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Fig. 1 Geotectonic location map(a) and Regional geological map(b) of Liba gold deposit (modified from Ref. [11])
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Fig. 2 Geological map of Liba gold deposit(modified from Ref. [20]): 1—Sericite chlorite slate with meta-quartzose sandstone;

2—Silty slate, quartz fine sand with siltstone and meta-quartzose sandstone; 3—Meta—quartzose sandstone and sericite chlorite slate;
4—Quaternary deposits; 5S—Fault structure zone; 6—Granite porphyry vein; 7—Diorite dyke; 8—Lamprophyre vein; 9—Gold
orebody; 10—Gold orebody number; 11—Sampling location
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Fig. 3 Ore types and microphotographs in Liba gold deposit: (a) Disseminated pyrite ore; (b) Beresite; (c) Veinlet disseminated
polymetallic sulfide ore; (d) Massive limonite ore; (¢) Euhedral and semi-euhedral crystalline pyrite(—); (f) Metasomatism of
replacing pyrite with sphalerite(—); (g) Metasomatism of replacing arsenopyrite with galena(—); (h) Sphalerite-chalcopytirte
exsolution texture(—); (i) Crushed structure(—); Py—Pyrite; Apy—Arsenopyrite; Sp—Sphalerite; Gn—Galena; Cpy—Chalcopyrite;

Qtz—Quartz; Ser—Sericite
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Fig. 4 Graphs showing typical geological phenomena in Liba gold deposit: (a) Quartz gobbet in sericite slate; (b) Disseminated
pyrite in sericite slate; (c) Sericite chlorite slate; (d) Compositions of spot in spot-like slate containing quartz, sericite, calcite and
pyrite(—); (e) Pyrite and sericite vein cutting pyrite vein (—); (f) Pyrite and sericite vein cutting pyrite vein, cut by vein with

polymetallic sulfides; Py—Pyrite; Qtz—Quartz; Ser—Sericite; Cal—Calcite
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Table 1 Simplified paragenetic sequence of minerals from Liba gold deposit

Hydrothermal stage Exogenous

Polymetallic stage
sufides phase

Mineral
Pyrite phase Beresite phase

Quartz
Chlorite

Sericite

Calcite = e
Arsenopyrite

Pyrite
Molybdenite E—
Sphalerite
Copper

Galena

Limonite

Note: mmmm—Abundant Local Trace
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Fig. 5 Energy spectrum analysis of inclusions in pyrite in Liba gold deposit: (a) Pyrite of pyrite stage(BSE); (a") EDS spectrogram
of pyrite from pyrite stage; (b) Pyrite of polymetallic sulfide stage( - ); (b") EDS spectrogram of pyrite from polymetallic sulfide
stage; (c) Pyrite of polymetallic sulfide stage( - ); (c¢') EDS spectrogram of pyrite from polymetallic sulfide stage; Py—Pyrite;
Mo—Molybdenite; Sp—Sphalerite; Gn—Galena
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Table 2 Sample types and localities

DO019-1. D048-2)HAT Ml T #REH s 70 HT (W3 2)
R LN 7N o T 4 B A S NS o SRRl ) 2 U1
55 e AN 558 M 000 2850 7 5 . S B L R A 0 B 8
5= e e MNRAXES N HE: EPMA-1720H B4HL 1%
FEOMITA RS e 4 A I s 0 15 kv, H
THHA 10 nA, HFRHEK/NA Mine RIEJEN
ZAF FZIE, KllBR A 0.01%. FREERRRE Y, 1
FUHE AT AT A B RN 15 kV, RN 20
nA, HWFRBEA/NA Min. JPRE5EINE 3. 4 715,

Samples Lithogy Classification Sampling location
D009-1 Pyrite—arsenopyrite—bearing quartz vein Quartz—pyrite ore 26" ore body
D009-7 Pyrite— bearing quartz vein Quartz—pyrite ore 26" ore body
D049-1 Pyrite—arsenopyrite—bearing quartz vein Quartz—pyrite ore 6" ore body
DO15-1 Pyrite—sericite—quartz rock Quartz—sericite—pyrite ore 6" ore body
DO18-1 Disseminated pyrite—bearing structural breccia Quartz—sericite—pyrite ore 6" ore body
D009-8 Pyrite—sphalerite—bearing quartz vein Quartz—polymetallic sulfide ore 26" ore body
D019-1 Pyrite—galena—bearing quartz vein Quartz—polymetallic sulfide ore 6" ore body
D044-1 Pyrite—chalcopyriter—galena—bearing quartz mass Quartz—polymetallic sulfide ore 26" ore body
D048-2 Pyrite—sphalerite—galena—bearing quartz mass Quartz—polymetallic sulfide ore 6" ore body
F3 USRS BN T 5 70 = A T Z AL R
Table 3 Composition of major and trace element of pyrite in Liba gold deposit
Stages Test points - foul Do vf(?l?/
As Fe S Co Ni Se Te Au content/% JFe  JS W(Ni)
Datal 032 46.14 5254  0.10 0.08 0 0.02 0 99.19  -0.77 —-1.70 1.25
Data2  0.30 4641 5273  0.03 0.01 0 0.01 0 99.48 -0.30 —1.35 3.00
Data3 041 46.13 5269 0.12 0.10 0 0 0 99.45  -0.90 —1.42 1.20
Data4  0.30 46.56 52.69  0.02 0 0 0.02 0 99.61 0.02 -1.42 -
Data5 047 4576 5234  0.05 0.05 0 0 0 98.67 —1.70 —2.08 1.00
Pyrite  Data6 046  46.38  52.51 0.05 0.01 0 0.03  0.08 99.51 -0.37 -1.76 5.00
stage Data7 0.31 46.20 52.34 0.05 0 0 0 0.03 98.94 —-0.75 —-2.08 -
Data8 0.35  45.74 5247 0.06 0 0 0 0 98.61 —1.74 —-1.83 -
Data9 0.15 4576  52.68 0.08 0 0 0 0 98.66 —1.70 —1.44 -
Datal0 027 4549 5242  0.11 0 0 0 0 98.28 -2.10 -1.93 -
Datall 020 46.44 5376  0.05 0 0 0.01 0 100.61 -0.24 0.58 -
Datal2 022 4589 5252  0.13 0 0 0 0 99.04 -142 -1.74 -
Datal 0.68 46.10 5222  0.09 0 0 0 0.05 99.14  -0.97 -2.30 -
Beresite Data2  0.56 4547 5235  0.13 0.04 0 0.03  0.09 98.65 —2.32 -2.06 3.25
stage  Data3 087 4549 5274  0.06 0.03 0 0 0 9920 -2.28 —-1.33 2.00
Data4 042 4455 5237  0.06 0.03 0 0.02  0.06 9749 —4.30 —2.02 2.00
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23k 3 Continued from Table 3
Data5 0.23 4544  52.67 0.07 0.06 0.01 0.02 0.09 98.67 —2.38 —1.46 1.17
Data6 0.56 46.35 53.23 0.04 0 0 0.03 0 100.22 -0.43 —0.41 -
Data7 0.34 45.76  52.98 0 0 0 0 0 99.08 —1.70 —0.88 -
Data8 0.33 46.40 52.96 0.08 0.01 0 0 0 99.79  —0.32 —-0.92 -
Beresite Data9 0.59 4580  52.50 0.09 0.07 0 0 0.02 99.07 —1.61 —1.78 1.29
stage  Datal0 037 4549 52.63 0.06 0.08 0 0 0 98.62 —2.28 —1.53 0.75
Datall 0.40 46.46 53.36 0.09 0.05 0 0 0.06 100.41 —-0.19 —0.17 1.80
Datal2 037 46.82 53.34 0.12 0.03 0 0 0.10 100.78  0.58 —0.21 4.00
Datal3 039  46.13  53.58 0.08 0.08 0 0 0 100.26 —0.90 0.24 1.00
Datal4 034 46.47 53.71 0.04 0 0 0 0.08 100.64 -0.17 0.49 -
Datal 0.30  46.00 52.81 0.07 0.05 0 0 0 99.23  —1.18 -1.20 1.40
Data2 0.22 4581 52.16 0.08 0 0 0 0.05 98.32 —1.59 —241 -
Data3 0.26 4597 51.85 0.05 0.04 0 0.02 0.05 98.25 —1.25 -2.99 1.25
Data4 0.22  46.64 52.75 0.07 0 0 0 0 99.68 0.19 -1.31 -
Polymet Data5 0.76 45.64  52.05 0.04 0.26 0 0 0.03 98.78 —1.95 —2.62 0.15
—allic  Data6 0.32 45.55 52.49 0.04 0 0 0.07 0.03 98.47 —2.15 —1.80 -
sulfidle Data7 0.29 45.70  52.50 0.03 0.03 0 0.05 0.02 98.62 —1.83 —1.78 1.00
stage Data8 0.18 4542 5243 0.08 0.04 0 0 0 98.15 243 —1.91 2.00
Data9 0.44 4480 51.40 0.09 0.02 0 0 0.03 96.78 —3.76 —3.84 4.50
Datal0  0.19 4559  52.77 0.04 0 0 0 0.01 98.60 —2.06 —1.27 -
Datall 0.50 4548 52.38 0.07 0.05 0 0.02 0 98.51 —2.30 -2.00 1.40
Datal2  0.41 4525  52.50 0.04 0 0 0 0 98.19 —2.79 -1.78 -

Test unit: EPMA laboratory, Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geologicao Environment Monitor

(Central South University), Ministry of Education. (Number “0” mean that content of element is less than 0.01%;
OFe=[w(Fe) X 100—46.67]/46.67 X 100%; 0S=[w(S) X 100—53.33]/53.33 X 100%)

F4 USRS TR ICR MR TR AR

Table 4 Composition of major and trace element of arsenopyrite in Liba gold deposit

Test w/% Total Test w/% Total
Stage Stage
points As Au Fe Co S content/% points As Au Fe Co S content/%
Datal 4388 0 3483 0.15 21.76 100.79 Datal 4244 0 3577 0.06 22.53 100.78
Data2 4533 0 3427 0.10 2072 100.46 Data2 4228 0 3593 005 2247 100.75
Data3 4690 0 3431 0.19 2044 10149 Data3 4249 0 3597 0.08 22.65 101.18
Datad 4562 0 3419 0.18 2051 10052 Datad 4219 0 3516 0.04 2233 99.73
Beresite Data5 4630 0 3402 028 20.64 101.3 POlyI.net' Data5 4240 0.01 3568 0.01 22.34 100.45
phase  Data6 4434 0 3398 043 2131 100.36 ;::e Data6 4268 0 3517 0.03 2237 10024
Data7 4622 0 3449 0.7 20.10 100.99 Data7 43.12 0.03 3529 0.09 21.63 10034
Data8 4499 0 3440 026 21.17 100.82 Data8 43.12 0.09 3431 0.04 21.93 99.62
Data9 44.76 0.04 33.99 0.11 2098 99.88 Data9 43.81 0.12 3567 0.01 20.53 100.13
Datal0 4490 0 3449 0.1 21.35 100.84

Test unit: EPMA laboratory, Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geologicao Environment Monitor

(Central South University), Ministry of Education (Number “0” mean that content of element is less than 0.01%).
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Table 5 Composition of major and trace element of sphalerite in Liba gold deposit
Stages Test points e Total I;/([)(I)lltee:tl/l ;Z
S Mn Ge Cd Fe Se In zn  Au ot FeS
Datal 32.03 0.08 003 216 1084 0.04 0.02 5430 0 99.50 18.81
Data2 32.54  0.06 0 208 11.52 0 0 54.01 0 100.21 19.83
Data3 3222 0.13 001 212 11.53 0.01 0.01 5237 0 98.39 20.35
Data4 32.01  0.09 0 2.02 11.81 0 0 52.33 0 98.26 20.76
Data$ 3194 0.19 0.03 218 12.20 0 0 52.31 0 98.85 21.30
Data6 3221 029 001 222 1288 0 0.07 51.24 0 98.92 22.59
Data?7 3207 035 0.01 213 13.10 0.02 0.06 51.0 0 98.7 22.97
Data8 3194 037 0 2.09 12.61 0 0 51.14 0 98.15 22.25
Data9 3199 0.07 002 192 1132 0.02 0 53.43 0 98.76 19.74
Datal0  32.18 0.13 0 1.98 11.98 0 0 52.89 0 99.15 20.82
Datall 3221 0.15 0.01 2.08 12.23 0 0.02 5245 0 99.13 21.30
Datal2 326  0.13 0 2.07 11.86 0 0.02 52.84 0 99.52 20.67
Polymetallic Datal3 3256 0.11 0 205 11.77 0 0 52.95 0 99.44 20.51
phase Datal4 3236 0.13 0.03 2.11 11.76 0 0.02  53.17 0 99.58 20.43
Datal5 3292 0.09 0 2.00 11.39 0 0 533 0 100.13 19.87
Datal6  32.83 0.38 0 2.10  13.06 0 0 51.46 0 99.83 22.75
Datal7 3274 034 0.02 2.02 1292 0 0.05 5236 0 100.45 22.26
Datal8 32.74 023 0.03 2.05 12.59 0 0.01  51.63 0 99.28 22.06
Datal9  32.63 0.10 0 206 11.74 0 0 53.08 0 99.61 20.43
Data20  33.00 0.11 0 207 1143 0 0 51.71 0 98.33 20.42
Data21  32.62 027 0.02 194 1243 0 0.03 5145 0 98.79 21.90
Data22  32.65 0.30 0 201 1233 0 0 51.08 0 98.37 21.89
Data23  32.66 0.07 0 191 11.69 0 0 53.72 0 100.04 20.16
Data24  32.86 0.10 0 1.94 11.83 0 0 53.20 0 99.94 20.52
Data25 3292 0.15 0 1.94 1222 0 0 52.28 0 99.51 21.34

Test unit: EPMA laboratory, Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geologicao Environment Monitor

(Central South University), Ministry of Education (Number “0” mean that content of element is less than 0.01%;

FeS=[w(Fe)/A(Fe)]/[w(Fe)/A(Fe)+w(Zn)/A(Zn)]).

4 MIXLER

4.1 BEHRET UERSFIE

P FEITERMEIR T EAN Fe: 46.67%; S:
53.33%, w(Fe)w(S)LLIE A 0.875. 4k, dFe fl 5S &
BT DL RARZR B FE AP s R Fe A S i 25 2R 10
EIIFESE, OFe A1 6S [AVELNTHH 7 A O™ w450,
HHEE 3 A%, BRI BL. R ICE BRI 2 48

WA Bt A= I PR B R w(Fe)/w(S) LB 73]
4 0.86~0.88; 0.85~0.88; 0.86~0.89.0Fe A—1.74~ 0.02;
—4.30~0.58; —3.76~0.19; 0S H—2.08~—1.35; —2.30~
0.84; —3.84~120. WJLAHH, MEEn HrEd 24
JEBALYIIN B, BT w(S)/w(Fe)LL{E  oFe {H % dS
R AR — R

4.2 FWLERTIFE
M 4 P LUEH, SIS RSN I B i
i As. S. Fe. Co FIEEDINA 43.88%~46.90%-
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20.10%~21.76% 33.98%~34.83%. 0.10%~0.43%; ~F*
BIE 7390 45.32%. 20.90%. 34.30%. 0.20%. %4
B BERE S As. S. Fe. Co MIE &N
42.19%~43.81% 20.53%~22.65%+ 34.31%~35.97%-
0.01%~0.09%; ~F¥JME 735l A 42.73% .+ 22.09% «
35.44%. 0.05%. 74b, FWWNIEEAHRD R Au.
A0, ZEMUEHT IR RERD T Asy S IR G R,
MBN B B 2 S B B, b b As Al Co
TLEGEEFIG, S AutHESET .

43 A LERDHFIE

& 5 v, S IRINENH Zn S84
51.00%~54.3%, T34 5247%; S HE N 31.94%~
32.92%, “F¥J 32.46%; Fe &8N 10.84%~13.10%,
) 12.06%; Cd &8N 1.91%~2.22%, “F1J 2.05%.
SR L, BT Zn S EIARIBE Fe F1 Cd 15 &
3G, HO AR ST B B R R I
PEWT AT 0BG Fe M1 Cd IBOIA ), 4878 Fe Fl
Cd 2 AR [ G B R A T INBE P . 54b, N
Wil SRR Mn, Ge. Se. In &R ICE.

5 it

51 R RE

RGN AHE BB R I, SN B BRI
D ol s g R R TSN EIACIE A S DI AVAYNE N TANE 4
&R B g LR 2 1 T b A g
Rr, SR SRS R R AR AR SR 7R SR B B
Z & JEBAYIMT BOS T 1 Y B B AR R,
BT

AN, WK IR R B T R e R T
S L LCAE RN ) T i ) AL 2 IR B AT —
RFR7RVEH o e 8- (1) w(Co)/w(Ni) EL B 32 it B 1)
SN, R, SR w(Co)/w(Ni) EL{E K>,
AN PRI B TR IR 45 IR (LR 3) 2o,
H B0 B B2 2 & SR ALY BT w(Co)/w(Ni)
ELAE 20 K 1~5CF) 2.29); 0.75~4.00C°F¥ 1.95);
0.15~4.50(°F3 1.67), ZmEm—KIARLER, KK
BRAT T G B R A A = K, X5 BN IR R4,
R

UbAh, WEFCR I N 5 Bk 3L A N, mT A
FANEED A FeS 43 SR Al S0 et B e B>, Tt

THEAF UG IR INEED H FeS 20 T4k 18.81%~
22.97%, 11 BUNEEH" FeS 4> TN 18.81%~22.97%.
I 6 AT LA HY, 2RI IR BT 14 A RVE AN
WALE b, KRN 260~282 °C, RN AN EER
(1) B Y e i 2,

BT, YOG IR BT i i
WAEIAEE, X 5 kAR i S0 o B %A R A
M) — B 4R 7 Y BT il PRGN R A —
.

: O Polymetallic
© 300t ' sufide stage
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Fig. 6 Relationship between FeS in sphalerite and formation

temperature(modified from Ref. [24])

52 SHRERS

PG A TIREF RS SR (AR 3.4 F1 5),
TORRAT B BORE S TR BT R AT AL 12 A, 2 AR
Kl 4s, &4%N 16.7%; B TAM BFE S
BT AT 15 Ak, 9 AN 4, AR
h 60%:; 2 4 BB AL P BORE S T s BT s B 3t 12
A, TSR A, HeEN 58.33%. kA
T I BON 2 42 SR ALY B i b £ 42 %6.(44.44%) 151
TR BE(10%) o 2RI IR NN A5 4, 1B
BT B T X NS, H kgt
B BOR 2 4 SR BRAL D B BEh B R4 1 RO Y
B, ek 0.12%.
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PRI A 38 W o A B, ARSI, S
W E SR RN A T R A AT AR R EE S PR B
A, WREAAAE I E R . S RGN A W
BT A R I AT W43 — sz, s 4 mT g A2 LAl
K 2 5 el AR . AR A (A 4 T o
WAE T3kl R dp b 227,
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Fig. 7 Relationship between Au and As contents of pyrites in
Liba gold deposit(modified from Ref. [26])
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8 UGN IRIERE FIRERD HUR &S c R e () BB BERE (BES): (a) FE M BB  Au T
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Fig. 8 BSE graphs and Au element mapping analysis of pyrite and arsenopyrite in Liba gold deposit: (a) Pyrite of pyrite stage
(BSE); (a") Graphs of Au element mapping analysis of pyrite from pyrite stage; (b) Pyrite of beresite stage (BSE); (b’) Graphs of Au
element mapping analysis of pyrite from beresite stage; (c) Pyrite of polymetallic sulfide stage (BSE); (c’) Graphs of Au element
mapping analysis of pyrite from polymetallic sulfides stage; (d) Arsenopyrite of pyrite stage (BSE); (d') Graphs of Au element
mapping analysis of arsenopyrite from pyrite stage; (¢) Arsenopyrite of polymetallic sulfide stage (BSE); (¢’) Graphs of Au element
mapping analysis of arsenopyrite from polymetallic sulfide stage; Py—Pyrite; Apy—Arsenopyrite; Au—Gold
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Fig. 9 Dicrimination diagrams of genesis of Liba gold deposit(modified from Refs. [21] and [37]): (a) dFe/0S—w(As) correlation

diagram of pyrite; (b) w(As)-w(Co)—w(Ni) triangular diagram of pyrite; (c) w(Co)—w(Ni) relationship diagram of pyrite; (d)

w(In)-w(Ge) relationship diagram of sphalerite
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Implication and component characteristics of
metal sulfides in Liba gold deposit, Gansu province

SHAO Yong-jun"2, XIE You-liang" >3, FENG Yu-zhou" %, ZHANG Yu"?, LIU Zhong-fa" %, JIANG Meng-tong"*

(1. Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geologicao Environment Monitor (Central

South University), Ministry of Education, Changsha 410083, China;

2. School of Geoscience and Infophysics, Central South University, Changsha 410083, China;
3. Hunan Huazhong Mining Co., Ltd., Changsha 410083, China)

Abstract: Based on the ore veins intercalation and minerals association, the mineralization in Liba gold deposit can be

divided into hydrothermal stage and exogenous stage. The hydrothermal stage consists of three phases, which are pyrite

phase, beresite phase, and polymetallic phase. Component analysis and Au distribution states analysis of metal sulfides

(pyrite, arsenopyrite, sphalerite) of three phases were carried out by means of electron probe microanalysis (EPMA). The

results show that the w(Co)/w(Ni) ratio(0.15—4.50) of pyrite and FeS molecular number(18.81%—-22.97%) in sphalerite

indicate that the Liba gold deposit forms in the medium-high temperature environment. The Au content, As-Au

relationship diagram and distribution analysis of Au element in metal sulfides indicate that pyrite and arsenopyrite are the

main gold-bearing minerals in Liba gold deposit, besides micro and sub-micro native gold inclusion are the dominant

occurrence in pyrite and arsenopyrite. Based on the geological characteristics and the component characteristic of metal

sulfides, Liba gold deposit is regarded as a medium-high temperature and medium-deep hydrothermal gold deposit which

is closely related to Zhongchuan instructive.

Key words: metal sulfides; component; EPMA; Liba gold deposit
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