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Abstract: [Objective] Pyrite is a common auriferous mineral in gold deposits. Its mineral geochemistry not only plays a
significant role in elucidating ore genesis, but also provides important information for the exploration of deposits. The
Jiuzhanggou gold deposit in western Henan Province is a gold deposit typical of tectonically altered rocks in the
Xiong'ershan gold ore cluster, and it is an ideal deposit to study the genetic indications and prospecting signs of pyrite in
gold deposits. [Methods] In this study, the tectonically altered zones of the Jiuzhanggou gold deposit were investigated,
and 8 samples of tectonically altered rocks were collected over a vertical depth of 280 m, from +260 m to —20 m. Electron
microprobe and laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) analyses of pyrite from the
altered rocks were carried out, and the characteristics and variations of the element contents in pyrite of differently altered
zones were obtained, revealing the indications of pyrite for ore genesis and prospection at greater depth. [Results] The
interval between the +260 m and —20 m levels of the Jiuzhanggou gold deposit can be divided into four altered zones.
Microscopic observation of the altered rocks shows that pyrite was formed during the metallogenic period. Given its Fe and
S contents, most of the pyrite is sulfur-depleted. Cluster analysis shows that Au, Cu, As, Sb, Zn, Ag, Te, Se and Pb in pyrite
belong to a group of hypothermal-mesothermal elements. [Conclusion] The Co/Ni ratio (1~10) and the Co-Ni-As
diagram indicate a magmatic hydrothermal origin of pyrite. The Au in pyrite is positively correlated with Cu, As, Sb, Zn,
Ag, Te, and Pb. The contents of these elements gradually decrease in the 1~3™ altered zones, but increase in the 4™ zone.
It is speculated that the 19~3" altered zones are the product of the same hydrothermal mineralization activity, while the 4"
altered zone is the product of another hydrothermal mineralization activity. According to the vertical extent of the 1%~3"
altered zones, it is speculated that the 4™ altered zone may reach —60 meters. At least one level (40 m) can be explored at
depth, which has a good prospecting potential. [Significance] The contents of Au, Cu, As, Sb, Zn, Ag, Te, Se, and Pb and
the ratios of Au/As, Au/Ag, and Co/Ni in pyrite reflect the vertical mineralization zoning. These trace elements in pyrite are

HEeWH: EXARPEEEIH (41872091)

This research is financially supported by the National Natural Science Foundation of China (Grant No. 41872091).

E—EH.: A@E (1981—) , B, ERMKTEN, NFEEEY & T/E. Email: sijiantao@163.com

WBEEH: AMEM (1968—) , B, EFEMHETREIF, NFHF -4 T/E. Email: 365574619@qq.com

Wi BHEA: 2024-06-16; EEIHER: 2024-10-07; RABHA: 2024-11-15; MEHMBEHA: 2024-12-13; [ERE: LT


https://doi.org/10.12090/j.issn.1006-6616.2023140
https://doi.org/10.12090/j.issn.1006-6616.2023140
https://doi.org/10.12090/j.issn.1006-6616.2023140
https://doi.org/10.12090/j.issn.1006-6616.2023140
https://doi.org/10.12090/j.issn.1006-6616.2023140
https://doi.org/10.12090/j.issn.1006-6616.2023140
mailto:sijaintao@163.com
mailto:365574619@qq.com

62 ¥R 55 54 https://journal.geomech.ac.cn 2025

essential markers for prospecting targets in the deeper parts of gold deposits.
Keywords: pyrite; trace elements; metallogenetic prediction; Jiuzhanggou gold deposit; western Henan
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Fig. 1 Simplified regional geological maps of the Jiuzhanggou gold deposit in western Henan

(a) Simplified geological and mineral resource map of the Xiong'ershan-Waifangshan area in western Henan (after Sheng et al., 2022a); (b)

Simplified geological map of the Miaoling-Jiuzhanggou gold belt (after Liu et al., 2022)
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Fig.2 Geological map of the Jiuzhanggou gold deposit

(a) Geological plan map of the deposit (after Zhu et al., 2022); (b) The section No. 00 of the deposit (after Ding et al., 2020)
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Fig.3 Longitudinal section of the Jiuzhanggou gold deposit, indicating alteration zones and sampling locations
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Table 1 Characteristics of samples of altered rocks
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Fig. 4 Micrographs of textures of sulfide in altered rocks

(a) Disseminated fine-grained pyrite; (b) Vein texture pyrite; (c) Cataclastic pyrite; (d) Pyrite intergrown with chalcopyrite and galena

Py—pyrite; Gn—galena; Cpy—chalcopyrite

R2 MMAEST AMTERST BFREMKLER (x107

Table 2 Electron microprobe data of pyrite from tectonically altered rocks of the Jiuzhanggou gold deposit ( x107)

A Fe Cu Pb 7n Au Ag Te S it S/Fe oFe oS

Eat
45.1 45.45 0.05 0.02 53.90 99.41 2.065 —2.363 0.842
452 46.81 0.02 0.05 52.21 99.09 1.942 0.559 —2.320
453 46.08 0.04 0.08 0.03 52.87 99.10 1.998 —1.010 —1.085
454 46.56 0.03 0.08 0.03 0.02 / 53.73 100.46 2.009 0.021 0.524
45.5 45.71 0.37 0.02 0.03 0.01 / 50.37 96.51 1.919 —1.805 —5.762
45.6 46.33 0.00 0.02 / 52.85 99.21 1.986 —0.473 -1.123
45.7 45.73 0.05 0.01 / 53.21 99.00 2.026 —-1.762 —0.449
458 45.81 0.07 0.04 0.06 / 53.53 99.52 2.035 —1.590 0.150
S 46.06 / / / / / / 52.83 99.04 1.998 -1.053 -1.153
SRIE¢ 45.95 / / / / / / 53.04 99.16 2.004 ~1.300 ~0.767
vl
47.1 49.02 0.02 0.02 50.59 99.65 1.998 5.306 —5.351
473 46.20 0.02 53.77 99.99 1.797 —-0.752 0.599
47.4 46.07 0.04 0.06 0.04 53.48 99.68 2.029 —-1.031 0.056
47.5 46.00 0.02 53.28 99.31 2.027 —1.182 —0.318
47.8 46.69 0.05 0.05 0.03 53.49 100.32 2.022 0.301 0.075
47.1 46.45 0.04 0.04 54.12 100.65 2.017 -0.215 1.254
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gk2
RS Fe Cu Pb Zn Au Ag Te As S ait S/Fe oFe JS

48.1 46.06 0.04 0.03 0.02 / / 52.72 98.87 1.995 -1.053 -1.366
482 45.55 0.04 0.03 0.05 / / 53.49 99.16 1.993 -2.148 0.075
483 45.62 0.09 0.04 0.00 / / 51.68 97.44 2.031 -1.998 -3312
48.4 45.59 0.05 0.02 / / 51.58 97.25 2.045 —2.062 —3.499
48.5 45.94 0.04 / / 53.26 99.25 1.973 -1.310 —0.355
48.6 45.96 0.10 / / 52.74 98.79 1.970 -1.267 -1.328
48.7 46.06 0.16 0.08 0.02 / / 53.49 99.82 2.019 -1.053 0.075
48.8 45.74 0.02 / / 53.64 99.39 1.998 -1.740 0.335
48.9 45.01 0.03 0.10 0.03 / / 53.21 98.37 2.022 -3.308 —0.449
48.1 45.42 0.02 0.07 0.04 / / 52.96 98.50 2.042 —-2.427 -0.917
FHME 46.09 / / / / / / / 52.97 99.15 1.999 -0.996 —0.900
LRTIR 45.98 / / / / / / / 53.27 99.28 2.018 -1.225 -0.337
E Xt

50.3 45.95 0.04 0.02 / / 53.53 99.55 2.058 -1.289 0.150
50.6 45.78 0.04 / / 54.72 100.55 2.002 -1.654 2376
50.7 46.28 0.07 0.05 / / 52.83 99.24 2.029 —0.580 -1.160
50.8 46.56 0.05 0.12 / / 52.23 98.96 2.081 0.021 —2.283
A 46.14 / / 0.06 / / / / 53.33 99.58 2.043 -0.875 -0.229
LREIVEAE 46.12 / / 0.05 / / / / 53.18 99.40 2.044 -0.935 -0.505
Ay

52.1 45.50 0.06 0.05 0.04 / 51.83 97.48 1.988 -2.256 -3.031
52.4 45.75 0.04 0.03 0.02 / 51.95 97.78 1.953 -1.719 —2.806
52.5 45.77 0.04 / 52.36 98.17 2.013 -1.676 -2.039
52.6 45.45 0.02 0.05 0.06 0.10 / 50.92 96.60 1.984 -2.363 ~4.733
52.8 44.98 0.03 0.04 0.09 / 52.44 97.57 1.977 -3.373 -1.890
54.1 48.95 0.08 0.02 0.02 / 54.21 103.28 1.992 5.156 1.422
54.2 46.39 0.02 / 54.01 100.43 1.951 —0.344 1.048
54.3 46.65 0.03 0.05 0.05 0.02 / 53.58 100.38 2.030 0215 0.243
54.7 45.94 0.04 0.09 / 53.53 99.59 1.929 -1.310 0.150
54.8 46.00 0.02 0.03 0.03 / 53.02 99.10 2.027 -1.182 —0.804
55.6 45.41 / 0.01 53.41 98.83 2.000 —2.449 -0.075
55.7 4531 0.04 0.03 / 0.02 53.29 98.70 2.029 —2.664 -0.299
55.8 4477 0.03 0.03 0.06 0.03 / 53.88 98.80 2.007 -3.824 0.804
FHIE 4591 / / / / / / / 52.96 98.98 1.991 -1.368 -0.924
LREIVEE 45.75 / / / / / / / 53.29 98.7 1.992 -1.719 -0.299
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33 EHRHMEUTERE F1 Zn(1.25%10°~17306x10°) o K & HAh ot R & &=

BT LAICP-MS TR M & R Bon (R3), & 1~21 % & 9, Au(0.03x10°~865.84x10°) . Cu
As(2.69x10°~26086x10°) Te(0.37x10°~7352x10°) . (0.98x10°~1567.97x10°),  Sb(0.43x10°~958.55x
Ag(0.10x107°~4682x10°) . Pb(0.11x10°~5214x10°)  10°). Co(0.26x10°~143.44x10°) FI Ni(0.79x10°~
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1—1* altered zone; 2—2™ altered zone; 3—3™ altered zone; 4—4"
altered zone; I—Quadrant I Fe-, S-rich area; II—Quadrant II Fe-
poor, S-rich area; III—Quadrant III Fe-, S-poor area; VI—Quadrant

VI Fe-rich, S-poor area

77.23x10°) FJC R & WA X8 . B, Bk
HR A & A TR Sn(<5%107°) Fl Bi(<1x107°) ; Se. Mo
B A, A R 2 B0 B IR T AR A A R
2l AR TR 1 R DT R SR AT R, A B
HAh ot &, Co MINi JF 258 /N, R HFEKNY
5o A PRARH BRI Au, Cu fI Sb UL E £
K, RH S & BB K,

N TR) et A v R Y e i T R AR Y R R L
R M B2 B 7T 2 2s [ AR AL A (18 6) . D#E e h
Zn, Pb, As, Sb. Au, Ag. Cu, Nifll Te J& & % & 7
23 ] & 5 B0 M AR A (&) 6a—61), AAES 1 1l AR 47
N2 3 ph AR, BE A R EE I, Bkt R &
SO )RR A B AIG, AR 4 Pl AR i R
BT A, R Zn, As. Au. Ag. Ni il Te 3%
B R W 51k AR A BBk P Te(Hh 7 B
3998.57x10°°) . Au( H ii %4 K 708.30x10°) . Ag(H1fiL
R 1162.95%10°°) F1 Se(H 7 £ o 27.39x107°) 4% H:
b ok AR HE B R OC R A R AL R 1 ~2 A B
G 5 3 AR A BT AR E B9 AuCHP 7 B0R 0.06x10°) |
Ag(H 7 5k 1.00x10°°) . Te(H 437 5k R 0.59%10°°) It

®3 NAMOAET KT HHREAAKT LAICP-MS KR (x107)
Table 3 LA—ICP—MS data of pyrite from the tectonically altered rocks of the Jiuzhanggou gold deposit (x10™°)

= S Co Ni Cu 7n As Se Mo Ag Sn Sb Te Au Pb Bi
ki
45-1 31453491 30.77 41.16  467.86 47.08  22373.42 4682.16 0.51 219.99 735259 865.84  4059.30 0.01
4522 331241.10 58.02 7723  191.82 2682.09  12403.78 770.80 11921 404089 516.84  5214.27
45-3 313316.89 52.70 46.62 14897 304475 12729.02 621.41 033 32024  2462.06 571.50  1031.78 0.01
45-4 30715724 19.75 2586  357.42 24.14  22497.85 2240 3154.18 025 40859  5432.86 78042  1973.63 0.01
45-5 33175125 27.43 2536 156797 59132 26085.62 27.49 1292.62 0.56 381.66  3663.10 714.50  1799.68 0.01
45-6 342514.13 37.99 44.59 95.90 637.06  10316.97 751.65 167.70 395625 753.55  1128.58
45-7 33035427 13.06 2896 12037 1653 1476853 27.29 103328 032 133.65 286733 608.21 831.34
45-8 33578477 35.10 37.85 10241 1730638  14710.66 27.59 157552 1.05 17353 415151  702.09  1659.99
FEI(n=8)  325831.82 34.35 40.95  381.59 3043.67 1698573 26.19 173520 0.50  240.57  4240.82 689.12  2212.32 0.01
AL 330797.69 32.94 39.51  170.40 614.19  14739.60 27.39 1162.95 042 19676  3998.57 70830  1729.84 0.01
T2 136887097.86 204.74 248.23 216680.63 30327764.96 29487099.19 173.91 1818763.76 0.10 11359.06 2077152.82 11823.82 2178828.11
W2z 35356.89 44.96 51.87 1472.07  17289.85  15768.65 5.19 4060.75 0.80 289.38  4890.53 349.00  4382.93 0.01
Eovkis
47-1 299144.45 3124 13.17 18748 279.45 545.78 1.59 268.08 1.43  81.65 319.05  17.02 345.47 0.25
4722 372280.64 0.29 1.58 1.02 1.69 3.33 0.43 1.05
47-3 359972.18 97.63 32.03  1404.50 13.85 1250172 22.00 68.033.94 154.99 55935 136.28 41133 0.64
47-4 338727.58 53.74 4499 30248 269530 1751070 19.85270.46  1399.58 3.42 147.59  1973.67 599.59 383.25 0.07
47-5 32934876 122.64 5449  721.46 1496 1224235 2937 044  481.16 345.12  1072.16 15844  1401.17 0.36
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RS S Co  Ni Cu Zn As Se Mo Az Sn  Sb Te Au Pb Bi
47-6 362872.12  82.88 18.57 27.53 6.83 96.67 826.15 7.78 8.36 37.48 0.92 124.81 0.09
477 381262.54  59.00 15.05  103.36 17.17 1.18 2.25 936 0.07 21.70 0.07
47-8 349997.96 3411 37.63 11292  738.80  2830.19 1072.48 2.13 3328 1123.44 6.65 171.09 0.28
479 383906.10 2341 215  260.00 3.20 203.11 75.16 2.20 27.09 11.97 030 99.13 0.58
47-10 389696.13  9.78 147 2613 3.89 32.14 11.90 10.76 427 4851 0.70  8536.35 0.23
48-1 289603.21  3.64 9.92 1592.57 62.75  27675.40 0.18 50.59 1.67  780.86 3729 19.65 876.45 0.03
48-2 343709.34 1924 17.10  126.92 1.25 3691.67 7.850.96 152.17 2.49 1.01 393.86 0.03
48-3 332238.60 17.76 20.85 17400  29.27 8782.83 12.93 272 197.94 5.21 200 469.29 0.06
48-4 336590.76 891 1455  698.68  540.96  29186.49 2.45 4218 419 958.55 3452 1419 144835 0.08
48-5 346017.61 143.44 5532 15338 70.39 749.01 241220 2557 2.25 0.19 166.53 0.08
48-6 35632556 65.74 7547 2969.04  98.03 749.89 9.72 1242 1.07  23.73 5.05 0.80 103.07 0.27
48-7 33871830 4111 5374 26241 110522  10447.92 22.56 4.66  528.55 1244 426 1090.63 0.02
48-8 335901.74 1920 19.80  174.65 4.69 1424235 0.30 1636 2.67  418.45 13.79 3.66 684.68 0.03
48-9 334513.61 2057 23.15 35181 9.30  15006.54 0.28 2631 2.85  425.44 14.76 6.68 818.78 0.02
48-10 31445246 7.63 1031  947.57 6.33  22334.96 0.67 57.622.76  754.25 4098 1954  1165.17 0.02

1) (n=20) 344763.98 43.10 27.36 529.92 315.80 9413.00 23.74 99.94 178.18 2.62  253.59 266.35 49.62 935.61 0.17

LREIVRA'S 34121846 27.33 19.80  223.74 22.12 8782.83 22.00 2.02 19.46 2.70  149.88 24.64 3.96 402.60 0.08
F% 656190573.80 1582.99 419.74 506321.46 390352.28 88378055.87 74.35 34482.54 139591.03 2.29 84191.50 265583.58 17766.47 3239087.59 0.03
ez 100092.92 143.15 7400 2967.46 2694.05  29169.32 9.52 82597 1398.563.70 956.86 1971.42 599.52  8535.30 0.62
Hi3T

50-1 263769.51  2.11 11.65 1.60 6.91 0.26 0.24 7.84
50-2 27926040 2324  6.09 9.80 1.50 35.45 0.52 0.29 0.80 20.73
50-3 24904629 1323 3.64  361.41 10.94 5641.10 18.88 0.97  346.66 19.58 3.96 619.66
50-4 25204479 938 1.08 11.98 125 93.13 0.75 0.38 2.76 0.59 0.06 26.23
50-5 26117422 4.66 9.85 1.52 10.66 0.66 0.24 0.82 0.48 10.09
50-6 270194.99  48.15 11.07 34.04 4.26 114.92 1.65 1.18 7.28 1.18 0.05 123.89
50-7 250984.14 5322 16.25 53.91 6.54 171.79 222325 2141 0.09 152.51
50-8 27092649 37.87 8.11 30.70 36.63 205.25 1.24 1.10 5.35 0.48 0.03 92.82
T-H)(n=8) 262175.10 2398 7.71 65.42 8.03 784.90 327095 5501 4.46 0.84 131.72
LAIDEY 262471.87 1824 17.10 21.34 2.93 104.03 1.00 0.68 5.35 0.59 0.06 59.53
kS 104572907.64 351.62 29.58 12732.67  126.90 337354834 35.16 0.89 12773.28 40.42 1.69  36709.90
e 30214.11 5111 1517 35161 35.38 5634.19 18.623.01 345.86 19.10 3.93 611.82
e

52-1 28543379  6.02 1.40 45.04 19593 3308.10 226 1.60 5414 9.76 0.65 188.20
52-2 325089.23 1235  2.15 2278 1.87 105.48 0.43 1.27 0.45 0.03 28.52
52-3 35935434 546 0.79 4.50 758.55 0.10 2.74 1.19 0.46 5.98
52-4 311181.57 258 1.03 721062 12535  26898.70 54.44 0.58  246.61 22.90 7.13 248.73
52-5 320269.21 40.83 16.13 17.81 13.72 4856.86 0.70 .09 31.00 1.99 0.70 129.36
52-6 306594.66 64.04 13.24 68.36 3.66 3595.30 423 7.48 2049  17.68 17.90

52-7 364431.97 84.52 32.77 0.98 6.19 38.62 0.06 0.43 3.20 9.23
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52-8 343056.87  30.78  5.16 414.40 1535 24231.17 8.99 0.64 291.16 13611 81.01  341.03
54-1 282402.97 448 171 23.00 26.60 338.97 24.08 599 21531 993 17891
542 230330.00 101.56  50.69 48.02 6.29 306.33 2.09 026  50.93 2472 010 72022
54-3 261971.00  20.19  7.70 2924 156.90 130.69 124 32.44 579 006  313.61
54-4 306347.34 0.26 2.69 0.37 0.11
54-5 275576.83 027 1.03 18.53 458 11.50  1.37 1.95
54-6 299755.91 189  1.87 3.67 79.86 0.53 482 111 2.17
54-7 300998.85 2933 1257 3.75 273.76 9.07 2.05 3928 4.49 9.64
54-8 25473791  878.74 274.64 109.33 1.69 4171.40 14.08 0.69 3372 179295 22.14 110527
55-1 248768.14 3497 1134 32458  174.99 929.20 039 11.15 026 87.58 4412 857 24638
55-2 202527.61  58.02  25.07 415.48 87.88 637.51 880.46 97.33 0.40 90.07 14558 43.68  3083.01
55-3 267990.03 2.52 69.74 13.51 396.91 0.44 091 023 721 3.65 025 60.76
55-4 222558.70 0.81 1882 437.81 87.64 126 035 135 1.17 27.18
55-5 214405.02 237 10.39 17.25 1823 1.16 0.17  3.40 593 031 53.20
55-6 283070.03  14.08 535 13841  711.77 160.09 338 033 31.33 739 139 102.63
55-7 235163.78 6.05 291 4759  306.04 209.18 2.87 10.63 494 100  530.94
55-8 28248850  10.86  3.90 7724 3300.52 791.36 3.88 61.03 40.15 852  124.00
5 (n=24) 286437.68  58.87  24.76 39586 294.91 3014.38 293.76 10.82 0.61  50.08  110.58 10.03  313.71
PR 284251.91 11.61 5.35 45.04 26.60 322.65 0.44 287 040 31.00 9.76 137  113.32
Ji% 1569039297.62 29985.05 2973.06 2043526.92 437330.95 48354159.08  30952.03 458.83 0.19 5372.81 126596.48 322.86 400884.62
e 150026.95  878.48 273.85  7209.64 329883  26896.01 880.07 97.27 1.43 290.73 179258 80.98  3082.90

T 2= RO R TR

Eo ARG . 44 AR RO NI i
RNy 55 1, 2 AR AT R v Ni & P A2 5o il
439.51x10°°, 19.80x10°°, & it A8 fb A K H I N & 4R,
55030 4P AR A R N R 2 8K 4 B R 7.10x10°,
535<10° BB AL T4 1. 20484 . @Co 78 4 41l
Sl R i (i AL B 32.94%10°,
27.33x10°°, 18.24x10°, 11.61x10°) & N2, B IR FE
B n 2 g KA R (E 6)); QM Bk TR, B
BB H Sn. Se. Bi. Mo JG % 7 & 9 %5 [A] 48 fb # K
(I 6k—6n), H v Sn I Bi 7645 1 fth 25 4 85 4k 5
B AR, AL RS B R 0.42x107° F10.01x107%
Sn. Mo. BiJC & 7E £% 2 1l A5 47 i 2 b A X & 4
SR EUY R 2.70x107°, 2.02x107°, 0.08x107% Mo
JG 2 HAE o A AR SR 2 AR A Bk b (1] 6m),
Se AXAEHS 1 Pl A8 A7 v B rp 5 S m oy, E A ik AR
A BRI BR (1] 6n) .

BT R O R A 40 B (1 7), A,
Ag. Te Fl Ni JGF Z [] [n] 1t J2 ff A /N, 52 B0 IE AR G ¢

%; Cu, Sb, As 2 IEAHCK R . X 24 ) i &2 ik
HRR, R Z 0] RN . X827
WL R RBESN (B 8B /R Au5 Te/Ag, Co
Ni AL RER m . X SR T R v LUy 3 4
% 1415 Cu. As, Sb, Zn, Ag. Te. Au, Se il Pb JC
2, —RIRITRA S, 5 24K Co. Ni. Mo JT
E,E341°8S. Sn. BionE., MY MEITTEZN
A E (- 98 8, Auty Cu, As, Zn, Ag.
Te F1 Pb, Cu 5 Ag. Sb, Ag 5 Pb, Te F1 Sb 35 £ #{ i1}
RAFIY TEAHCOC R, R BA A 20 5 2 R i

4 R ERB
41 EBEHRTHMELEXT KEENETR

BT Au R AL BOR, S 1 s A
A7 BTE 708.30x10°, H Ay il AE A i kB
Au R AL BCIAE T 4.00x10°°, A TSR Au fE
TR A R AR OB B B O T As Y B
(Cook and Chryssoulis, 1990; Reich et al., 2005; Deditius
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etal, 2014) . £ Au-As & I, {57 F ¥ ff B 1 Fn 2 LA
T AR A Au DL ROE 2 BLAE s N,
M AE %L LA b, Au 2 DLRAE Au 9 K 0k 8 X
P (Reich et al., 2005; Li et al., 2019) ., JULELVA 47 K
1B AR Au & BT As 1 958 00 A R A
BR, 560 1 plAs iy K5 2, 4 il AR A 0 B N AR
TR AR b, RO T MZ S O, R 1 AR
WEERT B Au DURAE Au 90K JE =, TR &R
A5 20 3. 4 PhA2H SR Y Au DU RS £ &
(B 10a) o JUALVA B IR B 1Y Au-As i il B
A5 8 AR TR A A R — B

HEARA B Co/Ni LY AR X A7 1 J5 1R (4 JE 1l 26
BB R WU, Tz 0 T R PRLR A I Ak
T %) 43 2% (Bajwah et al., 1987; Large et al., 2009) , —
P o Uk, 0 FR B R B R T Y AR AR 2 R Nk B R
Ik Co/Ni FLAR (<1), 1M1 25 2R $A0 8 3 4 7 1Y) AR AE 2
Co/Ni [t {5 /- T 1~10(Bajwah et al., 1987; Reich et
al., 2016) . JUELIA &0 K 8 2k Co/Ni LU 1H F 1k 7%
£ 1~10, J& T # O A (&1 10b) o Co-Ni-As =
£ B R, JUB0E &0 R BB RV 78 R kA
5525 IR BT AT T T X, T U AR A IR AR
5 AR X (& 10c) . Babedi et al.(2023) 38 i
RN ) 3 LAY R A BRI PR R L IR R A
TR BEA A RARALE R As S5 TR B 4
G on, As 52 b EAOC, R=0.5(E 11).
JUBRLTA B PR 45 1l AR B As & P AL RS IR
JEMPLG DR oK, 55 1 Vs BBk B i T 230.0 °C,
5 2 PRI BT P U BEE Ry 247.2 °C, 55 3 Pl s AT
T IR E N 395.4 °C, 5 4 TR T BT R 377.1 °C
(L 11), B F2 R T i B A e — P 3 Y
HH G 2 35 88 AR R U AL VA 4 BT IR 1 8 Bk 4 [ 1 R
(58 H —16.0%0~—7.4%0) I T & 41 i [F] 13 K (5S
—16.0%0~~7.4%0) 45 H, THH ARG T A H 5SS 1.2%0
(Sheng et al., 2022b), W Rk B T K 5. KW,
LR A ) BB IR TR T AT AR 09 B AR S 1A # W (X1
T NIEE, 2022), JUBLVE 407 K 5 3 BORA Gy 4
IR

B T Te TR FHRAFS L ST IRBE K
(™ H 45, 2012), Te & &t AT LAAR 4F B e i 4K 1) 46
i EE (fO,), 35 5 UM e P SR 87 %5, 2023) . L
BLVA 4 07 R 1) BT Te 2 2t B /0 B0 T 46 00 PR A1
M nx1070~nx1072, Bz & 35 7352.59x10°, B & & T AE
Holi =477 g 4 X0 B Ll 4 8T IR 19 8 Bk (B K
H 21.9x10°% sk #7444, 2023), TR LA &0 K4
iR SRR o 4 Pl AR B R Te % & H K (58
1 A 7 H B P 2 Bk 3998.57x107°°) & Hp — IR
(5 3 ol AR 27 L0 4 P A 550 0.59%107°) 3% i [ 1K
WM ESE G4 S E Py
9.76x10°°) A Tt (£ 3), e T % A% A T+
e 1Y
42 BERT TETETURBREY BN

TE 4 b s s oh ) 45 3 ol AR A B Bk 1Y Co/Ni
Lo AH Fe i (3.3 ~ 8.7), Hok A 55 4 1l 28 47 (Co/Ni L



A, % BUULELA &R

TR M BR A 2 AR R T T S

73
4 ] 3
10— — 10° 10 2 .
10° 3 =" v v P ve
° 4 L 3 ® 2 . >
5 A 10 o2 10 . & 3oV
Ll et "%y { L P ooV L VieeXv ¢V
= =T =
£ . QA v v X 10 o ve L % 10 R / .' vy
S 10 ¥ < v v? »n
Yv v “A » v! "
1 e 10°{ w 1
v
L ]
[ ] v v
107! 10 J 107! -
102 10" 1 10 102 10° 102 10! 1 10 102 10° 102 10! 1 10 102 10°
Au/x107° Au/x107° Au/x107°
4 4 4
10 q 10 = w 10 F {
v r
10° o 10 . . ® o 10° o v :
v o ] > °
2 vV .. E 10 xv' L ‘?o 102 ¥ vy
Z 102 ° ° ’ é v z 101 Q z v - ;g
N B . j < L 104 o ‘h
10 VY 4y Ve 1w - o
STV 10 v T T
L ]
v
1+—A ) 4 102 S—— , 10"
102 10" 1 10 102 10° 102 10! 1 10 102 10° 102 10! 1 10 10? 10°
Au/x10° Au/x107° Au/x10°
4 4 4
10 - . j 104 v 10 e
[ ]
3 L ] 3 u
10 vv ‘0"? ve o 10 & y:'?v i o 10°4 - : :o
¢ AL O ‘V v ¢ % oY ® fon ¢ 0-".
S 102{ A ° & 1074 vaw ¥ =) -4 em ¢ 0
< ~ X " X 10 %
X AL v X v, v X v v
£ 10 v S 10, D M s vaw
v v v v v v
1 " B ¢ W 10 4
w
10" ’ 10" . S 1+2
102 10! 1 10 10? 10° 102 10! 1 10 10> 10° 10* 1 10 10? 10° 10*
Au/x107° Ag/x10°¢ Sb/x107°
4 4 4
10 ; — 10 K 1.. 10 1 -
- | ]
10°4 ‘: . 10° ¥ . °° 10°4 - £
.10 v . v,* . 10 £
= 1 vv. g S 10% % T o . Yoy o
< 10 4« % X 104 o vy
<\°tn ] v 'v s v é 101 ;;v be :%D '.v.v';'.'
14 = z gy - v: 14 “'I‘¢ v .|
A 1 v v [ )
10 v, 1 h 104 . T A3
102 . " : : 10! S 102 : : L &
10! 1 10 102 103 10* 102 10! 1 10 10> 10° 10* 10! 1 10 102 103 10*
Pb/x10°¢ Ag/x107°¢ Sb/x107¢

B, 20 3, 400K T A1,

a—Au§ Culllfi#; b—Au 5 As &

2.3, 4 ph AR Ry Bk
fift 5 c—

Cu &l f##; i—Sb 5 Cu El fi#; j—Pb 5 Ag El it ; k—Ag 5 Te El fi#t; 1—Sb 5 Ag &l fif

K9

TR E R OB TR M K

Fig. 9 Correlation of trace elements in pyrite from altered rocks

(a) Au vs Cu; (b) Au vs As; (c) Au vs Sb; (d) Au vs Zn; (e) Au vs Ag; (f) Au vs Te; (g)Au vs Pb; (h) Ag vs Cu; (i) Sb vs Cu; (j) Pb vs Ag; (k) Ag

vs Te; (1) Sb vs Ag

1,2, 3, and 4 are pyrite from the 1%, 2", 3, and 4" altered zones, respectively.

- H1.0~69), MEHE 1, 240
Co/Ni [ 8%, #°0 1.0(E 10b)

AR A Y R
H1E 1 ih AR i 3

53 AR A AR P Co/Ni B B W R R . T AR

4 ph A

PR A Co/Ni el & T56 3 ph AR

2K (SRS

T 1, 20 AR (F 10b),

AR A AN SR E

AL BT IR . As
BRARER, % 13 MR gk B R 2
%, 2026 4 i As Ay

Auty SbIE ff; d—AuS Zn [ ff; e—Au 5 Ag B fit; F—Au 5 Te Bl fit; ¢—Au 5 Pb [ fft; h—Ag 5

ViU AE 4 PR 5 B
5 R
25 1 b
I B S 1 v (1), B



74 ¥R 55 54 https://journal.geomech.ac.cn 2025

1072
a
] o
1073 @%‘@'y
1044 1\%.. v
N
s 1077 Auffi Azl .A’V
)
£ 1079 () ( ]
z o Ove
10773 HHEY v
0K
1073 S
N A
10710 > T T S T T T T T
10 107 10° 10° 10* 103 102 10!
As/mol%

10¢
b
Q
10°3 \é\//\“ ®® v
P e 0y
3 LS
(=)
cw] el
= A\//\ AN v
“ e Yy

I @OAM“L

v
vVY% ® ¢
v N A
14 Cﬁ &
1 10 10? 10° 10
Co/x10°¢

AR

100 /R .
0 25 50 75 100

Co/% Ni/%

B 1, 2,3, 43 5I4RR T 5 1, 20 3. 4 plUAsay i B ik w™

a— As-Au HH %} B8 /R 25 1 81 % (Reich et al., 2005 42 (4 Au %58 55 48 ) ; b—Ni-Co JT % AH X & 12 B ; c— Co-As-Ni Ji 3 /5 [t =/ B (& i 45, 2012)

B 10 #4Ry & EH B E AR

Fig. 10 Genetic discrimination of pyrite

(a) As vs Au molar proportion diagram (Au saturation line after Reich et al., 2005); (b) Ni vs Co relative abundance diagram; (c) Co-As-Ni

relative abundance percent triangle diagram (Yan et al., 2012)

1,2, 3, and 4 are pyrite from the 1%, 2™, 3, and 4" altered zones, respectively.

RIVELIE &0 IR LR AR 2 07 TR 1k — WA G
B, 5 3 s A S AR 0 R i, 56 4 DR R O
— R PRIE B Sk i . X5 A TR I AL 1 A
RIFAIE A ALz A (22 B4, 2021)

WEY HMME TR ASREMNAEHRS
Co/Ni H B AR L2 L, 565 1—3 PR 4 5556 4 bl A8
WS B, 51 ph AR 5 3 AR Au
W U, I AR 4 Bl AR HE M A 3 (] 12a)
As i ERTE L E 4R, B B AR A A oy B 4k
(K 12b); AwAs ZE 1L 5 Au A9 28 L 26 (1] 12¢0), {H
FHAR A, Ni5 Cofe 18 & &4 & (B 12d.
12¢), Wi e RARAL AL, oK 2 B o 45 10 5 5 (JF)
SR B, 1994) o AN [R] bR R B ER BT Au/Ag

10°

w1
Sa °2
10t R*=0.5 . 3
~

< ~

L 10 S o

= 230.0C | [247.2°C ~

<10 .
10- 377.1°C | [395.4°C

1
100 150 200 250 300 350 400 450
TR/ C

BB 1, 2,3, 440 BIICE T4 1, 2. 3. 4 s 0 8 4k
B11 #4575 As 5iR)E % % (Babedietal., 2023)

Fig. 11 Correlation between the As content and the temperature of

pyrite (after Babedi et al., 2023)

1, 2, 3, and 4 are pyrite from the 1%, 2™, 3", and 4™ altered zones,

respectively.



R, A BOUYIJULALYE ST R BT R A R R LR R X

75
260 ]
222 a * 2604, N34 260, o o
1 220 2201
180 . 180 of oofo o= 1804 R e T
. 140 g 1407 — okie 140{ o g0 doo
= 100 ofd = o X 1007 = . g 100 —%
£ 604 o . 2 601 3 60
209 o & efe 201 ——=I% = T 204 .
-201 %} o ~201 a2 05, —201 e, 0 S
102 100 1 10 10> 10’ 110 100 10° 10 107 10+ 10 102 10°!
Au/x107° As/x107° Au/As
260{ T 2601, oo 260 ool
220 220 220
180+ oo oo 1801 o————{fomi 1801 o——<3F &
g 1404 oflu 3o = 1404 —f ede o = 1407 wfop
& 100 100 & 100 R IR
£ 60, £ 601 £ 60 SN
20 . 201 . 20 f ofon 3
~20 T e -20 . -20 TR
10! 1 10 102 10° 1o 1 10 102 10°  10* 10° 102 10" 1 10 10
Ni/x10°¢ Co/x10° Au/Ag
5 10
60, — e b il I
220 ——p S
0 . % 25%~75%
I 037 ¢° vy [ LSIQRIAHLF
= 1 e ~ “A-'vﬂﬂr,,' — sk
£ 100 B | Z v s Bl
g 60 SRS ma S A a— e
5 a2 . o S
204 o e o
204 oiabe o 1 IV
10! 1 10 10° 102 10" 1 10 10
Co/Ni Au/Ag
BIFIH 1,2, 3,040 BIARE TE 1, 2, 3, 4 AW 19 s k™
a.b.c.d.e. f. g—NHIRIEM L Au, As. AwAs. Ni. Co. Au/Ag. Co/Ni &l fi#; h— Ag/Au 5 Co/Ni [t (I—55 T 4 IR & Au. Co X; I—55 T £ KR

P AuE Co X5 IT—45 T £ PR %% Co 7% Au X ; VI—45 VI R %% Co & Au X))

A 12

TR EERT MET R A KRB R R

Fig. 12 Spatial variation of trace elements and associated coefficients of pyrite in altered rocks

a, b,c,d, e, f, g—are Au, As, Au/As, Ni, Co, Au/Ag, Co/Ni vertical variation diagram; h—Ag/Au vs Co/Ni (in Figure 12h [—Quadrant I Au-,

Co-rich area; II—Quadrant IT Au-poor, Co-rich area; I[II——Quadrant III Co-, Au-poor area; VI—Quadrant VI Co-rich, Au-poor area)

1,2, 3, and 4 are pyrite from the 1%, 2", 3, and 4™ altered zones, respectively.

PO HRAE s, L 4E Ag, b & 4E Au( & 126) .
M, #4kB 1 Au/As. Co/Ni X A [/ 1 A8 4 BA7
PR s (B 121, 12g) o 7E B LW Co/Ni-Au/Ag K]
b 1L 20 3 AR Y BRI Co/NI 5 Au/Ag
FEEG, BB B A T R 4 A (8] 12h), T4 4 il AR
W oA a5 A 3 APl AR A 1 H R B
25 5 (B 12h), 3% 0 5 7R 56 4 Pl AR Ay AT RE R 5
Ah— WK BGRTE S = . BRI ST SR R B R,
+80 m 1 Bt LA 0 B 7 EAR KT 6 g/t, 1 +80 m H
BEUL BB H RGN T 4 g, X BB HRAE S kR
TR TC 2R S e () BRI Bl B — Bk

LEA HRR T M R Y 2 ) AR AL LA, AE AR
1—3 fft A8 45 v 575 3 ol A8 5 3 07 19 Co/Ni B {H i
1o, W 7 HL O IR AR Bh R, A 1 R AR A
g PR Bl B Sk C AR DU AN S R ), R A il AR Ay
FERED 160 m(E 13) . 5 4 AR R 55 — IR
T 2l 1 Sk, 2 B L R 4 1a] A% 4k, I ZE fif n]
1K 160 m, {4 57 At 3 16 —60 m 1] g UL 2] f1h A% HF (1)
o HENZE R IR O 6 220 m, B L, W2
DA A — A B (2 40m) . T LR
X TG 2% A A5 A DGR b, S b VR 3 E i AT BB R K, 3R
LA A 1 8 A i

FNFN



76 Wk F

% 3% https://journal.geomech.ac.cn 2025

FRRILHE :
Au Ag CoNiAs % Co/Ni

L il i &

260 FR— — — — - - — — A +
£

S 100} — — — — — L — — =
=
&

20 — & — — + P — —

60— e N

1
I -
IS =) A X

bz |

I—55 1 fhAR 7 5 2— 40 2 PAS 5 5 3— 505 3 Il AR 4t 5 4— %8 4 ph AR

H13 ETHEsdERTHETLENLT HEEA

Fig. 13 Gold exploration model based on trace elements of pyrite in altered rocks

1—1* altered zone; 2—2" altered zone; 3—3™ altered zone; 4—4™ altered zone

5 b

(D) JUBLIH 45 R +260 m % —20 m H B Al 43 Ky
4P AZAE, B 1 PR BB Y Au LUK UKL
B, 5 2—4 AR DL ENE OB 0 £ ke
H1 Co/Ni Ht fH (1~10) & Co-Ni-As & i & 75 H b
I

(2) 28 1 AR 228 3 ph ARy (P v 2R ) %
BT h Au F & AL B Bl O 708.30x107°, 3.96%
107, 0.06x10°°, 5 3 ¥ F& ARy #a ¥ . & gk
Au 5 Ag, Te, Zn, Sb, As. Se Fl Pb JC % & 1F 1 5%,
Au/As, AwAg lLH 5 Au & & 2 1 M A fk, i
Co/Ni lWfA 5 Au & it 2 A OGS k. Ik, B 4km™
"1 Au, Ag. Te, Zn, Sb, As, Se, Pb TZE & it &mm&
Auw/Ag. Co/Ni X it 2% 27 e A8 A H 8 2L 5 7R i X

(@ﬁ%ﬁ*ﬁiﬁ%ﬁﬁﬁiﬁ&%hﬁ%
AR, TE5S 1—3 MR gk h i R & &
53 S PR AR AL, Oy ] — R T I Bl Y
T AE 575 4 i 78 7 L o s BBk R, I SR 5 —
B SR . FR R S 1—3 AR Al ) 3 ] YR
e 55 4 by AR 2 ) ZE R T 35 -60 m, H AT & A8 ]

R — > B (40 m), JLBLIE &0 IR B A R4
) 50 A 1 5 o
References

BABEDI L, VON DER HEYDEN B P, TADIE M, et al. , 2023. Trace ele-
ments in pyrite from five different gold ore deposit classes: a review and

meta-analysis[M]/TORVELA T, LAMBERT-SMITH J S, CHAPMAN

R J. Recent advances in understanding gold deposits: from orogeny to al-
luvium. London: Geological Society of London: 47-83.

BAJWAH Z U, SECCOMBE P K, OFFLER R, 1987. Trace element distribu-
tion, Co: Ni ratios and genesis of the Big Cadia iron-copper deposit, New
South Wales, Australia[J]. Mineralium Deposita, 22(4): 292-300.

CAO G S, ZHANG Y, CHEN H Y, 2023. Trace elements in pyrite from oro-
genic gold deposits: Implications for metallogenic mechanism[J]. Acta
Petrologica Sinica, 39(8): 2330-2346. (in Chinese with English abstract)

CAO G S, ZHANG Y, ZHAO H T, et al., 2023. Trace element variations of
pyrite in orogenic gold deposits: Constraints from big data and machine
learning[J]. Ore Geology Reviews, 157: 105447.

CAOMP, YAO J M, DENG X H, et al., 2017. Diverse and multistage Mo,
Au, Ag-Pb-Zn and Cu deposits in the Xiong'er Terrane, East Qinling:
from Triassic Cu mineralization [J]. Ore Geology Reviews, 81: 565-574.

CHEN Y J, SANTOSH M, 2014. Triassic tectonics and mineral systems in
the Qinling Orogen, central China[J]. Geological Journal, 49(4-5): 338-
358.

COOK N J, CHRYSSOULIS S L, 1990. Concentrations of invisible gold in
the common sulfides[J]. The Canadian Mineralogist, 28(1): 1-16.

DEDITIUS A P, REICH M, KESLER S E, et al., 2014. The coupled geo-
chemistry of Au and As in pyrite from hydrothermal ore deposits[J].
Geochimica et Cosmochimica Acta, 140: 644-670.

DENG Y, ZHANG J, ZHONG R C, et al., 2024. Application of principal
component analysis method based on machine learning to gold deposit
type discrimination: a case study of the geochemical characteristics of
pyrite[J]. Acta Petrologica Sinica, 40(6): 1801-1816. (in Chinese with
English abstract)

DI P F, TANG Q Y, LIU D X, et al., 2023. Trace element geochemistry of
pyrite and its significance in the Gannan district, West Qinling: A case
study from the Jiagantan and Zaozigou gold deposits[J]. Chinese Rare
Earths, 44: 140-154. (in Chinese with English abstract)

DING P C, WANG Z Q, GUO Q Q et al. , 2020. Mineralization and enrich-
ment characteristics and deep prospecting prospect evaluation of the

Miaoling-Jiuzhanggou gold metallogenic belt in Henan Province[J].


https://doi.org/10.18654/1000-0569/2023.08.06
https://doi.org/10.18654/1000-0569/2023.08.06
https://doi.org/10.1016/j.oregeorev.2023.105447
https://doi.org/10.1016/j.oregeorev.2016.02.014
https://doi.org/10.1002/gj.2618
https://doi.org/10.1016/j.gca.2014.05.045
https://doi.org/10.18654/1000-0569/2024.06.07

%1

RUEEE , 45 B UGLT G PR BB MR 1L BT X -

Gold, 41(10): 7-12, 18. (in Chinese with English abstract)

HE X Y, WANG C M, YUAN J M, et al., 2019. Mesozoic Au-Mo metallo-
genic system in the Xiong'ershan-Waifangshan ore field[J]. Earth Sci-
ence Frontiers, 26(5): 33-52. (in Chinese with English abstract)

LARGE R R, DANYUSHEVSKY L, HOLLIT C, et al., 2009. Gold and trace
element zonation in pyrite using a laser imaging technique: implications
for the timing of gold in orogenic and Carlin-style sediment-hosted depos-
its[J]. Economic Geology, 104(5): 635-668.

LIH, YU B, WEILJ, et al., 2021. Research on prediction of hidden ore bodies
at depth in exploration (new) areas using structural superimposed halos
and a reference practical ideal model[J]. Geology and Exploration, 57(2):
351-359. (in Chinese with English abstract)

LI H B, ZENG F Z, 2005. The pyrite’s typomorphic characteristics in gold
deposit[J]. Contributions to Geology and Mineral Resources Research,
20(3): 199-203. (in Chinese with English abstract)

LI H B, 2005. The discussion about genesis of Jiuzhanggou gold deposit of
Henan[J]. Resources Environment & Engineering, 19(1): 16-22, 58. (in
Chinese with English abstract)

LIJJ, HEY L, FU C, et al., 2016. Metallogenic characteristics and potential
analysis of the Yuxi Au-Mo-W-Pb-Zn-Ag-Fe-bauxite-graphite metallo-
genic belt in Western Henan[J]. Acta Geologica Sinica, 90(7): 1504-
1524. (in Chinese with English abstract)

LI W, COOK N J, XIE G Q, et al., 2019. Textures and trace element signa-
tures of pyrite and arsenopyrite from the Gutaishan Au-Sb deposit, South
ChinalJ]. Mineralium Deposita, 54(4): 591-610.

LI X H, FAN HR, XIE H L, et al., 2022. Geochronology, ore-forming pro-
cesses and fluid sources of the Qinglonggou gold deposit, North Qaidam
(NW China): Constraints from in-situ U-Pb dating of monazite and geo-
chemistry of pyrite [J]. Ore Geology Reviews, 149: 105093.

LIU S Y, ZHANG D, YANG M J, et al., 2024. Characteristics of chlorites
from the Haopinggou Ag-Au polymetallic deposit in the Xiong'ershan ore
concentration area and its exploration implications[J]. Journal of Geo-
mechanics, 30(1): 129-146. (in Chinese with English abstract)

LIUW Y, LIUJ S, HE M X, et al., 2018. Geochemical features of Au-Ag
polymetallic deposits in Xiong'ershan ore district of western Henan and
their geological significances[J]. The Chinese Journal of Nonferrous
Metals, 28(7): 1401-1417. (in Chinese with English abstract)

LIU Y G, DING P C, XU J W et al., 2022. Discussion on genesis of Fy ore-
bearing structure in Miaoling-Jiuzhanggou gold belt in Songxian, Henan
Province [J]. Gold, 43(8): 5-9. (in Chinese with English abstract)

NAGLIK B, TOBOLA T, DUMANSKA-SLOWIK M, et al., 2022. Multi-
stage ore forming history of the Variscan porphyry Mo-Cu-W Myszkow
deposit (Poland): Evidence from trace elements of pyrite[J]. Ore Geo-
logy Reviews, 150: 105185.

PATON C, HELLSTROM J, PAUL B, et al., 2011. Iolite: Freeware for the
visualisation and processing of mass spectrometric data[J]. Journal of
Analytical Atomic Spectrometry, 26(12): 2508-2518.

QINJQJ,QUW X, ZHOU Y L, et al., 2022. Vertical zoning characteristics
and deep prediction of primary halo in Jiuzhanggou gold deposit, West-
ern Henan Province[J]. Mining Technology, 22(6): 202-206. (in Chinese

with English abstract)

QINJQ,QU W X, ZHOU Y L, et al., 2019. Geological characteristics of Ji-
uzhanggou gold deposit in Song County, Henan Province and prospects
for deep prospecting[J]. Advances in Geosciences, 9(6): 429-436. (in
Chinese with English abstract)

REICH M, KESLER S E, UTSUNOMIYA §, et al., 2005. Solubility of gold
in arsenian pyrite[J]. Geochimica et Cosmochimica Acta, 69(11): 2781-
2796.

REICH M, SIMON A C, DEDITIUS A, et al., 2016. Trace element signature
of pyrite from the Los Colorados iron oxide-apatite (IOA) deposit, Chile:
a missing link between Andean IOA and iron oxide copper-gold
systems?[J]. Economic Geology, 111(3): 743-761.

RILEY J F, 1968. The cobaltiferous pyrite series[J]. American Mineralogist,
53(1-2): 293-295.

SHEN J F, LI S R, HUANG S F, et al., 2021. The decennary new advances
on the genetic mineralogy and prospecting mineralogy(2010-2020)[J].
Bulletin of Mineralogy, Petrology and Geochemistry, 40(3): 610-623. (in
Chinese with English abstract)

SHENG Y M, TANG L, ZHANG S T, et al., 2022a. Distal gold mineraliza-
tion associated with porphyry system: the case of Hongzhuang and Yuan-
ling deposits, East Qinling, China[J]. Ore Geology Reviews, 142:
104701.

SHENG Y M, TANG L, ZHANG S T, et al., 2022b. Influence of fluid-rock
interaction on gold mineralization in the Dongwan deposit, East Qinling,
China: constraints from systematic sulfur isotope and trace element geo-
chemistry [J]. Ore Geology Reviews, 142: 104718.

SPRINGER G, SCHACHNER-KORN D, LONG J V P, 1964. Metastable sol-
id solution relations in the system FeS,-CoS,-NiS,[J]. Economic Geo-
logy, 59(3): 475-491.

TIAN G, ZHANG C Q, PENG H J, et al., 2014. Petrogenesis and geodynam-
ic setting of the Chang’an gold deposit in southern Ailaoshan metallogen-
ic belt[J]. Acta Petrologica Sinica, 2014, 30(1): 125-138. (in Chinese
with English abstract)

TIANY F, SUNJ, YE H S, et al., 2017. Genesis of the Dianfang breccia-hos-
ted gold deposit, western Henan Province, China: constraints from geo-
logy, geochronology and geochemistry[J]. Ore Geology Reviews, 91:
963-980.

TIAN Y F, YE H S, MAO J W, et al.,, 2019. Geochronology and geochem-
istry of the Dianfang gold deposit, western Henan Province, central
China: Implications for mineral exploration[J]. Ore Geology Reviews,
111: 102967.

WANG B Q, SONG Y, LI F Q, et al. , 2023. Study on element content and
thermoelectrie properties of pyrite in porphyry copper-gold metallogenic
system. Geological Review, 69(S1): 193-194. (in Chinese with English
abstract)

WANG MY, LI J, SONG M C, et al., 2023. The metallogenic mechanism of
the Dadengge gold polymetallic deposit in the Jiaodong Peninsula: Con-
straints from pyrite Rb-Sr dating, in situ S isotope and trace elements [J].
Acta Petrologica Sinica, 39(5): 1501-1515. (in Chinese with English ab-

stract)


https://doi.org/10.2113/gsecongeo.104.5.635
https://doi.org/10.1007/s00126-018-0826-0
https://doi.org/10.1016/j.oregeorev.2022.105093
https://doi.org/10.1016/j.oregeorev.2022.105185
https://doi.org/10.1016/j.oregeorev.2022.105185
https://doi.org/10.1016/j.oregeorev.2022.105185
https://doi.org/10.1039/c1ja10172b
https://doi.org/10.1039/c1ja10172b
https://doi.org/10.12677/AG.2019.96048
https://doi.org/10.1016/j.gca.2005.01.011
https://doi.org/10.2113/econgeo.111.3.743
https://doi.org/10.1016/j.oregeorev.2022.104701
https://doi.org/10.1016/j.oregeorev.2022.104718
https://doi.org/10.2113/gsecongeo.59.3.475
https://doi.org/10.2113/gsecongeo.59.3.475
https://doi.org/10.2113/gsecongeo.59.3.475
https://doi.org/10.1016/j.oregeorev.2017.08.011
https://doi.org/10.1016/j.oregeorev.2019.102967
https://doi.org/10.18654/1000-0569/2023.05.17

73 ¥R 55 54 https://journal.geomech.ac.cn 2025

WANG X H, GUO T, LI X Z, et al., 2022. A study on the geochemical char-
acteristics and metallogenesis of the Lanmugou gold deposit in the South
Qinling Belt, Shaanxi, China[J]. Journal of Geomechanics, 28(3): 464-
479. (in Chinese with English abstract)

WANG X M, SUKF, SUN H S, et al. , 2013. Study on the metallogenic set-
tings and gold metallogenic regularity of Dongwan-Huaishuping ore de-
posit in Songxian County, Henan Province[M]. Wuhan: China Uni-
versity of Geosciences Press. (in Chinese)

WANG Y, WANG D H, WANG C H, 2024. Quantitative research on metal-
logenic regularity of gold deposits in China based on geological big
data[J]. Earth Science Frontiers, 31(4): 438-455. (in Chinese with Eng-
lish abstract)

WANG Y H, HAN D, PAN B D, et al., 2022. Characteristics and ore-form-
ing material source of gold minerals in Jiuzhanggou gold deposit, Henan
Province [J]. Gold, 43(7): 3-8. (in Chinese with English abstract)

WILSON S A, RIDLEY W I, KOENIG A E, 2002. Development of sulfide
calibration standards for the laser ablation inductively-coupled plasma
mass spectrometry technique[J]. Journal of Analytical Atomic Spectro-
metry, 17(4): 406-409.

YAN CH, LI X L, HAN J W, 2021. New understanding of gold polymetallic
mineralization in Xiong'er mountain ore concentration area[J]. Metal
Mine(5): 1-12. (in Chinese with English abstract)

YAN Y T, LI SR, JIA B J, et al., 2012. Composition typomorphic character-
istics and statistic analysis of pyrite in gold deposits of different genetic
types [J]. Earth Science Frontiers, 19(4): 214-226. (in Chinese with Eng-
lish abstract)

YANG D P, LIU P R, SONG Y X, et al., 2023. Trace element characteristics
of pyrite in Qujia gold deposit, Laizhou, Shandong Province, and its im-
plication on metallogenic process[J]. Acta Petrologica et Mineralogica,
42(6): 788-808. (in Chinese with English abstract)

ZHANG H Y, ZHAO Q Q, ZHAO G, et al., 2022. In situ LA-ICP-MS trace
element analysis of pyrite and its application in study of Au deposit[J].
Mineral Deposits, 41(6): 1182-1199. (in Chinese with English abstract)

ZHANG W, WU G, 2007. Structure analysis for ore body controlling of Jiuz-
anggou gold deposit in Henan[J]. Nonferrous Metals, 59(2): 70-74. (in
Chinese with English abstract)

ZHANG Y, LI S P, JING P, et al., 2024. Geochemical characteristics and ex-
ploration model of the Jiuzhanggou gold deposit, Songxian County, Hen-
an province[J]. Gold Science and Technology, 32(2): 258-269. (in
Chinese with English abstract)

ZHANG Z M, ZENG Q D, WANG Y B, et al., 2023. Metallogenic age and
fluid evolution of the Kangshan Au-polymetallic deposit in the southern
margin of the North China Craton: Constraints from monazite U-Pb age,
and in-situ trace elements and S isotopes of pyrite[J]. Acta Petrologica
Sinica, 39(3): 865-885. (in Chinese with English abstract)

ZHOU L H, FENG R, 1994. The application of pyrite prospecting-miner-
alogy to prospective value in Bainaimiao gold deposites[J]. Journal of
Changchun University of Earth Sciences, 24(3): 265-270. (in Chinese
with English abstract)

ZHOU X W, SHAO J L, BIAN Q J, 1994. Study on typomorphic characterist-

ics of pyrite from Dongbeizhai gold deposit, Sichuan Province[J]. Earth
Science-Journal of China University of Geosciences, 19(1): 52-59. (in
Chinese with English abstract)

ZHOU Z J, CHEN Z L, WEYER S, et al., 2023. Metal source and ore precip-
itation mechanism of the Ashawayi orogenic gold deposit, southwestern
Tianshan Orogen, western China: Constraints from textures and trace ele-
ments in pyrite [J]. Ore Geology Reviews, 157: 105452.

ZHU H L, YANG X K, HE H J, et al., 2023. Discrimination of gold deposit
types based on convolutional neural network and pyrite big data[J]. Acta
Geologica Sinica, 97(10): 3396-3409. (in Chinese with English abstract)

ZHU S Z, CHU Z B, JIN G, et al., 2022. Geological characteristics and genet-
ic mechanism of Jiuzhanggou gold deposit in southwest Henan
Province[J]. China Manganese Industry, 40(2): 72-78. (in Chinese with

English abstract)

Fft o 325 22 3k

AR, 5K T7, MRAE S, 2023, 1 1L R 4 B R B 8k 0T 0 Bk o O R
B 895 78 D] & A %44, 39(8) = 2330-2346.

AR, ol e, Bl H R, S, 20240 3 F LA 2= 04 3 L4 40 AT 07 Ik AR
A 2B ) v B L s DA B R T OC 2 R Ak A R AE SRy 4] (0]
A1 %R, 40(6) : 1801-1816.

SR, TR HE, XU AR I, 4F, 2023, T4 28 04 H X 4 B K B Bk
itk 0 3 M R Ak 2 R F R RE SCe DL RE AR 3 4 5
[J]. B 1=, 44(4): 140-154.

TR, TR, SREIR, 4, 2020. T #4516 — LB 4 6
1w R KRR I FOP M (0], B4, 41(10): 7-12, 18.
BT, FRW, 2AkW, 4, 2019, AR F L — 41 U7 b 4 X P A AR

Au-Mo ™ Z 48 (1], #2412k, 26(5) : 33-52.

ZRET 4%, 2005, T 7 w5 E U0 S 0 R B R R (0. W B S T
&, 19(1): 16-22, 58.

LI, W JLIA, 2005, 407 Y B R bR SRR AE (], 30 R TR
M, 20(3): 199-203.

A8, @, ARV, 4F, 2021 W) A (BT ) IR 3 & n 4 W5 O TR R T
T 2 B8 S FH PR ARSE A (7], b 53 5 B, 57(2) 2 351-359.

R, KR, T, %, 2016. B ¥ Au-Mo-W-Pb-Zn-Ag-Fe-#% + 4" -
A T M L RR AR BV 4y Bt L30T A
90(7): 1504-1524.

XM, BRak, b WA, 25, 2024, & B LU B4 X PRI Ag-Au £ 4
JB W R G U AR AR B LR T B SO0 A Ak AR, 30(1):
129-146.

XU SCH, KULRIG, f] 25 7, 45, 2018 RPERE T I X &4 2 &8
TR 3K Ak 2 A K Hb 5 7 (I b AT (4 2 4, 28(7):
1401-1417.

XER, T, e, %, 2022 WA &L HEE—Juihn 4o
i F & 07 8 B R R (J]. %5 4x, 43(8): 5-9.

ZF 5, AR, TR, 45, 2019, W 4 & B L8 & 5 b 4
TE KRR H 7 i 5 (7], M BR AL 2 W, 9(6) : 429-436.

ZZEN, MR, TR, 48, 2022, BTG JUAL VA 4 R IR A 2 1)
A3l AR B SR B0 (30, SR AR, 22(6) 1 202-206.


https://doi.org/10.1039/B108787H
https://doi.org/10.1039/B108787H
https://doi.org/10.1039/B108787H
https://doi.org/10.18654/1000-0569/2023.03.14
https://doi.org/10.18654/1000-0569/2023.03.14
https://doi.org/10.1016/j.oregeorev.2023.105452
https://doi.org/10.18654/1000-0569/2023.08.06
https://doi.org/10.18654/1000-0569/2024.06.07
https://doi.org/10.11792/hj202001002
https://doi.org/10.3969/j.issn.1671-1211.2005.01.004
https://doi.org/10.3969/j.issn.1671-1211.2005.01.004
https://doi.org/10.3969/j.issn.1001-1412.2005.03.011
https://doi.org/10.3969/j.issn.1001-1412.2005.03.011
https://doi.org/10.12134/j.dzykt.2021.02.010
https://doi.org/10.3969/j.issn.0001-5717.2016.07.017
https://doi.org/10.12090/j.issn.1006-6616.2023121
https://doi.org/10.11792/hj20220802
https://doi.org/10.3969/j.issn.1671-2900.2022.06.049

%1 A, % BUILIOA &R

TR M BR A 2 AR R T T S 79

MR G, 25 PR, 25 4R, 4, 2021 IR 9 2% 5 #0225
BEJEE (2010—2020) [J]. 5% & 0 Mo Bk AL 2= 38 42, 40(3) - 610-623.

B, kKT, B, %, 2014 WK 2 &0 B ALE & sh h
R Ok B LA-ICP-MS 5 47 U-Pb 7 4F F1 8 £k 6™ JFUAL
JCFE M E Y UEHE (1], 4 A 4, 30(1): 125-138.

TR, R, ZERNF, %, 2023, BEA W & 05 R G b #4071 o
F o 5 R RIS 0], USSP, 69(S1): 193-194.

ERT, BER, RV, 5, 2023 KR KR 4 £ &80 KB L
il : B [ B Rb-Sr & 4F | JELALBR IF] 432 3 K Bt o 3R Y 2
1. 5102441, 39(5) : 1501-1515.

EWEHE, %, RO, %, 2022, B %8 04 04 K T 4 07 R B BR Ak 2
AE 507 R S PR A 52 (0], Hb T 77 2% 24 4, 28(3) = 464-479.

TR, UL, PN, AE, 2013, VA g 4 i B AR VS AR A BE T IX K
PR B8 S 4 07 ML BF T (M. BT vl [ K o R

T, TBLL, TME, %, 2024, 5T MR R B0HE B9 B 4 i A
Sy A B TS D). Mi2£ AT 2%, 31(4) : 438-455.

LR, SR, WBAIR, &, 2022, R A LI &1
Ky o ok W5 7] 85 42, 43(7): 3-8.

eI HE, 250 Je, BEVLAE, 4, 2021 REH LT E X & 2 4B WA
JLEHIANR . &8 a1l (5) : 1-12.

U, 2R SR, BT O, 4E, 2012, Hp R [ IR 260 4 T R G 3

IR &8 W) 5 4iF

BRI o AR B RRAE X S8 153 # (D). s 22 i 2%, 19(4) : 214-226.
B 4857, X0 3, RIS, 2023, ILZR SEM M K 40 %0 =
TD%TXTBU!J“ AR AR R (] A A0 aF 2%, 42(6) : 788-808.

SR LT RN, B R, R R, 4F, 2022, B KT i T E LA-ICP-MS JE ik
ﬁzéﬂfﬁ%ﬂﬁfiﬂ PR B 5 b B L LI, A R M R,

41(6): 1182-1199.

KA, LT, 2007 W B A JUSL I S ET B E S D). B A8 )E,
59(2): 70-74.

IR, IR, 4, 2024 0 1 v B U AL VA 4 R Hb BR fh 2
k5 A ] 2 B B R R, 32(2): 258-269.

AT H, 8RR, EkM, 4, 2023 AR E R E L & 2 &R
W R U I AR B A B A SR U A7 U-Ph 4RI | TR T
JCHE AL S [ 47 % ] 29 [I]. %5 4144z, 39(3): 865-885.

JRISE i, 1994, Bk Fe T W A 1 T i A T R SR T A
w00 A% 3 b T 2 B 2 4L 24(3) 1 265-270.

JE 2B, BTG, R, 1994 DU 1A W AR 6 28 4 0 AR bR R A
TERF 5T (3. 1Lﬂ%ﬂ*“~-44mﬂjjc*‘?%}ﬁ 19(1): 52-59.

RS, R, TR A, 45, 2023, 3% T 45 BURR 2 I 4% A 3 2k K
B F ) 4 2 R[], BT 24T, 97(10) : 3396-3409.

SRBE M, A R, AN, S, 2022, 3 g LA 4 T R

B R L0, P B 460l 40(2) 2 72-78.

AR KA


https://doi.org/10.18654/1000-0569/2023.05.17
https://doi.org/10.12090/j.issn.1006-6616.2021002
https://doi.org/10.11792/hj20220702
https://doi.org/10.18654/1000-0569/2023.03.14

	0 引言
	1 矿床地质特征
	2 样品采集及测试方法
	2.1 样品采集
	2.2 测试方法
	2.2.1 矿物主量元素分析
	2.2.2 矿物微量元素分析


	3 研究结果
	3.1 黄铁矿矿相结构特征
	3.2 黄铁矿主量元素特征
	3.3 黄铁矿微量元素特征

	4 分析与讨论
	4.1 黄铁矿微量元素对矿床成因的指示
	4.2 黄铁矿元素空间变化规律及成矿预测

	5 结论
	参考文献

