofas 

durh,rt, ti::, avoid rzie,chanical lc,sses and -chis leads to t.he condusi.on 
th;;c.t ;:,11d sih•~r chloride which are fonr:'-'d during the roasti.ng arc volatilh:ed. 
The t c~·~::!"ittit to1- to these lo~se~ appears to be the af'lo1.mrc of 
a.ah ,;dded ~Zit,. :· th,m t'.ae tempc:.ra1;.,,.J:re of the r·v,:1i1r.. 

of the o:rc t,,:ro1.m.d as iirae as 90:~ m.i.nus 200 m,esh ('l'abl.e 20) 
.;;~; .. ;,: ,,ct.l.:ms. cf only l,:,% oi thee gold ,:md .Sl'}~ of the silver. .Extr,ac.tiom, 

,,:(;'re r.:;uc.; lub:i.!1" wht:·n. ,11 ccmcentn;,t.,.! vas eyanid,ed (Tabl<1;: 35). In Tuble in 
vld.c;i ti,,e r~iit:.':. .. s ,,f the cyz,nidatioi~ t:ests on t.h£: calcine·,, produced 1 n Test 3J1 

,,rre t_}.,_, , pc,c::: ext.r,:ct:.on of the ,gold a:rrJ :::.Hver wz.s .:..,btained, -·hese figur,:s. 
·~ ~·co.,;~ much worse when one cons i<ie11:s the large gold and :sH ver losses whicl, 
occuri7ed during :roa.sti rig. 

The rcsl'.lh:s of the 'invest: ig.:t.ion ind:iJ:ai:e that 11.eit:hcr <:y,rnidation o! 
o. co;ic s:ntrate nor roasting followed by cyanirl,u; ion of a {'",,1Ki.mt:ratl2' ',v"s:ld be 
<"C,:-;n-.,mically feasible. Ihc ilowsh,;:;ii.!t f.or the t:xeatment. N thh Ot'!! should b,! 
l'.ut.::- in W.'1ich a marketable flot(.<t:iion <:.om:::entratc is prQduc.ed. This shoi.1ld 
include a cyani.dation circuit either before or aft,er Hot.at.ion to prm,•:ide maxi• 
muin n,icovery of ih,~ gold an.a !iilv<n". 

Th~· authors <wish to ad,m::iwled.g(;' the d.:.,ta suppl i'l:d 
1,,i tha. th.:~ 1n.n.i.•ral Sc,!:ences Dh•ision of t.hc Him~s fa·and~ .. 

Usin,:. ~!H3' elei~1:n::•,:1 probe, z,, ()wen s1;,c.:·,:dcd in id,,nti.f;d:;,t ,·1<~cti~um 
while n. PalQel',::, ccntrUr,,ti!:-d the s1:::;:;.-quancitt,t ,,.,, sp.:::Ct)· :..:iraic.al d.,t • Mer:c:srs.. 
C. ,, .fu··a,d J .. G:~~1~1at;!l r{~tt:f;rK";d,~11 ,~! ,~,;4 fttt)!d ;t:rt~:i:~ 11."vt~i.· ,.i~,,s..ay,:r. 
bt,t:b fire ion l1t$sri,,. I{~ n,u.clixus:r,!,tt't', H. 

ic1: 1 .R. b 1:1i, R. !lor:;,,h<'.'14J', 1'. i.onth:h,·r, .and H.. l:<C>b1.1s -d,.:t"'n,dra,ed 
11•1 ,~: :l,.:'.~U,;;.u,,;., .•. s. constia. ts .. 
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