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Fig. 1 Geological sketch map of Yixingzhai gold ore field *?: 1—Alluvial-diluvial of Quaternary; 2—Loess, loam; 3—Gravel and
clay layer; 4—Volcanic sedimentary ferrosilicon formations of Jingangku group; 5—Plagioclase gneiss and leptite of Wutai stage;
6—Ultra shallow intrusion; 7—Porphyritic granite; 8—Diorite complex body of Sunjiazhuang; 9—Diorite porphyry; 10—

Crypto-explosive breccia pipe; 11—Measured or presumed faults; 12—Ductile-brittle shear zones; 13—Secondary faults
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Fig. 2 w(Na,0)-w(K,0) diagram of granite from Yixingzhai
gold ore field (Modified from Ref. [23])
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Fig. 3 Field trace of the ore vein and typical ore fabric of Yixingzhai gold ore field (Au—Native gold; Py—Pyrite; Cpy—
Chalcopyrite; Sp—Sphalerite; Bn-bornite): (a) Distribution of No.6 quartz vein belt; (b) Distribution of No.7 quartz vein belt; (c)
Band of sulfide and quartz fine veins; (d) Banded structure quartz-pyrite-chalcopyrite- bornite ore; (¢) Natural gold in fracture of
pyrite; (f) Azurite metasomatized bornite presented frill texture; (g) Solid solution of chalcopyrite-sphalerite metasomatized pyrite

presented replacement remnant texture; (h) Exsolution texture of chalcopyrite and sphalerite
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Table 1 Sulfur and lead isotopic compositions of Yixingzhai gold ore field
Sample number Mineral 3Sv.epr/107° Pb”MPb PP 2%®PbAMPb THWU  u AB Ay
XZ102 Pyrite 0.9 16.748 15.273 36.646 377 9.05 -3.33 -15.39
XZ7103-1 Pyrite 3.6 16.939 15317 36.784 373 911 —0.45 -11.68
XZ7103-2 Galena 0.1 16.716 15.295 36.709 382 911 -1.89 —13.69
XZ104 Pyrite 2.0 16.882 15.285 36.697 372 9.05 254 —14.02
XZ206 Galena —0.3 16.71 15.288 36.683 381 9.09 235 -14.39
715-1-1-STM-BS5 Pyrite 1.6 16.744 15.274 36.632 376 9.06 -3.26 -15.76
F 2 SONIERT AR R ALK
Table 2 Hydrogen, Oxygen isotopic compositions of Yixingzhai gold ore field
Sample number Mineral 3Dvy.smow/107> 3" 0v.smow/10°  8'%0,/107° I-tleo:nn:j?z:ﬁgn Data source
XZ7201 Quartz =75 9.5 3.60 329.74
XZ7102 Quartz —-103.6 15.1 7.66 285.13
XZ7203 Quartz -97.6 15.7 5.13 218.70 This paper
XZ204 Quartz —98.5 15.2 391 206.45
XZ104 Quartz —98.3 12.7 3.54 245.60
XZ7103 Quartz —-109.4 14.7 7.16 282.74
92Y73B Quartz —66 12.6 5.24 295
92Y73C Quartz —65 12.4 4.70 290
92Y35 Quartz =72 14.1 4.72 250
92Y35 B Quartz =70 12.6 6.50 340 Ref. [3]
92Y34 Quartz —74 15.7 3.63 200
89W2 Quartz =70 13.9 -1.87 150
89W16 Quartz =56 13.6 -2.17 150
92Y75 Calcite —69 13.6 -2.17 150
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Table 3 Microthermometric data of fluid inclusions for Yixingzhai gold ore field
Stage Sample Mineral Freezingog Homogeniz?tion Salinity(w/%, NaCl.q) Densi'g//
number temperature/ ‘C (N) temperature/ ‘C (N) (average value) (grem™)
) XZ19 Quartz -3.2--6.1(10) 215.7 —360.3(10) 5.28 =10.47(7.71) 0.66 —0.91
Quartz-pyrite stage
X733 Quartz -2.5—-7.8(10) 166.6 —267.5(10) 4.20 — 11.59(7.49) 0.85-0.96
Quartz- X727 Quartz -2.7—-8.7(10) 176.4 — 244.4(10) 4.51 -12.67(8.70) 0.89-0.95
polymetallic XZ103 Quartz —4.6 ——12.9(12) 216.2 —315.8(12) 7.35—-17.17(14.00) 0.78 — 0.98
sulfide stage D008-4 Quartz —4.8 ——13.3(10) 248.3 —334.2(10) 7.64 — 17.56(12.70) 0.76 — 0.92
Carbonate stage Y002 Quartz —4.8 ——6.3(6) 152.6 —265.2(4) 2.08 — 9.68(5.20) 0.93-0.94
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Fig. 5 Distribution map of sulfur isotopic range compositions

of Yixingzhai gold ore field
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Fig. 6 AS—Ay diagram of genetic classification of ores of Yixingzhai gold ore field®”: A—Mantle; B—Orogene; C—Upper Crust;
D—Lower Crust. 1—Mantle-derived; 2—Upper crust; 3—Mantle and upper crust mixed subduction zone (3a—Magmatism, 3b—
Sedimetation); 4—Chemistry sediments; 5S—Hydrothermal sedimentas on seafloor; 6—Middle to deep metamorphism; 7—Deep

metamorphism lower crust; 8—Orogenic belt; 9—Upper crust of old shale; 10—Retrogressive metamorphism
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7= H AN T DUDIR B8 £ B B ARS8 B 0 1,
FAKHR I & e D R AT R s AR AR
AT M AR I 2R B e RO, TR T SE (A . A
XHEZE 52 NNW - Jit Fie =K AP W A des 42 6 7 L )
% JE AT KR A RS AR AT ARDRT 58

SR AR NW [ KA Wi A 3 7 1 Y (K Ay de ok

AEMEy R s HLE R 2 E W 9 frox.
R4 SOCTEG AR L AR B 73 B 45 2R
Table 4 Gas and liquid composition of fluid inclusions in Yixingzhai gold field
Composition X7102 X7103 X7104 X7201 XZ203 XZ204 D004-1
Quartz Quartz Quartz Quartz Quartz Quartz Calcite
F 0.031 0.023 0.059 0.053 0.081 0.074 0.019
ClI 0.171 0.113 0.624 0.314 0.715 0.548 0.152
o SO, 0.792 0918 2.137 1.253 1.407 1.294 1.891
phlgls?/li?ﬁ Na* 1.047 1.132 0.821 0.593 0.924 0.721 1.256
K* 1.924 2.013 1.785 1.305 1.513 1.800 0.961
Mg* 1.015 1.241 1.973 2.141 2.901 1.924 -
Ca** 4.209 4.398 5.129 5.814 6.230 5.096 6.723
H, 1.654 1.986 1.917 2.974 1.538 1.247 0.470
CH,4 23.713 12.879 20.670 34.113 25.135 20.635 18.125
Gas CO, 309.582 105.702 336.433 263.742 412.693 307.671 166.526
phase/10°° C,H, - - - 5.085 3.954 3.005 -
C,Hg - - - 7.149 4.192 3.192 -
H,0 1110 1144 2606 1339 1489 1692 112
Characteristic Na'/K* 0.54 0.56 0.46 0.45 0.61 0.40 1.31
value CO,/H,0 0.28 0.09 0.13 0.20 0.28 0.18 1.49
Pressure relief and temperature Solubility of H,S increased under
decreasing in shallow crust open system gold solubility increasing
Gold solubility increasing
Temperature decreasing sharply in
process of fluid migration
CO, and H,S diffusing because of fluid boiling
Gold precipitation + CO,+H,0 = H,CO; =H"+[HCO;]” = 2H'+CO3"

Residual S?” combined with Cu?*, Fe?*, Pb** and Zn?" to form metal sulfides

9 SUIESY A HLE R E R

Fig. 9 Schematic diagram of metallogenic mechanism
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Metallogenic mechanism of Yixingzhai gold ore field in
Fanshi county, Shanxi province: Evidences from isotopes and
fluid inclusion

PENG Nan-hai"? SHAO Yong-jun"?, LIU Zhong-fa'?, WANG Cheng'+?

(1. Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geological Environment Monitor
Ministry of Education, Central South University, Changsha 410083, China;
2. School of Geoscience and InfoPhysics, Central South University, Changsha 410083, China)

Abstract: Yixingzhai gold ore field is located in NW-trending Mesozoic tectonic magmatic belt of the northeast region in
Shanxi province. Key ore control factors, ore-forming materials, ore-forming fluid source and its evolution were studied
relied on Yixingzhai and Xizhuang gold deposits. Based on these, the metallogenic mechanism of this gold ore field was
studied. The results show that structures in this area have multi-phase activities characteristics, the regional NW-trending
tensional fractures are the ore-transmitting structure, the secondary NW-trending tensional fractures are the ore
distribution structure and the NNW-trending compressive-tensional-shearing fractures are the ore hosting structure.
Different forms and different levels of structures are the most important controlling factors of mineralization. Isotopic
compositions of S, Pb, H, O and trace element geochemical characteristics show that the magmatic activity of Yanshanian
is the first factor of mineralization, providing massive ore forming material and ore forming fluid. The characteristics of
fluid inclusions and macroscopic geological features indicate that the ore-forming fluid occurred boiling in the major
metallogenic stage, which caused the loss of CO,, H,S and so on, and the stability of the gold complex was destroyed,
which resulted in the large-scale precipitation of Au. The boiling action of ore-forming fluid is the main mechanism of
ore material precipitation.

Key words: Yixingzhai gold ore field; key ore control factor; ore-forming material; ore-forming fluid; evolution;

metallogenic mechanism
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