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(1. T HRERERE SIRFHSH TR, MEE&BRr S5 5FHAERESLRE, T REVT
BRI R AN Z AR E A SEIe =, M 5106505 2. e WERBRMBAERAT, Wi B 364200)

W E: KRT W aHAA(MLA), 1284 (SEM). X HEATHXRD)F R T K4 LMy Nit
FaPANMTER. £, ROBRAERSUARpRAIRTHEEAG, ZREY, M Wi shEE
WE, A, RARE, 28R T hiR 0 TR T, W E L% R AG SR ILR R A
HEEWRAM, 5EGT EEd, ARF T 4R F 4, it iz H Cu69.70%, 3t B E 93.55%,
VoA TR Ak ks F kb B R AT, TTRA ARG BN, s, 269k e
KRR 57.19%F= 27.27%; #meb o ETHMR G ERY, KGR TES F. RADH
BAE, ZREMMEOETARLT F, WFT Fembs PG ZLERESHA 56.96%F=
26.71%.
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Study on occurrences of copper, gold and silver in Zijinshan Cu-Au deposit

LI Mei-rong', MENG Qing-bo' *, LIANG Dong-yun', SHEN Xian-de?, LI Bo', ZHANG Li-li!
(1. Institute of Resources Utilization and Rare Earth Development, Guangdong Academy of Sciences, State Key Laboratory of Rare
Metal Separation and Comprehensive Utilization, Guangdong Provincial Key Laboratory of Development & Comprehensive

Utilization of Mineral Resources, Guangzhou 510650, China; 2. Zijin Mining Group Co. Ltd., Shanghang 364200, Fujian, China)

Abstract: The occurrences of the valuable elements copper, gold and silver in Zijinshan Cu-Au deposit ore
and their trends in the separation process were studied by using MLA, SEM and XRD techniques. It was
shown that copper minerals mainly included chalcocite, covellite, enargite, etc., and that gold and silver
minerals existed as dissociate minerals and sulfide inclusions. Copper minerals were commonly filled along
dissolution holes or broken cracks of alunite, closely associated with pyrite. Separating copper minerals from
the original ore, the theoretical grade was Cu 69.70%, and the theoretical recovery rate was 93.55%.
Medium-grained gold embedded between grains or cracks of copper minerals and pyrite minerals, was
obtained from copper and sulfur concentrates, and the theoretical recovery rates of gold in copper and sulfur
concentrates were 57.19% and 27.27%, respectively. Fine gold particles were encapsulated in alunite and
quartz, and lost in tailings along with gangue. Silver was dominated by microscopic silver, and it was mostly
wrapped in sulfide minerals. The theoretical recovery rates of silver in copper and sulfur concentrates were
56.96% and 26.71%, respectively.
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PREJIX ST . B PRI HhBRAb SR DL 1
Sr T RHIE O KRG T, BA ) B YA
e e N 1K e L
SEERATBKAH  (R AR 25 6 2 [B) 40 A REAE
B FE UL A P S R A T T 014, K4
LA S RS2 KLUz, A A RRIE =2 IR 51
PRAURE K E B AR oy B, TR 4 F
A LA A T RREE,  HRET A A R IR 1 R -
i - BRI A . LSRR Ik
Hodt, WA, BRI, KOO B
WA . HOOTFA L. Boem by BRI
BRI G ARE A 3 A, A NI S AR
PRI, BRUAAE AT S T SR
LR, EEERE T i DL B
W SRR A A2 BIA T 4 4 Fhs 8,
I3 RS T B A . SR - I A BRI
JCTR BRBRA A AR BHAIAT o 45 A A s 428 il 3 3
WA PR, . J7EYET. NI AR
AR M AT AR T A A R4S
HEE AT ]

PERE W E 3R IR O A . & R
A Ll SR BH AT R A 4 B R i 5 A 5.45 I3 D
F) 316 MECFIIHLE AL Au 0.596 g/t), i BTk fE =
M 146 JiuEEEINE] 242 JiECFE B AL Cu
0.426%), FLH PR 7 T AT T — A U e 8
R FR R, MXNE, 0 A0 Y%K L5
J7 T IR FC v A sE 2 05), FEBUA AR T2,
FELIEEM . BRI R, &, s EE
A AT IR H BT, 3870 S R AE e Ik gk N\
RS, SRS EWERRAC. AR A &R
TRAFARAS S RGO, AECRUESR B Bt FRFR i
HIEE N, RAraeigmd. WM EE, smalm
BROIME, AR T H) S L — .

1 &SRB A

1.1 HEREE

R AFEMEE L4 a4y, B ER
WRRERE &, M FE PR B R A AR A
HIEOEF, HARRE S EmRE . YR 2T I3 40 (2 mm) 5
FHRA 4ir R sGR e i & H . Zn R
FEABFEE 22 0.074 mm LAF, ™4 B ShAS I FE i 2 -
0.2 mm, #f%3+0.1 mm, -0.1+0.04 mm, -0.04+0.02
mm, -0.02 mm L= IR R B, s

JHEMNFES T o SR BIRALEE 1. SR R A
B, E-0.04 mm K2 58 R R HR 4L
1.2 @A

WIS RN E SN RS T AR H
43 BT 340K F 26 B FELH 9 H 3143 HT{X MLA 650 %
416, 1% K41 BE4 FEI Quanta 650 944 H4% . Bruker
XFlash5010 GEEAX LA, MLA 34 3.1 FiA #4743
BT o TAEZA N, I B K 20 kV, TAEFE B 10 mm,
mAE AR, HEEE 6 s.

T A H TR A i o ) S SR TR SR 1
—HBA NI T, BRG]
BRI TESA F o FESIE B 5 3RS0, P
(197 B LT BUR (BSE) A JE A Bk T A [R5 X 4
AP JE 7 P50 A SR T P35 IR 7 1 08 = 1)
X3, P AERGR T BUN TS5, /£ BSE PR
BESEIREE, [ JRIR0OT, MLA Fillik &, A
R A Y b S EE KA AN SR ROk ik
ITEMEE, BHESKEHEREN GL(FeS)+20,
RESTRCRAR A 1 pum, REERTHA 50 ms, Sl &
SR A 100000 550, B A] 24 720 min.

X HFAT 5 (XRD)H Empyrean XRD X 5E ,
ISR CuKo B8 3K 0.15406 nm, $EHLE 45
kV, HEH 40 mA; 7 S HRE
£ 0.06%s; 20 EIEFf 5°, Z1E £ 90°, K 0.013°;
KRB 10, 232848 0.15 mm, B 1 BIUR PR 10,

By s RN R T A,
MIBC, fK, Bifbfh, &R, Ei HKEZERNA
FeoK, HHEA TN XFGC AL 7o SRR,
A ENL S AR o

2 ZREWR

2.1 FRELRMR

JEH £ AR AT R INGR 1 R . FE
FRHN EERA iR, RS WA, EE
TP R R 45 A R SK

&1 B2 a S RRED )

Tab.1 The chemical analysis results of ore (@)

Cu Au Ag Fe S As
047% 0.12g/t 4.0g/t 2.81% 4.74% 0.019%
Pb Zn Mo Ca0 MgO P
0.012% 0.008% 0.0006% 0.017% 0.016% 0.042%
K20 Na20O AlLO3 Si02
1.41% 0.055% 10.05% 73.28%
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JF ARG R R 2. B PRy YE 0T, BRI 93.55%, DU B AR AR T
AR B BRI DR ST BB 3.31%, Sy EUT A AR 2.58%,
PR A, St R M EENEN B RSN, AR P E A, BEREAN Cu 69.70%.

kA oA g, B s SE.
R 3 W ATHRKTEL IR

x2 BT WARER Tab.3 The balanced distribution of copper in the ore
Tab.2 The mineralogical composition results of ore 1% R HEA5/% Cu b iL/% Cu 73 FEH:/%
A%e  EBEW  EERT WK S BT 0630 69.70 93.55

PR MR 0346 0178 0.082 KM 0.005 56.22 0.56
WA T BN R B AR 5550 0.28 331

0.007 0.005 0.006 5.550 0.006 g 93312 0.013 2.58

HEE ORET RT RE iﬁ . o s
0.022 0.004 0.002 67.101 0.932

Moty v DV A A SRR AT XRD 4M47, R High

1.061 13.300 10.748 0.191 0.037 0422 Score Plus ?Mﬁlﬁﬁﬁ%ﬁ%%ﬂ]éﬁ@*%ﬂ%}}é, %}E?%%Iﬂ
FE0 S ZE A A R b, a5 R 1R
22 TARPHHRNBRERE B2, WL RS AR A
WRAE S0 0 AR BT YR, B B WS R REIE > Fr s 5 % A T n
M IC R A IC R 3. P EERAA TS 4 A 3 R

Pyrite 7.9%
Covellite 49.6%
Digenite 40.3%
Enargite  2.2%

|

I
Uil
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B 1 40 X SHERATETEIE  Fig.1 The XRD pattern of cooper concentrate

SO Cu@ AD  (a). WHFHIH (Digenite); (b). i (Covellite); (c). ihl4fH" (Enargite)
K2 Hy PREgEHREE  Fig.2 The crystal structure of copper minerals
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W (Ref.Code: 96-900-0118)FH i1k 241
% Cu720Sa00, NEHIEE R, FAEE Fm-3m, S
$Ba=b=c=0555nm, a=F=y=90° K fii5rE
HiR 5 Cu75.73%~79.79%, 1F{E/b& Ag. Fe fEN
KR FEIGIBADNE Cu FENGHE, S2hrit 8l
AN Cuio2s(AlsSinFesAgoss)o.001S1.050 IGEER T
WML, W I B K B aR i, BIR
P, 22 BEACIRECRR, 466 7R 2 AR |
FICIRBOREAR o] WASARLEHE) 1 SR 25 A AN 1 4k )
BEh MY, TR WS AR AT AT I A ) B e AR
(R B R R Fr, TR AT S R SE
RIEA.

41 5 (Ref.Code :  98-002-6968) F it 1t 2% 41 1%,
CueSe, N=T7fuHR, ZIEHE P63/mme, FHZE a
=5=0.379 nm, ¢=1.633157 nm, & =f=90°, y=120°.
WA RS Cu 66.53%~67.44%, {FAE/DE Ag.

Fe 1EARTA RIBAAE Cu BEAN %, 115
223 N Cuyoi(ALSisFer sAg03)0.001S00s0 G
Mg, REENFRECEOOME, B2 Ak
B, 2ERESCREE . EERR, &%
AR EARNROR, 7T IWAZARE Y, W5
SIS

BRI (Ref.Code: 96-900-7518)F i1k 24241
B CusAs:Ss, ARl R, TEEE: Pmn2;, i
# a=0.738 nm, 5=0.644 nm, ¢=0.618 nm, o ==y
=90°. H" A HERIHIE & Cu47.26%~48.59%, 1FH
FKIRFIZIEAY) Sb KB As, Fe ¥ Cu, b
N CusAs(SizsFer4Sbi2Snes)o.01Sse R FEE ™M
%, RIERIRM LK ABBIREL 6, 26
YRR, dRAEEME, EHCIREEEMRIE KRR,
AR AR, AT WAREEH, SEMET . i
A

(a). WM ST HCIR AR, ASACHR B4R R 352k (Digenite is filled in plate-shaped alunite, replacing enargite and pyrite); (b). WEFEARAH AR
BOIRBRARART,  384>1h 28 9 1 (Digenite replaces tabular enargite and corrods into covellite); (c). 45 783H T BIBLA (R MALIAY, I WA A
FHIH(Covellite is filled in the cracks and holes of alunite); (d). HCIR B il A i A T A T, RIBHE S 32 X (The self-shaped

enargite aggregates are embedded in alunite and partially replaced by chalcocite)

B 3 0 WEy A KBRS

Fig.3 The disseminated state of copper minerals in ore
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Tab.4 The chemical component (w) results of copper minerals by EDS 1%
) Cu S As Ag Fe Al Si
WA 77.98 21.49 / 0.04 0.21 0.07 0.20
W 66.82 32.85 / 0.03 0.09 0.05 0.17
RGN 48.05 32.15 18.93 0.38 / 0.20 / 0.19

HIPE 3 RO, B AR A AT DA R A T
e 1) IO VA A LR B R G B e 3R, AR
BB 2FEIILA AT A R R R A 3)
RT3k . SZTR AR AL ERIZ), 1)
WRATRL L P AT AN 5], FREE FTIE 1 mm,  fohE

(S10um) HEH A 13%L 4, B S U1EA,

2.3 T ATEHNRERES

WA SR TS IINE s s, Ghckse
DA &5 S AR A ) B S 1 AP e . DAE 41
TERAFAE 4R 29.49%, TRATF T RRAL SN # A 85 2k
WG 27.70%F0 27.27%, BTk S 4
N15.54% . WJEH o> SERED, SrEg R
IIHIN 57.19%, 2y BSR4 IR IR S 5
N 27.27%.

R 5 T ATERTES IR
Tab.5 The balanced distribution of gold in the ore

) EkA51/% Au T I/(glt) Au LR/ Y%

Ui 4 Tt / 29.49
TRALAE 0.630 5.28 27.70
JKHEAL 0.005 / /
P 5.550 0.59 27.27
ik A 93.312 0.02 15.54
FoAth 0.503 / /
&t 100 0.12 100.00

il @ NSy VAR SR - <o AL | = v 2
HAFAE, WORLIE 2 BN A RUUPR « FEBCIR AN X
WaE. BARERIMREAT, AP, W
S E R e DI 22 AR S R AN AT AR A

A PR RL AT 3 FHRATCRES: 1) ik
S5 HE DL DICRE 8] <5 MR B < 1A SR AT T R AR AT 4%
FRACHAR ), X80 b BE AR AL SR e 3t
NARER" s 2) Aok & LR IR e R e 54
B AR R, B DR g B e H T T
WA . e (B AR R 3) RER okl < ASR
B3 <0 BB 3 0 PR TR X WAL A R A S it b 4 B A8 3R

B DR F] 4 (1 72 3 70 2T A S A0 BRI R [R] B
X SR G AR R, # Bk T R
W, a4 Bs.

KH MLA &0 TS &M B, 78R
W0 A F RSB B R = 2L R I 4R 258 i,
HALZ R Re i 5 RNk 6. nTLUEH, %0
AR SRR EE R, DERSNE, WHRE
e HR&EFE., AN EHNKRKA, Au
80.87%~100.00%, Ag0%~19.13%, Cu0%~5.92%.

Sh A AU BT W SR FE B A I KT A A B 0 iR
WA RIS R AT RLE Geit, AR
RILEHRL 99 F, JEH B A R R ILEHRL 159 M, 458
W 7 fin. ATRAEH, RS0 e DLR e N
F(0.2 pm~0.2 mm)!19),  HAEH" A ) SRR A X A
FL, PAHORI 42 (38~74 wm) FIAIK 42 (10~38 um), Figk
ESERDHIN 21.05%F 75.44%. TR A d K
L) Gk AR 4 FVORL (<10 pm) Ry 32, Rigl
H R R4 38.44%F1 61.56%.

24 TAFRNBPRE

VAR TSR INE 8, AN IRBREE
DATA AN PR L A TR, DA AR I T sAZ TR 1
RN 22.99%, TRAT T BRACH AN S0 Hh iR 43
BN 33.97%A1 26.71%, 43 BT kA IR A
16.32%. MJEA 7 BRERREAT, AR A3 RS E 5y
BN 56.96%, 4r EHREN, ARIIEIREINCR 5N
26.71%.

KH MLA RSB LAAT R e,
R4 AR T DL AR B (AgaTe) F1 i 4 4R A
(AgAuTe) L AAFAE, D E MR (AgsSbS) FHEZAR
TRERE" (AgeS). DA N, 2 W2k 5
TR TSR P, W 5 R,
2.5 JTERBRFFREXES B R

1) FRZFIIERE 20 AR R AE BT IR
EEETWH A, WTMEES, DR
VISR AN Y, &L AERERNE. K
Uk, FEZGF IR b S RS AN R Rl A ) R i
B A I
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(a). HIREH RIS, £

R 6 SHLZERS(RESFREDTTER
Tab.6 The chemical component (w) results of gold by EDS /%

B AL AT
N

SR —,

det  mag O
m | BSE

£ XK (Branched single gold in copper concentrates); (b). 4 78 T W4 A4 (7] 44 B (The gold is filled in the gaps
between chalcocite particles); (c). SRIHKAN T HEA i, 5IRAF %A (Gold is embedded in the geode of pyrite, and associated with secondary

quartz); (d). 2K ERHRA T IG5 98 ok [ 4% B2 P (Multiple grains of gold are embedded in the gap between alunite and quartz)

B 4 SHTED A RRAARES
Fig.4 The disseminated state of gold in ore

R 8 A TRRITEL IR

Tab.8 The balanced distribution of silver in the ore

) Au Ag Cu ) LBl Ag bt Ag SYEEER/%
& 78.09 2191 0.00 TR iR (B / 22.99
Bk 94.86 4.92 0.22 AR ) 0.630 215.80 33.97
PIERTIR 0.005 / /
R T SRNEHRER A 5.550 19.26 26.71
Tab.7 The size distribution results of gold in samples 1% i 93.312 0.70 16.32
FLE%/um ARG R FiAth 0.503 / /
—80 +40 21.05 / &t 100 4.00 100
—40+20 52.63 6.76
—20+10 2281 31.68 R W MLEES (RESBOREITER
~1045 2.63 42.13 Tab.9 The chemical component (w) results of silver minerals by
~5+2 18.52 EDS 1%
—2+1 0.88 0.85 K] Ag Te Cu Au
-1 0.06 THART™ 61.29 37.62 1.09 /
&it 100.00 100.00 Tt R 41.46 33.32 / 25.22
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(b). HUREH s s S ET AR5 TR 8RB H (Petzite and chalcocite are concluded in goldfieldite in copper concentrates)

B 5 Ry WEY AP RRARES

2) EMZEE RN, SR AT R B AR A,
5 0.07 mm, FAAHEKE(-40 pm) A5 TN 79%, K
R G TR, LA R kAT T AL
FYR . WHFRIL, HORLERAT T E A s B
WKL) SRR, T B A R AR ) (RIS N
FER AT BLA MG Sl S AR ek, A5
BEW AR, RSB A EAR TR SRR

3) HRIZEA I IR o s B4, Big
i Cu 69.70%, HBFEIKE 94% 7/ 45, HF LA
TR R RN, IR B SRR 30%
BIAREA = i, B ATIE BRE A A A7 Cu 20% 25K
FEb, BRI ARG, MUK R, (ERLEE
WIS N IR AT SRAT B A M BRGSO
/DB, SR NS R S AL, ET
W ECR AR . 4, BT R
FE0, SFEEET 5 As 2.46%.

3 Zw

1) KE S0 PRA Ak B3 S IR i
IR, RIEFE S A E A R B AN TR, A S
WA . SJEN )2 WA s, AR
WO BEHAT. EHET. EEE S e B e
TR B ARG FIRRART . FE AR SR ik
VIR, WG, WO A %%,

2) MR R Yo SR A R
BEHAAT S, RN E WL, AT /3 A AN
51, W LS RABLAT Al FLIR B L GE R R I, S
PR YEA, B IR AT A R A
i%ﬁ%ﬁ@%?%%ﬁ*&ﬁﬁ*%ﬁﬁﬁ%,

WAAIZ) Cu 69.70%, FLIR[FICE 94% 4 47 .

Fig.5 The disseminated state of silver minerals in ore

3) &HRLLAHR G, TR RAT T8 A
BN R BB, T I A R R S [l S N
il BRREA, PRk S, 2 WEEE T
ARG, A BT RE, MmbEkaRT 2
e WNERES TR RIS, BB FEICR 57%, M3
BT g, BRAR R 27%, ARG
w, ART R EER R,

4) HREE IR AR SR Y I A
e, /SRR FEZRMERY, UEMEAE, £
DRk TSR T SRR A .
MR R 2y B RS FERAS R, RIS RN R 4y
AN 56.96%F1 26.71%.
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