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1 Preparation of Drill core, run-of-mine Cyanide
Polished section or crushed ore ieaching
I I [
Optical Assay for Au, Ag, S, As Te, Bi, Sb, Hg, Assay for Au
microscopy Cu, Pb, Zn and X-ray diffraction analysis in CN residue

for mineral [

identification

alteration and
textural

Preparation

Gravity separation of sized fractions for
liberated gold and gold-bearing minerals

characteristics

of polished

[

’ sections from

Preparation of polished
sections from heavies,
middling and lights

teach residue

Preparation of polished for gold scan

cections from heavies,
middling and lights

Scan for visible gold
by optical microscopy,
SEM or IA

Acid diagnostic leaching
of light fraction if
necessary

|

Quantitative analysis of
gold minerals with

Preparation of potished
sections from leach

electron microprobe residue for gold scans
1 1
Quantification of Determination of gangue and
submicroscopic gold BMS mineralogy, liberation
with SIMS and LAM- and modal analysis of major
ICP-MS minerals with 1A

i I
Characterization of the ore constituents detrimental to
processing(e.g. carbonaceous matter, clays, pyrrhotite,

marcasite, stibnite, and soluble copper sulfosalts)

I I
Gold mineralogical balance
Determination of gold carrier liberation characteristics
Evaluation of alf factors that may affact gold recovery
Recommendations for process section/optimization

e o s

(o]
a7 22

MO AESIN EM BN

=T o

HHH
S T O

Process routes

W2=f(sampling,

<\d\em$tration testwork

Measured

/

combined

Process options

combined
N W2=f(sampling,
V \preliminary testwork
inferred Measured
o \\1 '
¥ F Contradictions|
& cehawor Tanagement
and feedback
combined

W2=f(sampling,
equipment grecision

Measured

-
Mineralogy




259 193
P How
Z2 o
ERRERE
FaEe
LEE
3250) &
elof b}
Ao

L0)8 X arsenopyrite), 4

Hpyrite),

Eog WLE Qi

3 Ool“oi ol e} Hh: 58

o,
i/
W

it

re
it
iy

=2

)
N
it rz.*@‘

o

s
° ©°
>
o
R

X

o]

+ 4
lo

5

24

QS:—

1% ]

ol &d(sphalerite),
%‘f%“ {chalcopyrite
3t eSS

o vlste] H|Fo] &

Hlgo

*-194 A 2] o
;u«lg].“z oll;
_,4 J—LM_,] A{a:\ 2

e N

T3S e, debd oY U3 3es

o] oir,}

N ok nR §2 g

ol

b 2t B2 vEIolE olga] g 2

:4omnAnrioL
~1>r_>11:;_§2m£fn
o M 1o

>~

b

% EEU*—J

Bl

=)

I SR Il 2
e o 43
Sl A7

S5 oo
4492) 243)

o
9 4 )

=]
w

T2 Musis FE Alszie] Hajzkgjol
A A0S 48] sp] Yl v B &

THE HEUET PEREE BN UE
%5 Ueolof skt olefat AL T
(liberation)g}al 3t} wheba ddlEe] 232
2 2g BM AlgEEd AEE s
gt MAzxFolct, 19 49 o] dAEEs}
A3 = U= Hal YAKfree particle) 2 &
#oha, AEe7F @) =7 13 YAk o
e 9)xHlocked particle)® T3t} wjEd]
PR HErE -rrg*’é}g—J Aeg 9 &2
o=t S0 QleuR ZigA v|EdE
sloy Bl ozle] 42 Zulaz)e Aol niER
sjch, et olEAEb = EHrt AdSE
7] wiRo] HAGE aejst AEct el W
ofj 4] Eafsiorgt gt

ARt od T4 FAS) gl A &9
& FEY JAEE AA BEMsto] olF f&
PR dAEEE MFCEA o]EY F
FEE wols Ao] HAolr}
zr:ﬁ‘fé* Eﬂ(ﬁo 12l 731117‘4% —?33'5}7] s

%

T8 2 oo
o

&

EF

:

ﬁ!!ﬁ! it

ol

Gaudin®] A% Auo] uh2el A Lol A
A Sol Y BB A%, 1 WL A 4
g gdat Az o Belaslr] deas 4
95l A1 Baolots), el wol gl Gle
BEE A ol e B2 Y e

2, o] 5ol G B2E YA A 5 o
& AEud el # o v
32 34 & 50 sl 420l 9% 33

ol 0 Slt BHWT 2 5 e e
P e



o
rio

3

o

Producis of comminution

Ore fragment
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0,25 0 0 0 0 0 0 56,0 95.5

0.5 0 0 0 0 0 44 0 86.0 98.6

1.0 0 0 0 0 50.0 80,0 . 95,0 99.5

2.0 12,5 12,5 31,3 53.1 80,0 92,0 97.9 99.8

4.0 42.2 42,2 63.3 78.6 91,2 96.6 99.1 100,0

8.0 66.9 66.9 81.3 89.9 95,9 98.5 99.6 100.0 -
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Major sulphide
Ore type Forms of gold minerals possibly Problem minerals
yp possibly present present and possibly possibly present
host for gold
Unconsolidated placers . .
(alluvial and eluvial) Native Nil Clays
Oxidized and . .
weathered(usually Natwg; Nil gﬁophyllhte
near—surface) coate er clays
Native Pyrite
Gold—pyrite Invisible Arsenopyrite Gold—free pyrite
Other Pyrrhotite
Native Pyrite
Gold-telluride—pyrite Invisible Arsenopyrite Gold—free pyrite
Other Pyrrhotite
Chalcopyrite
Single base metal Native Bornite Gold—free pyrite
ulE de(Cu. Sb. BY) Invisible Stibnite and/or
» Other Bismuthinite gold—containing pyrite
Pyrite
. Chalcopyrite
Polymetallic sulfide Eiztils‘,,iile Galena Gold—containing
(Cu—Pb—Zn—pyrite) Other Sphalerite pyrite
Pyrite
Oxidized base metal Native Nil gggssocolla
(Cu, Pb) coated Jarosites
Native Pyrite
Uranium—gold Uraniferous Ar . Carbonaceous matter
kerogen senopyrite
Native
Carbonaceous Carbon—gold Pyrite Carbonaceous matter
associations

Ae 2ol dmr 2 9 vt FUAE 257h 60ToldoR Kol ¥ BB
BAd) o) AIHOR B3t & o AFY  HRE B ERE)] vje] 2eu v 23
Aml 20~200mme) Geolct 20imoldte] Yz b PbErh 28 2Fo] WAg AVle AR
L oWl FED 3 BREY| gio] & FEe|  HR 2F 25Toldor fAAFA HAlsfor ot
sl el 71—5\_/\]7]131 200umo|AYe] &+ A}

L B} o o} mME QabEc B B MR AR

i ZpA|7E o] dasky| glge] FAlaso]

A

ZESSIE) e d&Hes Ak S0 o
2ol A2 PNl ARG A 23
2= ste Zlo] % %ﬁﬁ}ﬂ} o3 FEAE A
wfolle wiAlgt FA 9 Fuls Aok AR

228 5007 Al

|9 sgone) AHxr) 7+ zEA 2 2AE Jg-
axjo] Fof 852 B F9

il
Fapddch aefu o] Fuh e &

i) _l_t..



.
[=]

ro
0

Afolle AFAIES o BA 3§
o Zojopt st} ojuff o] 5
2 30~40%2 A3}

A A

-
2

al
e

o rir

g
L
t‘

Ho ddo|| glo] a3t 3jakHel o
MeFe) FR(EA, 71ZA), %}*éxﬂ, AA
AN} pHoleh, o) Hawt

W pH WelolA oigstm, M%
FAaes SUAZIAL, ol AHsi,
g THAGSN] FY ARS PN
Arjere) Aol Fsia gint. pH

Tl

09;
rlo
-z

=
gy
L0 oy

e ol R
=)

4>
Py

r]r
e

14
N

r‘(‘
of of

17

W <
>

4

X
ofd

£=A|(Collector)

&g Adge
2}e30) A 071%01] LYy
s 9@ 2o 7| ZA e
e 4= ook ey g9 4
7} $eliMe xanthated] T2 ZHAE £
o ARgict olnf Fof Hpgd
of ol B4} Ho] Zokx|l ferric iond] 9
Aglo] wobAc} Het ofol2 ARl ofglR
o EPAE 3 Ypdhed A1dHoR ASH
o9tk 22 3kesr IAHML alkoxy =

= 1
phenoxy carbonyl alkyl thionocarbamates %

sulphide ion

thioureas, dialkyl T+ diaryl monothiophos—

ol

phates 2! monothiophosphinates, glyoxalidine

gl maalo] o) Rl

¢} aminotheophenols

o] A= AR YA
Gold telluridew 7|ZARO R AWHo] 75
stk 3 Z4AIE A B9 51 ol

o9 thE FepdERE s FaEh

A
Ay

9

>

2=

Aurostibite®] F-g-Adol Tt AFATE= 7

o] Tt Z]otA(stibnite)} H]gF F-GAd
EAQE Zr=rty B Qo) Stibnites fA B
517 ool olzel Aas olrl S

LR *l~9~°l Bastch WA glol
B3 4 9 AE o, 2 ASes
el Aol o + 12 AV F49) pH

oMTE FREe Al deA
Kerogen 3-9-dhs RIS g o] 3t
o] 300g/toleliL —‘T‘—% d of sl 30%7
£ 35T 4 oleh 39 A48E ko)) 919
A BAARE kerosene i—r;q]% AFSFTH= B
37}k 9lek, Fuel oilo] 7]3ER|2} f:a 7
:13’—1'/\‘]LH_Q] E]—_/D_,Hl:lo]
welckn el 9l
FHAe Ewio] AR 1 2548
dHA Sty TYo® =Sk
ol A= thiold] Z5AI7L 71 Wo) AL
£ thiol A Z4Al= °F pH 48004
g7} £X|9k o] pHO|A= xanthate?} &
7] wige] =2 de] gHe] pHolA
7P SA AREETE T3 A0 RAloh=
mercaptobenzothlazoles% dithiosphosph —ate
A Z5A7) gl AHgET rk

]XJ/H O E]—ﬂkh,]. uH o] H]—U]—

=

=
7} H
A
2]

=

{0 d
1
2o

2

.—E‘_h];
ta

r_e Jo ot 1o

o_>£', f-
OI4

H O

‘r*rr‘/‘%_ﬂ

E
=

;_Qr
.—V#

oX
tlo :|o

N
oo

2
A
o
2
o,

L
i)
o
fr e
B (ul
nd

i o y

>
O

AL
=
t

oo
4

T e

<l

4>
2L
(it

N
2
nE
=<>=
J >
| o
‘l
O

SiteOﬁ _—‘.5-1—7(1]
SAl A et iﬂla A}»Ro}oq ok} siteoﬂ
S2AIA -}%ﬁﬂq. AW 02 dithiophosphate
A ZAZE 2 BRAE0A 7 de| 2ol

prt



715X |(Frother)

)
&
10

A A oE Z|ZAe ZYEE 4
polyglycol—etherE 7]%& 3t 7|ZA|EC] 43
sojict, ¥ o] FAY] EAox= MIBCe
e ot 7| ZA7E AMEITH

AR Activators)

Ao A EE 24AE 7MY
LAHE FE 2| %

Tk, ATHN Fu1EY 5o

22 PRI

pHO| H3rg wo| Hh=d] Y] A AME A
2 ofol Fabo] dojdrt FAbpE|e] HHEo]
BAEA] 9= 27oA xanthate® H7IsHH
A L] gzshe FElol2e] ok ZUEHA|
gk FHAo gEShs fElY o2 Padict &

£ 7122 Al YR A7 dhEo

25| AM8s - Balrels uR AA A
7¥stA| =W Setle] F-pEfo] HWorAlal v

ol HristA =W xde
EE stibniteF EHAE Afolle SR
Ch= SHARHPLSO) 2 ZAARHP(NOs) 1= A%
gtod ARSI

AX|H((Depressant)

Guar gums, starch 718|311 carboxymetylcellu—

5 Fs)

lose®} 2 OAASE T HAEl B4,

e G BA BNSLE, W Sel, B,

AR WRY F44E AN Sla) ALes
a3 dAAE AR AggE 23

of gttt Sfifet ThmshA ARSSEIGE o free
gold®} &2 -3t FERET e AAAA T
o] &AL 2 4= 7] "ot 12 %
Ao BaAdoMs ZeAe dAAE A4
5] AMBSk= Zlo] e Fasich dE E9
guar gum®} mercaptobenzothiazole®} $HA A}
4317 & xanthate®} AMEFS w) Higo] =
Aaatg B30t 4% 7|ZAE Fdo] Bz
Hog Hrietd WAu 22 @429 FEo
ZAZRNA WA B8 Fo] JspgEo] H%
SR UA BaEth efd4Altannic acid)E
UAS AR 7t et anE Heldh &
At EEol Aol Ee=lol 912w downstream
bio—oxidation processoll4] A& A%t pHE
FAAIZI7] Qe dAsHoR AR Fdsforst
7] 2ol 3849 BAZE 2 lignin
sulphonate= T FEo| 94| BA3tE BQlc}
pH

HRAdol M pHY 2Fo] 71 SR8kt
ZH4 9] HEtf(zeta—potential) = pHO| 2
A= HstERTE FEHA FHY ARBPYE
whel A Eo] glolAiE AlskEzA] YA
4= Q7] wfof ol2fst HuollA AAESY F
4 ool whab Alebd9irt wEkE <= Qi o
2t pHE AUskA 283177 olgr] migd
EeAle pH O WHEke] RIS ke e AME-S)
= o] Bigsit,

x]

=
=
s

J3kgEe) 2400 9lo1A] pH skl w2 Eh
uhe Fasich Bh ghe BA%



Feed

Primary
Crushing

L
v v
I illi | |B i Milli I
v Rod Milling ait Milling
| Agglomerationl ¢ &

Thickening Gravity
J¢ \L Concentration

Secondary —
Crushing ('_Z
->

Heap

[
Heap ) 4’ - Pressure *
Neutrallzation I Roasting | Oxidation

¢ T T v
Feop

Cyanidation —i
A\ 4
Carbon-in- — Carbon-in- —
pulp pulp Cyanidation
pulp Carbon-in- ‘L Carbon-in-
7 pulp [co] pulp
s v
]
— Zinc Zinc J’
IElectrowmnmgl Precipitation Electrowinning Precipitation m

L | | ]
v

(Goib |

gl

Carbon-in-

ek
e WA UEE FA S AR A g A ZHL Aok S 98-S HolFEe
AT 5 A Tk FEAIE ARt B sjeRRol 3AEE 5ol Aot

= e E A G gl g ¢ dEE

Aol gebgEel AR 2 Mdhe dAR 2AEA Hd wiiy FHoM o5
bl Adeao o]l&E1 et SAHRAR] & SAES A HiE ALY



smelting 342 Y82 vIE }‘g_ﬂ
d3u 729 F97) ¥,
A o, F o8

ko3
e

bio—oxidation *gt 2l 9]
carbon~in-pulp ¥4 - cyanidation &4 —
electrowinning $42 A4 2EXHO 2 gmelting

ol 3 Bt

oxidation,

webA e W AR 349 Ade g
T2 TR d= ¥ FEstE 54, 281
AFEANA deEe BE 2 Fr 544
o2t Ay E ApdshE 4 9SS Bol £
A Qe

2 ¢

—L.

= 22 YutE o2 XHH native gold) HEZ
AREEIA]TE pyrite®} arsenopyrite I pyrrhotite

—4 we BelgR, Aol BE wilan
ABEe] THY Ael(Te), IEHE(SD),

o

*éaﬂ'a' Se) A&

b el Yoz oo 24
gk et T2 BRH0R Sgwl] Ha
ARl 2 Ao B Esd B4
Astel I FBY AlhE AU 2ol o
Fasi opbste B B2

Bl

4\..‘§ ] 9] 7‘?}0% A

AA=7) ook,

5] o%i'?‘&] 7 o-éé‘é‘
% S7re] Hajzigjojrt
Héﬂ/#" ule] F4] Lof %“’E Trﬁi”f
52 ZIhA ERY QAR Yook
‘¥~Eﬂ }EJHP 2ls qzﬂfal(hberatlonﬁb-

olgle PR e F2 o B4E

oI

2 opek 7

A el e 2
AR Aol Al

ITOIE Lol A ol
Ea&“‘r‘“‘

L

H.a%ow sk, % 9 znm
Q

aES SN, ol Agsk,

Aok Sl

prasls i7](bubble

.

IHOW 4 Z*xﬂ*lﬂ CJ% 22 g 29l
ol 9eir] e W=ttt mEb BEaadEo)
FEE vl AR AL wEste] AYEHE
AASl= Ao] viRIE Aog wohEL
153
Pe 2] (2009) 3 HEg & sk 9 A



=. t

ro
ok

THE HEGS SEE T M) 7
S/ TEAEALATH AFEIA,
GP2009-003-2009(1),

e, B4 (2003) FH=ro] gg4k ¢

. TRAEARATY A ILA

Ve (1979) FEA 233 SteETAL

BHERT (1966) TFEHY EHEE o7
i gt

O'connor, C.T., and DUNNE, R C. (1994) The
flotation of gold bearing ores — A review,
Minerals Engineering, 7, 839-849,

A}

o

[¢]

)
~

9

A

(&)

s

C.T., R.C. (1994)
The flotation of gold bearing ores — A
review, Minerals Engineering, 7, 839—849,

Sen, S., Seyrankaya, A., and Cilingir, Y.
(2005) Coal—oil assisted flotation for the
gold recovery, Minerals Engineering,
18, 1086-1092,

Torres, V.M., Chaves AP, and Meech,
J.H, (1999) Process Design for golds: A
diagnostic approach, Min erals En—
gineering, 12, 245-254,

O'connor, and Dunne,



