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LIU PengRui, YANG DePing, SONG YingXin, SHU Lei and LIU JiMei
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Abstract

The 3266.06 m deep drilling completed in Wuyi Village, Laizhou, Jiaodong is the deepest ore-finding bore-
hole in Jiaojia metallogenic belt at present. It holds great significance in studing the occurrence of gold and the
composition of trace elements of pyrite in the deep ore revealed by the borehole, revealing insights into deep min-
eralization evolution. Detailed petrographic and mineralogical studies were carried out on rock core samples ob-

tained from 2420 to 3206 m vertical depth in deep drilling. The occurrence and composition of gold minerals in ores
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were examined using scanning electron microscope(SEM) and electron probe micro analysis(EPMA). LA-
ICPMS analysis was performed on trace elements in pyrite from different ore-forming stages. The results indicate
that the main gold-bearing minerals are pyrite, followed by quartz, chalcopyrite, galena. The visible gold mainly
exists in the form of natural gold and electrum, mainly in the form of crystal interface gold and fissure gold, sec-
ondly inclusion gold in the deep Jiaojia metallogenic belt. Compared with the shallow areas of the metallogenic
belt, the deep gold exhibits higher fineness. Pyrite can be classified into six types: Co-rich Pyl formed in the first
ore-forming stage, Ni-rich Py2a and Py2b formed in the second ore-forming stage, and Au, As-rich Py3a and Au,
Ag, Pb, Bi-rich Py3b formed in the third ore-forming stage, Py4 with poor trace elements was formed in the
fourth ore-forming stage. Pyl and Py2a are strongly crushed and the fracture surfaces adsorb Au complexes in the
hydrothermal solution, which plays a crucial role in gold precipitation and enrichment. Trace elements such as
Co, Ni and As in pyrite are primarily in the form of isomorphism, while Au, Ag, Cu, Pb, Zn and Bi mainly exist
as nano-scale and micron scale mineral inclusions. Pb+Bi, Cu+Pb+Zn, Te+Bi are positively correlated with Au+
Ag, while Au shows a weak correlation with As. The trace element characteristics of pyrite indicate the multi-ori-
gin of ore-forming hydrothermal fluid and ore-forming materials which are mixed sources of Precambrian meta-
morphic basement rocks, Mesozoic magmatites and a small amount of mantle materials.The content of Co and Ni
in pyrite is low, while the content of Aut+Ag+As or Aut+Ag+Pb+Bi+Cu is high, indicating favorable mineraliza-
tion. In addition, the content of Co and Ni in pyrite is high, and the crushing is strong, and the content of ore-
forming related elements is high, indicating that the mineralization is favorable.

Key words: gold occurrence, pyrite, LA-ICPMS, characteristics of trace elements, deep Jiaojia gold metallo-

genic belt, Jiaodong
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Fig.1  The regional geological map of the Jiaojia gold metallogenic belt(after Yu et al., 2019)
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1—Quaternary; 2—Cretaceous granodiorite of Guojialing sequence; 3—1Jurassic biotite monzonitic granite of Linglong sequence; 4—Neoarchean
gneissic tonalite of Qixia sequence; 5S—Neoarchean metagabbro of Malian Zhuang sequence; 6—Measured and inferred fault; 7—Measured

alteration zone; 8—Inferred alteration zone; 9—Position and depth of ZK01 deep hole; 10—Gold deposits
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Fig.2 The geological section and sampling position of deep hole ZKO01 in Wuyi Village area
1—Quaternary; 2—Jurassic biotite monzonitic granite of Linglong sequence; 3—Neoarchean gneissic tonalite of Qixia sequence; 4—Neoarchean
metagabbro of Malian Zhuang sequence; 5—Diorite porphyrite; 6—Beresitized cataclastic granite; 7—Beresitized granitic cataclasite; 8—Bere-
sitized cataclasite; 9—Phyllic granitic cataclasite; 10—Phyllic granite; 11—Gold orebody; 12—Main fracture surface; 13—Measured and

inferred geological boundary; 14—Borehole; 15—Sampling point and number
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Fig.3 Types of gold ore in ZK01 deep hole in Wuyi Village area
a, b. Beresitized cataclastic granite, pyrite veinlets develop and gold occurs in them; ¢, d. Beresitized granitic cataclasite; e, f. Beresitized cataclasite
The rock is grayish white, broken strongly to form granulitic rock, and powdery rock, beresitized, quartz and pyrite are distributed in net veinlets

Py—Pyrite; Qtz—Quartze; Ser—Sericite
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Fig. 4 Gold metallogenic stage in deep in Wuyi Village area
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Fig.5 Microscopic distribution characteristics of gold minerals in gold ore in ZK01 deep hole in Wuyi Village area

a. The gold minerals of stage Il mineralization are distributed in the cracks of pyrite in the form of horn-granular and flake and in the aggregates of

quartz and sericite in the cracks of pyrite; b. The gold minerals of stage Il mineralization are distributed in the cracks of pyrite in the form of flake,
branch and wheat grain, and the round granular inclusion gold can be seen in the upper part of the photo; c. The rounded granular inclusion golds in
pyrite of stage Il mineralization; d. Horn-granular inclusion gold in pyrite and quartz, crystal interface gold between pyrite and quartz grains of stage
Il mineralization; e. The gold minerals of stage Il mineralization are associated with chalcopyrite and galena and distributed among pyrite particles;

f. The gold minerals of stage Il mineralization are distributed in quartz and sericite; g. The gold minerals of stage Il mineralization are horn-granu-

lar, along with quartz and sericite, distributed in the cracks of pyrite,and the tellurbismuthite and tetradymite are intercrystalline in the cracks of
pyrite; h. Natural bismuth intergrowth with galena, chalcopyrite and quartz; i. The gold minerals of stage Il mineralization are distributed
in the form of flake and linear gold with width less than 1 pum in the cracks of pyrite
a~h—Micrograph under reflected light; i—SEM backscattered component image
Py—Pyrite; Ccp—Chalcopyrite; Gn—Galena; Au—Gold mineral; Tel—Tellurbismuthite; Tetr—Tetradymite; Bsm—Natural bismuth; Qtz—Quartz
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Table 1 Statistics of occurrence characteristics of gold minerals in ZK01 deep hole in Wuyi Village area
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Table 2 The EPMA analysis results of gold minerals in difference mineralization stages in deep hole ZK01 in Wuyi

Village area
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B IR 44540, 1 52 0 i A8 A R i, UL SR 4 s e, 585 1L A0 B B ST A B k0™ (Py2a) 52 0 0 7 IR WG 24 25 ), 585 11 ™ B B 1)
SRR S AN DK (Py2b) 284 5 €. 55 1A B BEW T ) BBk (Py2b ) , S R ide IS IEE 240, i DL A - I MASURE , 55 Bt 5 . 365 T i B

P BLERA (Py2a) 32 00 JI A , 205 vh S0 L B m B0l O 4500 DN BT K0, Rl oA 565 T B Ak 1 3 k™ (Py3b) s h. 28 AR,
B Beny BERCR B (Py3a) , MOKLI) 2345 A S 67 R 807 5 1. 58 DA™ B BOR I BB RORE R (Py3a) , SRAVKLSE S 1A, Sk o Bk3E

A A e R o
Py—H{ERAT s Cop—BUHAT ; Gn—Jr Y™ s Au—8: 0 W5 Qtz— A1 94 ; Ser—4H o 1 2L (W — ROl il it
Fig.6 Characteristics of pyrites of different generations in deep hole ZK01 in Wuyi Village area

a.The pyrite(Py1) of the first ore-forming stage is distributed in the beresite in the form of fine grain dissemination; b. Pyrite(Py1) formed in the first
mineralization stage was subjected to late stress to form cataclastic structure; c. Pyrite(Py2a) formed in the early second mineralization stage was sub-
jected to stress to form cataclastic structure; d. Pyrite(Py1) formed in the first mineralization stage and pyrite(Py2a) formed in the early second miner-
alization stage formed cataclastic structure under the stress and was superimposed by late alteration, containing more fissure gold; e. The pyrite(Py2a)

formed in the early second mineralization stage was subjected to stress to form cataclastic structure,which was cross cut by beresite veinlets(Py2b)
formed in the late second mineralization stage; f. Pyrites(Py2b) formed in the second mineralization stage are slightly broken, fine grained, common
pentagonal dodecahedral crystal, and contain interstitial gold; g. The pyrite(Py2a) formed in the second mineralization stage is broken by stress, and
the cracks are filled with chalcopyrite, galena, sphalerite and gold minerals formed in the third mineralization stage, surrounded by the fine grained
euhedral pyrite(Py3b) of the third mineralization stage; h. The euhedral granular pyrite(Py3a) formed in the third mineralization stage, there are chal-

copyrite and electrum among the pyrite particles; i. The euhedral granular pyrites(Py3a) formed in the third mineralization stage are in the form of

fine aggregate, and is symbiotically distributed in granulitic rock with hydromica

Py—Pyrite; Ccp—Chalcopyrite; Gn—Galena; Au—Gold mineral; Qtz—Quartz; Ser—Sericite; Red circles—Laser denudation pit
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3 R—FHiX ZKOURALAFARH K EEHT LA ICPMSHETESTER

Table 3 LA-ICPMS analysis results of trace elements in different generations of pyrite in deep hole ZK01 in Wuyi

Village area

w(B)/107°
WAL PR S X .
Au Ag Cu Pb Zn As Sb Bi Se Te Co Ni
279-1-1 < 3.86 19.04 46.95 1.87 7.11 0.43 23.64 < 0.57 2168.58  101.09
279-1-4 < 2.83 20.47 25.00 2.19 7.02 < 25.42 30.49 1.81 2859.34  221.33
279-1-3 0.14 0.05 < 0.60 6.51 9.89 < 3.10 4.38 0.29 2098.24  82.15
279-1-2 0.03 < 5.96 0.23 5.40 0.64 < 0.04 < < 1817.29  97.55
b10-2-3 0.02 0.02 < < 3.14 16.76 0.01 0.04 4.77 0.16 2283.78  28.08
b13-1 0.21 0.68 3.87 4.58 8.83 57.65 0.18 17.35 3.54 < 162.39 45.97
b13-2 0.07 0.56 0.63 14.44 1.38 114.52 0.07 13.93 16.22 < 745.82 65.20
bl14-1-1 0.02 < 0.67 0.23 5.18 41.09 < 0.05 < 0.18 657.12 13.83
g44-3-1 0.13 0.49 5.54 36.38 < 11.02 0.34 20.43 5.62 0.91 23593 17432
Pyl b18-0-1 < 0.04 1.16 2.13 4.15 197.22 0.08 2.56 < 0.18 663.88 79.84
239-1-6 < < 1.48 0.36 6.58 185.59 0.03 0.07 11.87 < 309.10 23.50
w5-1-1 0.15 0.22 7.97 13.32 0.58 39.33 0.01 19.27 4.38 0.23 1648.24  509.60
wo6-2-1 0.17 0.26 10.37 45.98 0.03 42.71 3.37 10.61 9.44 0.02 2220.70  771.25
w6-3-1 3.81 5.20 8.42 520.16 0 127.64 0.09 46.42 4.98 0.93 1211.95 467.20
w6-3-2 0.75 2.94 7.58 144.95 0 86.23 0.10 49.25 4.57 1.15 1360.33  552.12
gl-1-1* 0.04 < < 0.21 3.59 14.63 0.04 0.01 < < 4804.28  68.66
gl-1-2% 0.35 14.51 27.09  3295.90 2.64 28.11 0.23 60.79 101.25 0.93 1194.60 1404.24
gl-2-1%* < 0.09 5.05 2.56 1.82 5.24 0.14 0.25 44.26 < 3524.02  1059.69
wo6-1-2 0.03 0.00 0.25 0.64 0.35 29.50 0.02 3.69 4.62 0.17 204.11 148.62
w5-1-2 4.12 155.92 11.48 10.57 0 17.55 0.03 32.71 8.27 2.06 266.14  248.90
w5-1-3 0.28 2.09 3.88 10.37 0.20 45.03 0.02 12.73 7.76 0.28 171.67  974.35
w2-3-1 0.08 0.86 6.91 1.98 0 52.19 0.02 3.69 10.32 0.83 204.41  345.23
w2-1 0.05 0.19 7.94 1.71 0 21.68 0.03 17.56 1.67 0.64 44899  457.59
w2-3-2 0.02 0.26 0.27 0.47 0.27 10.15 0.01 0.13 7.20 0.17 123.66  304.47
b20-1-1 0.45 3.65 41.59 8.14 0 26.48 0.03 38.01 0.28 0.75 460.25  426.31
b20-1-2 0.28 1.25 6.73 8.63 0.30 99.43 0.01 3.93 4.36 0.09 896.31  524.92
b20-2-4 0.12 0.00 4.30 6.36 0.84 38.41 0 521 9.13 0.32 118.49  714.48
w4-3-1 2.55 17.24 182.82 68.93 4.14 43.96 0.37 39.39 1.36 0.86 318.32  509.24
w4-1 0.20 3.99 10.72 26.46 0 52.63 0.27 12.58 5.93 0.16 202.36  301.19
237-1-1 0.40 4.37 10.45 30.11 < 27.40 0.24 12.07 < 1.05 423.10  410.35
237-2-2 0.62 0.35 8.86 3.27 1.68 80.83 0.05 51.50 9.41 1.31 506.35  350.01
Py2a b19-1-1 1.12 15.12 29.73 901.09 0.34 72:25 0.42 67.26 1.85 0.72 503.27 163.24
bl14-1-2 0.12 0.52 2.71 30.77 < 528.28 0.45 8.22 10.86 < 342.82  144.51
b20-2-1 1.57 8.81 76.56 71.81 0.35 62.00 0.50 62.72 13.49 3.69 62.81 385.67
b20-2-2 0.45 1.53 20.94 26.22 7.95 50.26 0.20 40.46 7.57 2.36 25.81 406.00
b20-2-3 0.12 0.47 9.51 17.36 0 41.49 0.66 8.37 15.11 1.11 10.64 107.22
g61-1-2 0.44 2.03 11.73 36.84 16.65 20.49 0.16 30.82 43.37 2.53 39.39 284.12
g61-1-1 < < 4.73 0.01 4.89 38.79 < < < 2.61 22.99 132.74
g261-2-1 0.64 2.90 9.40 20.66 4.92 48.80 0.13 13.96 11.85 3.89 25.19 158.38
261-2-2 7.92 25.88 78.09 458.97 < 49.73 0.64 276.26 < 8.85 220.97  921.96
wl-3-1 0 0.13 0.80 0.81 0.52 514.24 0.06 2.98 0 0.85 293.76  213.51
w5-1-4 0.05 0.02 1.76 1.73 0 10.66 0.01 0.62 5.77 0.22 79.83 260.62
239-2-1 0.52 12.75 6.12 211.08 3.04 262.59 0.22 9.30 < < 68.46 457.60
239-2-2 < 1.07 6.46 34.13 1.86 336.64 1.80 2.54 < 0.27 115.07  374.58
w6-2-2 0.82 1.56 3.83 36.65 0 451.65 0.01 7.50 0.16 0.16 400.37  398.67
w6-3-3 0.12 0.32 2.52 12.13 0.87 249.37 0.10 6.13 0.80 0.14 465.77  686.48
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Continued Table 3
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Au Ag Cu Pb Zn As Sb Bi Se Te Co Ni

b15-1-1 < 0.03 2.98 1.64 1.30 78.29 0.01 0.09 1.11 0.10 55.41 <

239-1-1 0.09 0.57 1.24 2.23 0.54 113.76 < 0.29 4.24 < 7.77

£39-1-2 0.71 2.57 16.81 44.62 3.56 68.23 0.27 6.79 4.29 0.31 7.53 3091
b19-1-2 0.17 0.98 7.12 16.22 0.31 121.50 0.24 7.85 1.24 0.10 59.42 121.05
b17-2 0.01 0.12 1.48 4.85 0 205.90 0.08 0.92 0.91 0.04 3.63 2.75
bl17-3 0.16 0.70 139.25 14.86 0 206.65 0.11 11.48 1.88 0.23 6.10 4.51
b18-2-1 0.43 0.84 31.31 59.81 0.24 85.25 3.89 11.35 7.13 0.43 137.97 30.08
Py2b  g44-1-1 0.05 0.61 2.97 37.53 < 13.65 0.10 25.49 30.44 0.82 24.14 78.64
g44-1-2 0.05 0.02 1.06 0.70 5.86 29.60 0.14 2.56 < 0.06 45.12 124.26
g44-1-3 0.03 0.10 0.19 0.66 < 7.28 < 1.02 6.97 < 4.87 27.88
g44-2 1.12 0.12 0.67 8.34 3.44 < 0.03 5.04 < 0.26 9.37 79.40
g45-1 0.46 2.14 9.85 89.32 2.75 14.90 0.07 34.38 3.24 0.36 25.89 30.91
g72-2-1 < 0.09 < 1.13 3.94 10.68 < 2.09 9.73 0.22 61.83 58.47
g72-2-2 0.06 0.66 4.46 28.72 3.97 8.04 < 7.71 7.98 0.25 96.49 85.67
228-2 < 0.22 6.25 24.48 6.51 < 0.66 < < 0.35 45.58 69.91

239-1-3 1.71 8.61 39.81 71.41 5.19 246.26 0.39 11.60 < 1.87 160.10 <
239-1-4 1.04 1.87 21.82 43.59 7.81 272.81 0.32 27.65 < 0.41 62.74 69.88
£239-1-5 < 0.16 7.86 8.61 8.42 690.85 < 1.34 9.19 0.61 41.46 61.46
wl-3-2 0.01 0.24 0.83 0.63 0 438.96 0.06 0.06 2.31 0.25 26.12 6.97
b17-1-1 0.02 0.38 1.05 4.83 0 192.19 0.26 3.12 7.40 0.00 71.96 10.95
b17-1-2 0.00 0.57 1.78 1.61 0 369.40 0.03 3.74 3.67 0.04 64.74 1.92
b18-2 0.08 0.14 1.54 4.81 0 239.71 0.24 11.59 6.45 0.37 31.59 14.35
g37-2-1 0.08 0.17 2.05 8.39 4.52 1759.96 0.18 5.68 < < 6.72 19.94
g37-2-3 0.18 1.74 5.04 34.82 < 1392.54 < 10.82 3.40 < 83.81 24.72

g37-2-4 0.69 3.42 149.46 25.56 5.20 637.83 0.59 1.05 14.16 0.49 5.52 <
g37-2-5 < 0.05 < 0.58 4.02 506.19 0.07 14.27 < 0.10 3.00 12.76
Py3a g37-2-7 < < 0.10 1.94 2.32 273.49 0.16 5.68 8.39 0.51 151.73 137.62
237-2-6 0.12 1.60 9.23 30.33 3.90 2170.63 0.31 10.82 < 0.15 0.21 35.42
237-3-1 < 0.12 2.06 2.20 2.83 1051.70 0.03 1.05 3.45 0.01 0.74 66.08
g37-3-2 0.11 0.47 3.37 8.63 2.36 1743.77 0.25 14.27 4.51 0.30 0.98 29.09
w3-1-1 0.03 0.04 0.45 1.33 0.00 322.35 0.00 1.16 2.05 0.40 7.35 7.94
w3-1-2 0.17 3.22 10.08 35.62 0.04 320.00 0.56 27.84 1.50 0.21 9.72 20.72
w4-3-2 0.08 0.52 126.01 43.53 0 1307.82 0.25 5.48 0.00 0.00 43.65 375.82

bl15-1-2 < < 0.88 < 2.05 1716.02 0.12 0.26 < 1.40 37.41 <

b12-2-1 0.56 4.90 1105.01  171.94 34.28 329.94 12.65 0.53 1.63 0.09 0.01 <
b12-2-2 2.36 12.19 43.93 314.97 7.49 6289.85 8.14 1.57 < 0.37 65.33 139.12
b12-3 0.03 0.43 38.57 7.74 < 339.87 0.48 1.43 12.11 0.20 23.69 1.82
wo-1-1 0.36 2.77 3.46 190.06 1.02 31.03 0.16 563.08 7.89 16.66 84.60 46.71
g45-3 0.97 7.71 16.70 701.61 2.09 23.65 0.00 70.37 < 1.09 4433 11.25

Py3b g45-4 0.51 2.48 11.96 249.87 4.30 10.19 0.73 78.17 16.73 0.65 54.94 <

g28-1-2 0.21 2.20 45.45 510.42 2.03 9.17 20.13 18.00 6.65 0.55 6.00

b18-0-2* 1.07 7.08 291.80  2098.86 1.98 297.27 5.46 47.18 17.80 0.51 127.91 63.26
bl4-2 < 0.91 < 25.95 1.16 99.74 < 6.75 < 0.12 95.58 76.96

Pyd bl1-2 0.06 0.29 11.86 73.41 < < 0.22 0.67 0.07 2.90 <
g45-2 < < 2.81 0.74 4.76 4.71 0.26 0.07 < 48.98 27.29
gl-3-1* < 0.07 < 0.17 4.07 1.80 < 0.10 32.40 < 35.75 246.87
PR 0.02 0.18 3.18 0.02 0.89 0.19 0.11 0.01 9.68 0.01 0.02 1.03

TE<ERIR TR M R " RS IS Gl
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Table 4 Statistical parameters of trace element content of pyrite in different generations in deep hole ZK01 in Wuyi

Village area

AV w(B)/10° Co/Ni  Pb/Bi
Au Ag Cu Pb Zn As Sb Bi Se Te Co Ni
FoME 001 002 063 0.01 0 0.64 0.01 004 354 0 16239 1383 135 0.19
R 381 520 2047 52016 883 19722 337 4925 3049 1.81 2859.34 77125 8133  11.21
Pyl F¥H 037 116 642  57.02 309 6296 033 1548 797 043 136285 21554 17.09  2.84
n=15 WHfifi 007 026 554 1332 2,19 4109  0.07 13.93 484 0.18 136033 97.55 11.44 1.78
FRfES 22 097 168 628 13349 286 6530 085 1604 7.14 054 86656 239.18 21.61  3.04
BSEFE 263 145 098 234 093 1.04 2.59 1.04 090 126 0.64 1.11 1.26 1.07
fe/IME 0 0 0.25 0.01 0 10.15 0 0.01 0 0 10.64  107.22  0.06 0.06
R 7.92 15592 182.82 901.09 16.65 52828  1.80 27626 43.37 8.85 89631 97435 3.08  22.71
Py2a FIfH 082 941 2004 7278 1.80 11723 023 2751 733 129 25076 386.11  0.77 3.20
n=28 Wfifi 028 139 742 1475 039 4927  0.08 10.68 530 0.73 20426 36229  0.61 1.71
FRETT2E 165 2940 37.65 18631 351 156.10 037 5244 815 184 20743 221.83  0.74 5.06
BRFE 200  3.13 1.88 2.56 1.95 1.33 1.58 1.91 111 143 0.83 0.57 0.96 1.58
F/ME S 001 002 0.19 0.66 0 0.10 0.01 001 091 0 3.63 0.52 0.12 0.27
R 112 257 13925 8932 651 20665  3.89 3438 3044 0.82 137.97 12426 107.60 4896.23
Py2b FHME 023 0.65 1515 2234 222 6426  0.39 780 625 024 3941 4970  9.02  330.19
n=15 i 006 057 298 1486 130  29.60  0.08 504 484 023 2589 3091  0.84 2.60
FRUEJF 2 032 077 3530 2602 221 7093 098 9.94  7.19 021 3884 4209 27.53 1263.16
TRFE 144 118 233 1.16 1.00 1.10 2.54 1.27 1.15 090 099 0.85 3.05 3.83
e/ ME 0 0.04  0.10 0.01 0 192.19 0 0.06 0 0 0.01 0.52 0.01 0.04
B 236 12.19 1105.01 31497 3428 6289.85 12.65 27.84 1416 1.87 160.10 375.82 310.88 326.11
Py3a P 033 186 7148 3741 415 102782 115 732 519 035 4084 4721 2101 2748
n=22 PLIfE 0.08 045 421 8.50 234 47258 0.4 461 484 023 2886 17.14 091 1.84
FRfEdi2 0.62 3.1 23428 7279 728 132872 3.08 8.17 340 046 4580 83.86 66.80  78.94
BRAK 186 1.67  3.28 1.95 1.75 1.29 2.69 12 065 1310 1.12 1.78 3.18 2.87
/M 021 220 346 19006 1.02 9.7 0 18.00  4.84' 055  6.00 0.52 1.81 0.34
R 097 771 4545 70161 430  31.03 2013  563.08 16.73 16.66 84.60 4671 106.67 2836
Py3b P 051 379 1939 41299 236 1851 525 18240 9.03 473 4747 1475 31.02 1047
n=4 PQIfH 044 262 1433 380.14 206 1692 044 7427 727 087 49.64 588 7.80 6.58
PR 2 033 262 1822 23742 138 10.64 992 © 25519 529 795 3247 2190 50.61  12.60
TREH 064 069 094 0.57 059 057 1.89 140 059 1.68 0.68 1.49 1.63 1.20
fe/ME 001 009 1.59 074 045  0.10 0.06 007 48 0 2.90 0.52 1.24 3.85
KM 006 091  11.86 7341 476  99.74 026 675 484 0.2 9558 7696 563 110.27
Py4 CFHE 003 043 542 3337 212 3485  0.18 249 484 007 49.15 3492  2.89  41.67
n=3 P 001 029 281 2595 116 471 0.22 0.67 484 007 4898 2729 179  10.90
PR 2 0.03 043 5.61 3690 231 5624 0.1 370 0.00 0.06 4634 3879 239  59.51
BREFRE 107 099 1.04 1.11 1.09 1.61 0.61 148  0.00 094 094 111 0.83 1.43
Fe/ME - 0.00 0 0.10 0.01 0 0.10 0 0.01 0 0 0.01 0.52 0.01 0.04
R 7.92 15592 1105.01 901.09 34.28 6289.85 20.13  563.08 43.37 16.66 2859.34 97435 310.88 4896.23
¥ FHME 048 400 2932 66.71 273 321.63 074 2319 671 0.84 336.68 18381 11.59  67.32
n=87 H{iff 0.12 057  6.12 1444 116 6823  0.10 771 484 027 7196  79.84 1.10 2.07
FRAEJTZE 1.09  17.00 12126 15299 448 78224  2.68 67.28  6.54 208 606.01 22435 3829 52541
AWREM 229 425 414 229 1.64 243 3.65 290 098 248  1.80 1.22 3.30 7.81
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Fig.7 Box plot of trace element content of pyrite in different mineralization stages of deep hole ZK01 in Wuyi village area

B, 745 SO0 30 26 5 AR AR ) i T 3R B 5 4 i G
AAKRMTCEAMEVIS (K 3), gk BB T
TR MR A 240 IR HIVE TR (R4, 7).

LIMET B, w1 E G B sk Pyl
Hh Co 7E 4 S B Hh (1 7 34 & it desy , LR N,
1M Cu. As \Bi V-1 # 4K, Co/Ni fH i , Pb/Bi{EAIK .
Hod, w(Co) g 162.39 x 1076~2859.34 x 1076, - #
1362.85x107¢, w(Ni) g 13.83x1076~771.25%x107°6, F- 1
215.54x 107, w(As) } 0.64x 10°~197.22x 107, - 1
62.96 x 107, 1w(Pb) 4 0.01 x 107~520.16 x 10°°, - 1
57.02x1070,w(Bi) A 0.04x1076~49.25x107¢, F-14 15.4x
1070, w(Au) A 0.01x1076~3.81x 107, -2 0.30x10°6,
w(Ag) N 0.02x1076~5.20x 1076, F44 1.16x 1076, Co/Ni
}1.35~81.33,F1717.09, Pb/Bi 2} 0.19~11.21, -1
2.84, Au.Pb &AL, T RE 5 5 I R s
FEP S

G- BB R B B, BT A 2 AR
Py2a H Co Ni i1 3% S0 H IR, Co T8
TR EART Pyl NP AR PR, Au,
Ag.Cu.Pb Bi %5t -4 & 148, Co/Ni {4 . Pb/Bi
A%, Hod, w(Co)h 10.64%107°~896.31x 107, F- 1

250.76x1076,w(Ni) >N 107.22x1076<974.35x 107, -1
386.11x 1076, w(As) N 10.15x 106~528.28 x 107, -1
117.23x 107, w(Pb) 4 0.01 x1076~901.09 x 1076, - 14
72.78 x 107¢, w(Bi) y 0.01 x 1076~276.26 x 1076, - #J
27.51x107°, w(Au)4 0,00x1076~7.92x 1076, 314 0.82x
107, w(Ag) M 0.00 % 107°~155.92 x 1070, - 1 9.41 x
1076, Co/Ni 2} 0.06~3.08, 17 0.77, Pb/Bi N 0.06~
22.71,°F13.20, Ag.Au.Pb.Zn Bi & &L,
Gk RSV s )R TS R S

Py2b 1 Co Ni V-3 % 5 W] B 4% Py2afik, As V-3
R A U R & R Py2a ik, Co/Ni{H 4L
&, T Po/BifEAE A 26 i mr . HiH, w(Co)ky 3.63%
1076~137.97 x 1076, 3 1] 39.41 x 1076, w(Ni) N 0.52 x
1076~124.26 x 1076, - #4 49.70 x 107, w(As) H 0.10 x
1076~206.65 x 1076, 3 ] 64.26 x 107, w(Pb) N 0.66 x
1076~89.32x1076, 314 22.34x 1076, w(Bi) 4 0.01x 10~
34.38x107, -4 7.80x107°, w(Au)} 0.01x1076~1.12x
1076, 314 0.23x107°, w(Ag) 4 0.02x1076~2.57x 1076,
15 0.65%107°, Co/Ni A 0.12~107.60, 34 9.02, Pb/
Bi 4 0.27~4896.00,F14330.19,
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W25, Py3aH Co NiFH & =A%, As . Cu. Zn F 1
FHRIEA R e, Ag &S, Co/NifH . Pb/BifH
B, HP, w(Co)l 0.01x107°~160.10x 107, -1
40.84 x 107¢, w(Ni) & 0.52x 107°~375.82 x 10°¢, - #
47.21x107%,10(As)H 192.00x107~6289.85x 1076, -1
1027.82x1076, w(Pb) g 0.01 x1076~314.97x 107, -1
37.41x1075,10(Bi)H 0.06x10°0~27.84x 1076, F-14 7.32x
1076, w(Au) K 0.00x1076~2.36x 107, F-14 0.33x 1076,
w(Ag)H 0.04x1076~12.19x1076, -] 1.86x1076, Co/Ni
47 0.01~310.88, 1) 21.01, Pb/Bi & 0.04~326.11, F-
1727.48,

Py3b 1 Pb . Bi & it B B & T Py3a, LB & T
HAh A 2R, Cu Zn As & ] AT Py3a, H:
H1,w(Co) K 6.00x107~84.60x107¢, F-14 47.47x10°°,
w(Ni)H 0.52x107~46.71x 1076, F-3] 14.75% 107, w(As)
$9.17x1076~31.03x 107, F- 4] 18.51 x 10, w(Pb)
190.06x1076~701.61x107°, -1 412.99x 1076, 10(Bi)
18.00%1076~563.08x 1076, 314 182.40x 1076, w(Au) Ny
0.21x1076~0.97x10°, F14 0.51x10°6, w(Ag) H 2.20%
10°~7.71 x 106, F ¥J 3.79 x 10¢, Co /Ni Jy 1.81~
106.67,°F-1431.02,Pb/Bi Jy 0.34~28.36, -1 10.47

AT -1 e -TRIR R W B, BUER AT Py4 TR g
HEEEITE, HP, wCo)H 2.90x107°~95.58 x
1076, 744 49.15%107°,w(Ni)H 0.52x1076~76.96x10°°,
W44 34.92x107°°, w(As) N 0.10x1076~97.74x1076, -1
34.85 x 107, w(Pb) N 0.74 x 107°~73.41 x 1076, 3 1§
33.37x1076,w(Bi) 4 0.07x1076~6.75x 1076, 3F-14 2.49x
10, w(Au) K 0.01x1076~0.06x 1076, 314 0.03x 1076,
w(Ag)H 0.09x1076~0.91x107°, F-2] 0.43x10°, Co/Ni
9 1.24~5.63, F- 14 2.89, Pb/Bi Jy 3.85~110.27, F- 1
41.67.
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52 BEYFHFRECENBERERTEHEXME

AR, F T OGN Bl 2 X AN [ 2 A I i
PRI B 64T TR BT, 45 R R Al T
RUEWEY h B2 3 MR O KEFEZP
;@ GkT P AR (EAE<0.1 pim)ER ;O ok
P SR, HA, Co.Ni.As.Se ZF L E H L)
e [ g0 Stk A B 1 4%, Au.Ag.Cu . Zn,
Sb.Te.Pb.Bi.Cr.Sn W4 TUE % DL H R4 HARR
e Y N TR B S A
K (EAE<0.1 pm) JEOKE WA AR TE A AE T B8k
WA (B R4, 2010; Thomas et al., 2011; y5 22 B4,
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F A GIE A MAE, Cu Pb . Zn . Sb Ag . Au 2 JRIEMLL , LR WA AT 2AT , Co & Bk, il Te 3R & 4
Fig.8 LA-ICPMS laser denudation curve of trace elements of pyrites in deep hole ZKO01 in Wuyi Village area
a. The pyrite of the first mineralization stage has a high Co content and a flat curve, indicating that it exists in the form of isomorphism; b, c. The py-
rite of the early second mineralization stage, cataclastic, Co, Ni and As show a flat curves, indicating that they exist in the form of isomorphism,

while Au, Ag, Cu, Pb and Bi show a peak curve, indicating that they exist in the form of micron-level mineral inclusions and are enriched in ore-forming
elements; d. The pyrite of the early second mineralization stage, ore-forming materials of the third mineralization stage filled the fissures. Co, Ni and
As show flat curves and occur in the form of isomorphism; Ag, Cu and Zn show peak curves, indicating the occurrence of micron-level mineral inclu-
sions, Pb and Bi show flat curves, indicating the occurrence of nano-level mineral inclusions and enrichment of ore-forming elements; e. The pyrite

of the third mineralization stage, As has high content and shows a flat curve, indicating that it occurs in the form of isomophism, Cu, Ag, Pb and Bi
show a peak curve, indicating that they occur in the form of micron-level mineral inclusions, and Zn and Au content is low; f. The pyrite of the third

mineralization stage has a high content of As and a flat curve, indicating As occurs in the form of isomorphism, Cu, Pb, Zn, Sb, Ag and Au

show a peak curve which occurs in the form of micron-level mineral inclusions, with low content of Co and rich of matallogenic elements
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Fig.9 Correlation diagram of trace elements of pyrite in deep hole ZK01 in Wuyi village area
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] B 2 0 K JBURL B 2 5 [ 2208 sUA7 . 3540 Au
BRI T 131075, A M Y 200 5 & BT R
W R T A A B 22 A RT DL 4 R, B A A 4 R
Bt 4 4 B A0 (TN @44 . g45) AR B Au & & AR, 1
B Au FZJE T WA MIE R E . — 2 AuE &2
B (g6l w5 w2) H 5 2B & I AFAE A G, I &
2 I T B B N A R, X SR A L
WRZAEEH , Au & ARG R R h Au £ 2 D)
/Y A i B XA (1] 51, 181 8b~d L) o T80

F ikl £k /R As Se . Co Ni Z5 LR H R BN EL il
2, R TS W 4 s 4 K ) A AR I 5K
FE7E, 1M Cu . Pb.Zn Bi Z R RIERE M £, W H
F LUK L 0™ P R 8 A2 7 (] 8a~t) o
Pb .Bi & —HE 5, KU LS Yt
B A RAE (K 8b.c) o

e — PR MR TR MK IR, Co 5
Ni 22 [A] 5 B S TEAH 2 (€ 9a) , Co+Ni Fil Au 22 ] 545
55 19 1E A5 (81 9b) , Pb+Bi 5 Au+Ag . Cu+Pb+Zn 5
AutAg Z Bl 2B & E A OE (B 9¢.d) , Te+Bi 5 Au+
Ag . Au 5 As Z [H] 5 55 1) 1E A0 56 (& 9e . ) , K4
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Py3a KRB As & B (H Aul i A, B
A b12-2-2 M 2 BT 5 Au = As BIRHE , BEEH BB
B Pk As 197 B AR B B TE L 0 Au 7E B R
W AR LA R Py A 1A 8 A 48 2UAE , T L)
P4 PR A AR 4 5] WA e, X 5 R
ARIY 4 v 1) B B R AS ) (B BE4EE, 2009) . T
FZ 0] AR DGR S B T A 4 R 3 i v AR50 1
Ak, Co  NiFE I 2l - B v, Bl s ™ 1
FHWE AL, P 2 B FRAIK; CotNi 5 AuAH S, )
WLV 5 G R A 244, T RESZ B A I 9 B AR ) 5 ) 5
1M Pb.Bi.Cu.Pb.Zn.Te 50 % 5 & B0 A % V) X
F KRB R B 5 TS i, S B B2
AR IR R s As 5 Au R FIEA G, IR AN Je ik
TR AuRRHY], R RE L,
53 BEHRTRETEXNEETWIER

(1) Co/NifEF87R I LW ) A U5

T 5 3% W A Ti) A DR 2 280 1 8 4k L AT S T Y
Co/NifH , K I 2 CoNIH R E /N T 1,5
KOLE AR DE B B R Co/NITE K T 5, 3 A0 8
HERRH™ Co/Ni B 7E 1~5 2Z [a), 728 [ $R 3k 8 8 k™
BT F U B 2w (£ 451, 1989; Thomas et al.,
2011), S34h, EEkH  Co Ni & AT 4575 ™ 9
JRUR, QNG UE b X G U B v SR A
1Y R A T w(NDEUIE , — I T 4.5%107°~76.1 %
107, -3 17.4x 1070, R UDHEEH T W™ 5 6 1L 0] i I
WL AR A A G, /NG A A 4 1 DX Y R A
w(Ni) 5 35>8000x 1076 LA L, 3¢ A 3L sl 3t 14 ok 15
OB A 4, 2015) o X2 KA Co Ni H A7 5 Z1 1 2%
B P SR R | i 1) fE A B R AR A0S Fe, & Co
RUFIE Ni BB R — BT Bl T 7 2 e 300 R A
TG B R, LR T Co 2% S PR# ik, — Mk b Nifl
St AR A (XR A5, 1984) , ik HA
5 Co Ni, A & Co/Ni & FEAEFFAF . ™ 7 i 45
(2012) F kA5 41 (2019) KAy, CoS, 5 FeS, Al JE i
SLE A NIS, 55 FeS, MITE BUAS 7 S5 [E 7 4, 76 5 Ui
T Co T4 FI T 52 M R G A BT, 7E1% U
PRIV AT G0 R v, $RIBOR IR 2 5 9K
FRAKBPNRE AR R TR EE S, Co NI
PSR G0 itk A\ B0 A% B X Fe, B
15 Co/Ni B o A8 B #R IR L 4 1™ PR 76 7 AN AR J5T
YEFE R IE B, ok 1 KRS K % i i
JER T A AW, Co LA R R4 I8 Xtk A B4k 4
55, Co/NiHAAK, — /N 13068 F 1, F i th AR

(™ F#4%,2012; 8671, 2019) .

Zo— A b DX R B R AT AL s 4 87 1>, 0(Co)
S 336.68 %1070, w(Co) FH AV AE 71.96% 107, 10(Ni)
SF-X{E 183.81x 107, w(Ni)H i {H 79.84x1076(F 3) .
Z 548511 Co/Ni A 1A BUEHE A B 78 4>, LL(EE
Fi10.01~310.87, A8 fL 5 K, V- %41 11.48, Co/NifHi <1
I B S 47.44%, A F 1%~5% 1170 85
41.03%,>5% I s 50,5 11.53% (181 9a) .

VI 2225 3805 T AR b DX b A 25 R 4 ™ R s L
[l {7 R AN AR RM 2R AT R B B P TR
IR AETEZ WL AE B &, 0 A b b oAt B
W40 J5T Foe R) 1 F T2 IS AR A A B BRI, ROk B T e
AR AL P AT FE R L I A A R A FIRA T
D A b e RN b 26 43 (R 424, 2001; 72 B
45, 2001; Bar5m %, 2014) o BUH AR I &
AR AT RIF R I R AR &0 T A
K H T -0 A AR G RE P AR R 4, AT RESE R
TRA K AR UK 5 KA K E IR A TR, USSR
% A h 7 (Hu et al., 2006; Shen et al., 2013; %57
BEEE, 2014),

S — o Ml DX PR EE R Co/Ni {ELAS 7] T~ 1L 784 i
DUBRY KLU TS 5 3R B TR0 AR [T A T ek
SRS A A 4 5 AR HAR ) 22 UR I 25 e A
Wi Y R AT FE R C AR R e A, AR
IR RN/ YR ) 5T TR B R U 5 T AR R A
PR TR R AR K TR A AR R . AR
DUBRAR 0T 1 J2 (Rl SRS A A B ol ool AR LA
W F IR ) BB R iy AR 3P IR M 2 G R AR
I P AR W B AR A 5 )5 31 RRTR 2
N2 040 RS th— 5 A B R
SR BE T RKAG K FBRISTF AL R N A
WP HIAE K A SR A 3 5 KB A, B ™
W IR A TR 5 SR TR A TR 2 A2k

(2) B TR TR AR s 1) T o

B B T R BRI HOE St R
Ry, KA w20 HiS M 0% s f 24k
AR . R TE BT B IR W Bk, B
T W P B 27 25 AN ] At o0 2R RRAE A7 7E ]
Z5,

= Co BUFNE Ni A sk — OB 1 T4 9 Fn s
TR B R I 2l R0 TR Au Ag 55 T T
R AR BN, KL, 3R Au Ag S5 R
TLE SRR BRI R, — B I B
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Tk B2 B, Co (NI 5 8, T AU B BR T w0(Co) >
1000 1076, H1 3 74 10(Co) Ky 100 % 1075~1000x 107, ik
A w(Co) < 100x 1070 (BE4EAE4E, 1999)

H2EH R AR AR A R S ™ VE 41
167 IF 8 T WK Fe  Ti 8409 , B 2 S0 Akl g
R AHE A B B0 K AL 2 (BRI 45,1997 o FE#A
WA B B, 7K AR A i R = B N A 55
R B AR B Fe?, 5 R 1 (HS) 45 A
B 28 =B, R RHE A 2B OB 2 = B
A, KA R Al BRI A A kAR, B

K(MgFe),(AlSi;0,0) (OH),( /& = £})+2A1(OH), +
6H—KAL(AISi;0,0)(OH),(4H = FF)+6H,0+3(FeMg)**
(5KANAE, 2018)

(NaAlSi,O4 + CaALSi,0f) (R K 1)+ 2H+ K'—
KAL(AISi;0,,) (OH), +2Si0, + Na*+Ca?* ( % it & 2,
2002)

BABE ANAFRERERRT IS EEEDN
Co NiZEFE TR, FE AR 1 7 PR e A I, I
HEA S TR (Liu et al., 2018) , i & Co B 82k
W (Pyl) , XF W B R - B B . Bl 25 4 3 /6
S, A2 R B, W R T RRAIG, A P i Ferr 5
Au(HS) 5k Au(HS), Z i & 4, I8 M gk f 4,
Bl Fe**+Au(HS),aq—FeS,+Au+H, (¥ K4, 2002) .,
Au Ag TCRIE BN/ P R00RE , 76 BT Y it B
UUVE SO Bk A Y LR & Au  Ag s Ni B HE
BB (Py2a . Py2b) , Xf I 4x -1 de- Bk e . R
JE i — D AR, O As .Cu . Pb Zn Wk FE T+ iy , i
AN&-f-Z2 4 B B B E &% As .Cu P,
Zn Au.Ag I E T (Py3a) . — MBIk N, As Af LI
OB A% i S, 5 1R M A% B A2, fff Au U Fe
T HE AR A%, R As 5 Au iEAHDG, i H.
AR E T A B 2k As B B (O e 5
4% 2013; Deditius et al., 2014) ,{H 5= —F 45 FLEER
B rh As Au G RECE % MM (18] 9f) , KW
TEPR AL R T As A R R A4 R, Au e B
Bow v DL T R OB URAE 2 Aw ik 20T R 454,
1M As W BRI, Au 78 32w v LR ™ 9 B 1A
AT 2URATF L 2 Au ik BEAIR, 1T As € 32 g 6 DU i
As T Au B ERE . S — RN FLURTS B2k h Pb+
Bi 5 AutAg W WIEA OGO R (K 9c) , R 4:-A
-2 4 Jam Ak Y B B S Y B % Pb . BiLAuLAg
B (Py3b) o A 2= AR — M A 5B B 5
W I B Bk v P % s A X T, B R A X

%, Pb/Bi fH 8 (MRALZESE, 2019) , Au Ag — B L7E
PR T AL I BE B 4E (W et al, 2021) . ZJSHVE
SEARGE A BT T 0 R i RIR AR, P )
BRI T R A AL R T I R (Py4)
Xof I A A - TRTR R I B o

TR BEE B #5 k 2 310 A8 4R FH A e o B A
I B B, R AR BT R A U A R
T AT 250 (FE R & s /D UL ) | [R)—8 467 7=
(B R T BEIE BT AR R B B, B AR R 263, R[]
A BT AR 5 BT B B AR X R T 2 i AR
HEXRR . TSNV RN, &0 Y5 AT
AR R A 24 B e T 3k S R 3 H 2 Co N
R ER (Py1 \Py2a) , Al B8 1Y J Rl J2: Co  Ni 7 B 2k
T AR R R 408 AR Fe J5 11, JE i L+ 5 HL
RUEERY™, 3R ™ AR Z A far , AE DY UG TR AT R &
A TSR AN R 1 Bl (SR B A , A A R A
By, LR ARG I, XA P 1 Au Ag S5 FL &
Y7 A B D AR A A3 i, Au ZE LBt TR T TE (B
h3% 22 1996 ; Kusebauch et al.,2019) . ZZPR_E & As
WA B I 7E S4B Pt 2 W B A, (H IR As Al
HRE (Py3a) FIET Pb Bi B # £k 8 (Py3b) JE ik T-44
TR FIE B 2 5 B RS, ARG A 1 W B R4
AN K Pyl.Py2a Bl W . 4 w6 = A 5k B LR
2818.89 m, WAF T BBk 2H 0 7 A b i i 5 v, &
A R, UL BR A B 2 W BRIR B A TR
AREEA A X 7 AN 2550 34280 . D we-2-1,
w6-3-1F1 w6-3-2 1l fiJ& & Co RIHH4 Pyl, 32 5 1
B A Au Ag . As & R ;@ wo-1-2 wb-
2-2 Fll w6=3-3 I 15 J& & Ni B 8 25 Py2a, 32 i W A%
W Au Ag As B ;O wo-1-1J8 &
Pb.Bi Bl # 2k Py3b, F L H M Pyl Py2a i Py3a,
Py3b AR (F3) o IR, 78 & i 1 o 72 o ok
B R TR RIS AR S SR R AN Ak
0 118 25 1T W BFFAE FH 5 | B 4 L5 0 93 A 16 4 T
VE T RE R AR

(3) B R e RN 4 B R R

AR SCHIF 9 26 B 3 T By BOE W Bk B
Co . Ni % 81K, AutAg+As 5§, Au+Ag+Pb+Bi+Cu 7%
I, Po/BiE = I ARRAE , I DLk 850 2 19 0 P
AR . A K A8 T A A sl A I 2 Y
B BT — B Co Ni 57, Au Ag F I L &R
Fr AN, 25 BTG Zh 1 R A R, & T AR
EL30 e S T e NN e Ve 7/ I (T
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filt, A ULHE, H Au.Ag .Pb . Bi %5 il LR S8BT+,
Sl o WV = ECY = B s
R, Bk i T R AR X 4 B L B I
MR R ER . gl SR SR A ALK 98.14 m, I ARHK
£ TN 5 A B R Bk S B IR R YR gk, Hep
gl-1-2 0 5, Ay BT B 5 IR 8/ INURE , A Ag P
Bi " ¥4 , Co . Ni,Ag.Au.Pb.Bi.As.Se & i
L B B Co RIS Py, 52 55 W $
TR B A F 5 g1-1-1 00 23 2 B OR B2k, g1-2-1
W 5 A= Gt/ N B0, & & Co RUBTER Py,
Au.Ag.As.Pb Bi & 5K, AR, S i IR AL,
g1-3-1 0 A5 k32 o tR K BORE B4, B R L A
W f4k, Co . Ni.Au.Ag.As.Pb . Bi.Cu %50 % & &
% AR N WG R Py, BMA L i%FEM T
A gl-1-29 5, 487~ A W ml fig.

6 4 it

(1) FERE W IRT 4 EE U AR S MR 4
W IRAE T3k . 7T 04 DAl B 4 24 Bt
SR RO RS . B e TR T Aui
ERORE VL SR PR RAE , /D5 40K BkL
SRR RGP RAE . 55 TR B B LB 4
F, YO B4, MR R, LA RS 355
T A B B A AR B 4 VLA 4 32, 4 i LA A1
DRG0 N 3, T4 1Y i TR0, 1 IR
AT I A

(2) EERT M EITE T, Co 5 Ni.Co+tNi 5 Au
AL IE A C s Pb+Bi 5 Aut+Ag.Cu+Pb+Zn 5
Au+Ag B B IEAIE ; Te+Bi 5 AutAg Au 5 As &
S IEAHOC, R 4w A Ag.Cu.Pb.Bi As.Te
FLEEE.

(3) HRAE B 1 it 0 R 4 S0k 4 oy 6 Fif
AR T R B B sk (Py 1), Sl T R sy
B, Co Ni it 8, W TR A& 45 TR
W B R 0 B0 (Py2a) , Co & PR AR Ni £ i
FhiEr, Co/NTHEIT 1, 38 35 18 57 74 24 E H L 9 1 o B ol
W4 B 7o S A 5 28 T R B B i 00 1) 2 ik
(Py2b), Co Ni Rl JT & & f 3 Py2a ik, As &% i
H1 Co/NUEH 7 , Po/BifHE 1 5 465 Ly B B 101 i) 2
B (Py3a)  RLEER/N B S EE0 T e A,
Co Ni & 8K, As & 8w , Wi & 4E Cu.Pb,
Zn; 55 WL B Be S0 i 5586 (Py3b) , Au . Ag . Pb .,

Bi it — I A IV B B, I T s e R
W BE KRR B B T B Bk (Py4) o BEERDT
TR TR FFEFR 7R 1 B IR 53 () 38 A RN R 3
o RS U E It A2 TP B AR Y 5 Co (NI B BBk A™
F14) 2% 1T W2 R PGS 4 DT 0E g 4 AT g ke s 224

(4) TR E B T it o0 R ARFAE S Co/Ni FUAE 1)
A5 BT BRI ) T 2RSSR A L T8
7 AT P R R BRI IR R RRROK RS
PR, B P 2 i FE At A8 B A A R
PRI RN/ S 5 Jo TR A SR T

(5) R BRI R TR & RS 1 R
IR AR

B 2O EaE S B b S TS AR
FEO GBI IE L PN LA BB LA-ICPMS
DR R P 25 T 4 S AT B | 300 AR P 3L B 44
e L AR B9 5 B I SO e S B B
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