%25 B3 9 W HTEHBRERFR 2015 4 9 f1
Volume 25 Number 9 The Chinese Journal of Nonferrous Metals Sep. 2015

XEHS: 1004-0609(2015)-09-2537-14

PR E EHE ST AR
61 RIRFFE R B 1EH

R, HuEF L AR, RS, REARD FAN R EXE A k7

(1. TR HERENE S QPR A G4 R TN G E s sk s, Kb 410083;
2. RERREST HRIEAR, RE 034403)

8 ZF. LERESH N T AT WE A -2 S m s b, R AR R i o, IR AE
RS TERKE BE(A) A DB B BEB) A PE-2 BRI BL(C)RUA TE—IRIR LM BE (D). B+ C. DY
BN Asrh R E 3 BEZEA. EPTHIEEERT B, KRHE-CO, BEAR(I R KL Cco, B4 &), B
Bk E 1RV, o TR R A, 8—REHE T 230~3501C, h/EHN 1.82%~12.63%; C Bk
g1 RaEE, TREANRGEAHSES, BH—REETT 200~330C, HAN 1.82%~9.71%; D 1%
R 1 Bk, B—HEERT 140~170 'C, HIEFH 1.16%~9.58%. WIERSMED &K= HE R CO, M
CO. Ny. Hp. CH,%%, WA 1%k Ca?'y Na'y K'. SO . CI'. Fo A58 5/ 68~114 MPa, XfM
(I ARIEIE A 200~430°C , Al S8 KA IR A 4.3km o B FE S0 B A4 R AR 6 5 L AR IEL . & CO, [ Ca®* (Na's
K-S0, (CI'\ F)-H,0-CO, A%, FIHEN i W PGB . BRI BTk A 3 LR, Ay 32 T et 42 il
(A AR R AR

KRR AR, BRSBTS KRR ALE AT

hEHES: P6ll.1 XEkRERD: A

Characteristics of fluid inclusions and mineralization of
Liyuan Gold Deposit in Lingqiu County, Shanxi Province, China

JU Pei-jiao', LAI Jian-qing', YANG Hong-ji’>, WANG Yue-jin’,
SONG Ji-jie?, LI Long-yi%, XU Xing-bao?, DONG Wen-guo?, YANG Bing’

(1. Key Laboratory of Metallogenic Prediction of Nonferrous Metals, Ministry of Education,
School of Geosciences and Info-Physics, Central South University, Changsha 410083, China;
2. Liyuan Gold Deposit Limited Liability Company, Lingqgiu 034403, China)

Abstract: Liyuan Gold Deposit is located at the Taihang Mountain tectonic-magma-polymetallic metallogenic belt. Ore
bodies mainly occur in the NNE-trending structural zone. The hydrothermal process can be divided into four stages,
namely, A stage (quartz vein stage), B stage (quartz-pyrite stage), C stage (quartz-polymetallic sulfide stage) and D
stage (quartz-carbonate stage). Three types of fluid inclusions are developed in B, C and D stages: aqueous inclusion
(type 1), COs-aqueous inclusion (type II) and pure CO, inclusion (type III). All three types of inclusions, mainly
type I inclusions present in stage B, with homogenization temperatures ranging in 230—350 C, and salinities ranging
from 1.82% to 12.63%. In addition to development of type [ inclusions, type Il and III inclusions increase
significantly in stage C, with homogenization temperatures ranging from 200 ‘C to 330 °C, salinities ranging in
1.82%-9.71%. Type [ inclusions relatively develop in stage D, with homogenization temperatures concentrating in
140—170 C, and salinities ranging from 1.16% to 9.58%. High density of CO, and CH,, H, and N, are found as gas
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compositions in the inclusions. Liquid phase of fluid is mainly composed of Ca®**, Na’, K*, SO,%, CI', F. The

calculated metallogenic pressures are in the range of 68—114 MPa, corresponding to capture temperature of 200-430 C,

and the maximum estimated mineralization depth is 4.3km. To sum up, the mineralization fluid of Liyuan Gold Deposit

may be late magmatic hydrothermal fluid, belongs to low salinity, medium-low temperature,CO,-rich Ca**(Na’,

K"H-S0,*(CI,, F)-H,0-CO, system. Liyuan Gold Deposit formed in intracontinental orogeny belongs to magmatic

hydrothermal altered rock type gold deposit controlled by fracture zone.

Key words: fluid inclusion; mineralization fluid; fluid inclusion composition; ore genesis; Liyuan Gold Deposit
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Fig. 1 Tectonic location and regional mineral distribution map of Liyuan Gold Deposit (modified from Refs. [§-9]): 1—Quaternary;

2—Changcheng series-Mesozoic; 3—Paleoproterozoic Hutuo group; 4—Late Archean Wutai group; 5—Late Archean Fuping group;

6—Archean Jining group; 7—Hutuo period potassic granite; 8—Wautai period potassic granite; 9—Wautai period sodium granite; 10—

Fuping period sodium granite; 11—Hengshan mixed rock; 12—Longquanguan ductile shear zone; 13—Hutuo period diabase dyke;

14—Fault; 15—Deposit
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Fig. 2 Geological map of Liyuan Gold Deposit: 1—Quaternary alluvium and diluvium; 2—Fuping Group banded gneisses and

amphibilite with strong migmatization; 3—Quartz porphyry; 4—Granite aplite; 5S—Diabase; 6—Coarse potassium graphic granite;

7—Fault; 8—Speculated fault; 9—Geological boundary
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Table 1 Sequential table of minerals’ generation of Liyuan gold deposit
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Fig. 3 Mineralization and alteration characteristics of different stages in Liyuan Gold Deposit (Py—pyrite; Ccp—chalcopyrite; Sp
—sphalerite; Gn—galena; Qtz—quartz): (a) Pure white dense block quartz vein, quartz vein stage; (b) Coarse-grained pyrite-quartz
vein, quartz-pyrite stage; (c) Pyrite-phyllic alteration, quartz-pyrite stage; (d) Pyrite faulted by quartz, quartz-polymetallic sulfide
stage; (e) Exsolution structure of chalcopyrite and sphalerite, quartz-polymetallic sulfide stage; (f) Quartz-sulfide stage galena
replaced pyrite particle along its margin; (g) Quartz-brass chalcopyrite vein faulted early silicification veinlet; (h) Iron dolomitization,

quartz-carbonate stage
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Table 2 Characteristics of microthermometric samples in Liyuan gold deposit
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Fig. 4 Microphotographs of fluid inclusions in Liyuan Gold Deposit (Aqg—Aqueous solution; V—Vapor; CI—CO, liquid; Cv—
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CO, vapor): (a) Type [ inclusion; (b) Type II inclusion; (c) Type III inclusion; (d) Type [ inclusion coexisting with types I

and [II inclusions
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Fig. 5 Histograms of homogenization temperature and salinities of fluid inclusions in different stages of Liyuan Gold Deposit: (a)
Quartz-pyrite stage homogenization temperatures; (b) Quartz-pyrite stage salinities; (c) Quartz-polymetallic sulfide stage
homogenization temperatures; (d) Quartz-polymetallic sulfide stage salinities; (e) Quartz-carbonate stage homogenization

temperatures; (f) Quartz-carbonate stage salinities
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Table 4 Microthermometric data of fluid inclusions in different stages of Liyuan Gold Deposit
Sample Size/ tm(cozy/ Imice)/ Em(elay/ the/ t/ Density/
Stage Type Number oJ%" Salinity/%
No. pm C C C C C (grem™)
I 14 2~12 10~40 -0.7~6.3 142~276  1.16~9.58 0.800~0.978
Ly-05 D
I 1 4 15 —58.6 27.6 0.665
I 13 3~11 10~40 —2.3~6.2 142~322  3.76~9.45 0.752~0.954
ITa 2 6~8 40~50 —59.7~-60.3 6.3~7.3  29.7~30.1 284~334  3.71~6.71 0.722~0.773
b0 i 1Ib 3 6~9 50~80 —58.7~-60.8 6.4~8.1 27.1~30.7 325~350(C) 5.15~6.88 0.839~0.840
I 2 5 35~40 —57.9~-58.1 24.6~26.4 0.689~0.718
I 13 5~12 15~25 -1.1~-53 178~275  1.82~8.24 0.768~0.947
Ly-22 C 1Ib 5 5~14 50~85 —58.1~—58.7 6.0~7.6  26.8~30.2 284~329(C) 4.62~7.38 0.652~0.854
I 2 8~11 20~50 —57.7~-58.9 28.1~28.6 0.642~0.654
I 11 5~13 10~60 —2.2~6.4 258~327  3.60~9.71 0.762~0.846
ITa 2 9~10 30~40 —59.3~-60.5 6.5~6.7 30.7~30.8(V) 280~308  6.20~6.54 0.747~0.810
by ¢ 1Ib 4 7~11 50~65 —58.4~—60.1 6.1~7.6  28.3~30.1 283~341(C) 4.62~7.21 0.732~0.843
I 3 5~8 20~80 —58.3~—58.6 24.7~217.7 0.663~0.716
I 13 5~12 10~25 —2.5~5.1 164~273  4.10~7.96 0.812~0.946
29.4
Ly-25 C ITa 3 10~23 30~50 —58.1~—58.5 7.2~8.3 269~282  3.33~5.33 0.667~0.845
30.2~30.7(V)
il 4 8~10 25~50 —58.6~—59.5 21.2~26.5 0.687~0.761
I 14 5~12 10~40 -2.5~-5.5 230~286  4.10~8.51 0.817~0.899
ITa 3 7~11 20~40 —58.2~—58.7 6.9~79 26.7~30.6  249~301 4.07~5.86 0.814~0.944
by-26 b 1Ib 2 7~9 50~55 —58.6~—59.1 7.5~7.6  29.5~29.7 297~303(C) 4.62~4.80 0.780~0.838
I 1 11 40 —58.6 28.8 0.637
I 11 6~12 15~25 —2.1~-5.5 201~253  3.44~8.51 0.838~0.932
Ly-29 C 1Ib 4 6~8 40~90 —59.6~—60.7 5.8~7.2  26.7~29.6 232~336(C) 5.33~7.70 0.702~0.86
il 5 6~10 20~60 —59.2~-59.9 19.9~27.4 0.67~0.775
I 15 4~12 10~35 -1.1~-5.9 166~289  1.82~9.05 0.787~0.959
Ly-30 B ITa 4 7~13 30~50 —58.4~-59.9 6.5~7.9 2877297 273~327  4.07~6.54 0.516~0.857
30.1~30.6(V)
1Ib 1 70 -59.3 7.3 30.6 323(C) 5.15 0.538
I 5 4~8 10~25 —-3.4~-53 184~248  5.47~8.24 0.88~0.944
ITa 13 3~8 10~50 —58.1~-59.7 6.9~8.2 29.1~30.7  265~311 3.52~5.86 0.672~0.983
byl ¢ 1Ib 1 7 50 —60.2 7.1 299 254(C) 5.51 0.838
I 1 4 90 —58.6 28.1 0.654
I 17 3~8 15~30 -3.9~6.7 175~278  6.23~10.23 0.839~0.954
b4z b ITa 3 3~5 30~50 —58.3~60.2 6.4~74 28.9~30.9  274~294 4.98~6.71 0.797~0.838
Ly-43 C I 20 2~6 10~50 -1.7~6.3 187~272  2.79~9.58  0.82~0.94
I 4 2~6 25~50 -2.3~-5.7 244~344  3.76~8.79  0.667~0.89
ITa 12 3~7 20~50 —57.9~-58.5 6.8~7.7 29.3~30.9  237~325 4.07~6.03 0.693~0.946
b7 ¢ 1Ib 2 3~5 80~90 —58.1~—58.2 6.9~7.1 29.8~29.9 292~329(C) 5.51~5.86 0.647~0.687
I 2 3~5 10~35 —58.1~-58.3 22.4~30.2 0.586~0.747
I 13 3~6 10~30 —4.4~-8.8 191~300 6.96~12.63 0.791~0.939
b3l i ITa 5 3~6 25~50 —58.2~-60.1 6.6~7.9 28.9~30.8 285~330  4.07~6.37 0.674~0.899

1) 20 C; o— I ZUASEARIN R T BER S AR EL TRNEOR CO M BB BAIRGH taco,y——SAMBIEAILIL s tee— VK

R 2 AL s oy — BB S YIR LT o — —SABR A — WL, ARWI(V)E— A, RBRIIE 2 — A o

B, ARIRWIE I — DK, ARU(C)F ) — M BT .
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Table 5 Vapor component analysis of fluid inclusions in Liyuan Gold Deposit
- —— MR/ (L-g ) WIRZH R
H, N, Cco CH,4 CO, H,O(g) CH4+CO+H,/CO,
Ly-05 e 0.516 0.415 1.176 0.037 27.50 1.611X10° 0.063
Ly-25 e 0.845 0.197 2.625 0.024 44.97 1.461X10° 0.078
Ly-29 e 0.355 0.275 0.217 0.053 11.90 1.223X10° 0.053
Ly-30 e 0.448 0.372 2.609 0.043 45.36 3.752 % 10* 0.068
Fo6 AN KGRI R 7o rdi i
Table 6 Anion and cation component analysis of fluid inclusions in Liyuan Gold Deposit
BY B - - - WE[}M/(“L%? ; o 2
F Cl NO; SO, Na K Mg Ca
Ly-05 VEES 0.422 8.035 0.123 87.68 5.73 3.856 4.941 25.22
Ly-25 VEES 0.185 7.443 0.355 80.34 10.61 15.920 7.261 34.41
Ly-29 VEES 0.135 7.209 - 21.74 7.22 1.487 2.468 11.57
Ly-30 A - 6.455 - 102.80 7.83 4.392 8.215 33.47

M R R IR TR R AN, R A
) FERA. SCiE: Au-S &ML iE T
REHGR, Au-Cl &Y Rase el e, 1
A VER R, Wk SO I AR S, K
N ClU, & EZELL Au-S WEWERAEAE Tk, K
H Au-CL G, UL EEAS Bl i R b TP FR
Bi, 5 BAONESE R 8. R4 ROEDDER(1971)!"
WS, AR n(Na")/n(KEE L n(Na)/n(Ca> +Mg*")
Lo o] b BT IR IR AR &, 2 n(Na')/n(K) <2,
n(Na")/n(Ca®*+Mg™")>4 i, Jy SRR S Hap i 24
n(Na"/n(K)=2~10, n(Na")/n(Ca®>+Mg*")=1.5~4 Itf,
A PTRB B R ARG :  n(Na')/n(K") > 10,
n(Na")/n(Ca®+Mg*")<1.5 i}, JHpKM, FLfd4h
IR 10 B Bt n(Na")/n(K)=0.67~4.86, n(Na")/n(Ca*'+
Mg*)=0.25~0.51, HULAIHEN, %0 KSR fiiAE £
PR o AR CL AR AR B VS A IR SR 2 4
I R=p(H,+CO+CH,)/n(CO)(JLFE 5)TT 41, ¥ A"
YERE R, AR B3 IR ZHUS IR, 4 0.053~0.078,
FNZIX B AN 5938 SR R A, [ e L
WRILT Ny W BeTURE A I ARSI, A AR
IRENI YNGR

W XA )2 R B A RRIR R I R L A ok
BHBRATCE WIS, JCI A fRR S A Hs Rk &
B, IR BRI G . I IE AR, W
WIATERE, MG HARIERIE MORRRIE. 256
DL IR nr, AL G0 ol ik vT Be 20 5
HAHERA,  HEWT O BRI T DX IR

{EIX i (1) COL /KO — Rl I SR ik, A
FERN ) AR B T BE EI (270 C AN A 2 RAEAR
RIS 53— T, E R A B R H AR
— ML 20%, FEARIEF] 70% L 1P, SR
AL AR S SR, UL WA DI R 1A AR RE

B 6 P AR A B Bt (4t 2RI - R
[N S I S B B EARN S 4 R ENINE N2 5GP
BB D BB, RSB BT SE  FF AR i A 2E ]
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Fig. 6 Diagrams of homogenization temperatures versus

salinities of fluid inclusions in different stages
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Fig. 7 p—t diagrams of H,O-CO, system (Data on line is

density (g/cm?), modified from Ref. [24])
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BTS2 R o X PP ISR pH YEH N, Au JERL
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Fig. 8 Metallogenic model diagram of Liyuan gold deposit:
1—Fuping Group banded gneisses and amphibilite with strong
migmatization; 2 — Migmatites and residual body;
3— Structural alteration rock; 4— Altered rock type gold
deposit; 5—Deep rock mass, provided ore-forming material;
6—Diabase dikes; 7—Migration direction of mineralization

solution; 8—Mineralization faults
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