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Modes of occurrence of gold and genetic connection between gold and copper
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Abstract: The Chating copper-gold deposit in Xuancheng City of Anhui Province is a large porphyry deposit newly
discovered in the middle and lower reaches of the Yangize River metallogenic belt. Based on detailed ore minera-
graphic research, the authors carried out the measurement of ore-forming element concentrations of main minerals
from the ores by EMPA and chemical analysis, with the purpose of studying the modes of occurrence of gold and the

genetic connection between gold and copper in this deposit. The hydrothermal mineralization period of the Chating
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copper-gold deposit was divided into 4 stages. The fire assay analysis results of single mineral show that the pyrites
at the second stage (Pyll), the pyrites at the third stage (Pylll) and the chalcopyrites at these two stages are rich
in gold, whereas the quartzs at all stages and anhydrites at the third stage contain almost no gold. “Visible gold”
was found in the ores and they are mainly embedded as inclusion gold and interparticle gold, with a small amount of
fissure gold. The major minerals of the “visible gold” are electrum, followed by native gold. “Invisible gold” is dis-
tributed unregularly in the sulfide minerals such as chalcopyrite, pyrite, sphalerite and bornite. And the “invisible
gold” exhibits nanoparticle native gold in pyrite. The correlation between gold and copper and the modes of occur-
rence of gold show that gold and copper have a close genetic connection. Simons experimental study reveals that the
solubility of Au in Cu-Fe sulfide is very high at high temperature. The mineralization of the Chating copper-gold de-
posit underwent the evolution from high temperature to low temperature. As the temperature decreased, part of gold
was exsolved from Cu-Fe sulfides and became enriched as “visible gold”; while the other part remained in the form
of “invisible gold” preserved in chalcopyrite, pyrite, sphalerite and other copper-bearing sulfide minerals.

Key words: porphyry copper-gold deposit; modes of occurrence of gold; genetic connection between gold and cop-
per; electron microprobe analysis; Xuancheng City, Anhui Province

Fund support: National Key Research and Development Program of China (2016 YFC0600209) ; National Natural
Science Foundation of China (41472066); Land and Resources Science and Technology Foundation of Anhui Prov-
ince (2014-K-03)

LR IR S S B A T PR e KT R R U Ak
B4 B T — AN B R BT PR B o
W CAD AL B RBGER 2 1000 m x 500 m,
REE/NT 190 ms 43 K BH 44 )2 B 578. 27
m, e KRR JEE 109,62 ms TILT & Cu fh Az
0.40% ~1.29% , V1 0.50% , ‘F-}J Au § 47 0. 85
o/t; ALK O R B K B F I 761,35 m,
P Cu A7 0.29% 5 Au AL 0. 44 g/te BIDAL S
Tk Cu 4@ & 53 JT W, )AL 0. 52% 5 3L/ 1
A Au G JE 79 W, ST EAL0.77 ¢/te MRIRIRIET
PRABE R 23 A e A0 DR 4 i 08 950 1 04 21K 00
B o ZHT IR AR ILT 2009 4R, H fi 4 7E B R R
AH OGBS BT 0 MG oA A TH T R, JU L2 & A7 R &
DA K 4 5 i R R R B 2 R G0N 1T ABIFFE A
h GRG0 PR 1) 48 S BT B
WS ) DIAR DG BB 45, 2014, T B2kt /2
A PR Hp S 1 2 AT (Boyle, 19795 R
45,1989 A= EZE%E,1996) o & HIIRAFIRAS LA K &
508 B 4 6 3 2 AR R, A DU BRI A
W) ISR R R PR s PR ) o T B —, B i T
TG BERFA IR T2 FRARIE A BOAS | 32 g 4 1 ]
ORI L ZERTHE . ARAEHEE S 1) T2 L 5 e FE A
TR R < PR R A RS 4 ] WL R AN T A
& PR, R W4 R T AR AR B A B
T 8 T AT DA DA AR R () &, < AN T DL 4 A2 3

FAE o fis 62 WA N BRI N & S .
] LA S TEAS R A P HOIRAS X B A R
L B e e N1 B A (0 i T X 7
0.2 pum) ARG G ZE45,1999) . 4
TG AT W47 IRARRES, BT ANKR T 2 Ry
WA BT 5 3%, i, A o7 BREE CEPMAD 43 Bt
13 4 EE D] L G T A7 A0 3 e S B R B
e (R ELSE, 2009; 4RG4S, 2012); IO
S th 25 897 i ( LA-ICP MS) 03 &0 Wk 4
B PIR BN WA T XA AE(Emsbo et al. , 2003;
WEIRAE, 20105 REEGSE, 201205 K& 1 ik
(SIMS) 3 #fr DRI HORS B2 v RIS 22 30K S g oK R BDD
H AT B A T 43 M R e 3R A, A SR AT
R HIRAIRES (Simon et al. , 1999; Kesler e al. ,
2003; Barker et al. , 2009) . EAR H T HRE RS AN
WOHER B B, A i T I 5 A AR ] A R
At G H IR S5 A 1T A I AN AT L 4 7 (¥
TR A ESE,2013) o A SCRULEN A1 S ™)
A2 53 AT R0 IO AH 27 I8 5 ) A B, SR
THREFCEPMA) £ 3 #7702 14 1 U i1 ik
B HT(BSED  BEIE 43 HT CEDS) %5 07 ¥4, S B WF 98 4%
B A R A I R A OIR S 2 G A A oG
P, R B 2 AR 4 5 IR PR G R R A R T
ISR .



54 1 IRIRAREE . U IR B S0 IR 4 1) AR IR 28 2 4 4 1 IR Bk &R 577
1 5 2 [ AR 20 280 Hb T ARURT L e I8 AL, VR 3
1 B RS R T R T N P R R L5 0 W R R

TRCE YRR U S AL AT R i # i
— AT AR B R R E R DO N
SRR A, M e S R A K. B
71X 2 km LB AR A< R B2 vt AR A 2 A 18R B
T SH R Ja 2 SO DA 2K 1) JUEE L= i)
W HERL AR R LR 70, Fe BT A2 B4
BYVBEVBR B SBRARATIR I 1D

R X AL oS, ARV RE R L PN

A AR N2 A DR B0 A 0 DU 150 A T 5 R,
I S AEAR A SE A, ZE KT 3 000 m, B DX AR B AT
VG L SRS T WAz R R AL T =B A LURE
FRUOR 2, Befiis REA L. Ak R E R
PR A0 R 8 A0 T g B 0 R 2 20 A ¥ LR A
—ECE 2D o MR A A R E I T AR S AR E
) 6 2R, A6 AR i 4 S« B 1) R K, 80 AA 10° ~30°. R
AR N R A D I K3 e, b AT A K

206/75 o 20680 P RS
Kb Bl i/
Q fe) P!g’ Py
C:'Pl
[Kgls [ D |i2| @ |u S Ty T
i AL
[ Kz |4 [sm|3| @ |2 o Q @ Q
TIE R Ok
[1h s [8 |14]| @ | © Q
I Ty
[T [Sg|is| @ | ) - 1n
i
7 -"‘ s P 5
- e
P.g |9 18 29 7 / N
= ]
~ 4D T,
Q b : 2L
S 127l 1T Lo
Ol)g' Do i 7 ,§ ;-OA
St? A 4 ARn
B S/ S,/ Sy 3 i Y
350 3 1 — [.I,iﬁlh 50
& oL D% /7
Q I o1 g C,P, T, % o
f 0 H
2 GP, Pl Pg Q Ty
15
Q sy 12 Ty : 2
L ol Hrif ) 0 1 2 km
206070 Pg :(1:13 75 r l mﬁl[l 20680 T —
Bl L B B A R X el o )
Fig. 1 Regional geological map of the Chating porphyry copper-gold ore deposit, Xuancheng City
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1—Quaternary; 2—Upper Cretaceous Chishan Formation; 3—Lower Cretaceous Gecun Formation; 4—Lower Cretaceous Zhongfencun Formation;

S5—Lower Triassic Helongshan Formation; 6—Lower Triassic Yinkeng Formation; 7—Middle-Upper Permian; 8—Middle-Upper Permian Longtan For-

mation; 9—Middle Permian Gufeng Formation; 10—Middle Permian Qixia Formation; 11—Upper Carboniferous-Lower Permian; 12—Upper Devoni-

an Wutong Formation; 13—Middle-Lower Silurian Maoshan Formation; 14—Lower Silurian Fentou Formation; 15—Lower Silurian Gaojiabian Forma-

tion; 16—granodiorite; 17—gabbro diorite; 18—diorite porphyrite; 19—granite porphyry; 20—copper-gold deposit; 21—manganese deposit; 22—

copper deposit; 23—lead-zinc deposit; 24—iron deposit; 25—fault; 26—reversed fault; 27—geological boundary
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Fig. 2 Simplified bedrock geological map and exploration profile of the Chating porphyry copper-gold deposit, Xuancheng City
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1—Quaternary; 2—Upper Cretaceous Xuannan Group; 3—Lower Cretaceous Zhongfencun Formation; 4—siltstone; 5—glutenite; 6—conglomerate;
7—volcanic breccia; 8—quartz diorite porphyrite; 9—diorite porphyrite; 10—lamprophyre; 11—cryptoexplosive breccia; 12—limestone;
13—griotte; 14—copper grade 0. 1% ~0.2% ; 15—copper grade 0.2% ~0.4% ; 16—copper grade =0.4% ; 17—drill hole and its serial
number; 18—cryptoexplosive breccia boundary; 19—mineralization range; 20—geological boundary; 21—exploration profile and its serial

number; 22—drill hole location and its serial number
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Fig. 3 Microphotographs of the ores from the Chating porphyry copper-gold deposit, Xuancheng City
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grain Pyl with crushed structure; e—euhedral-subhedral texture Pyll; f—chalcopyrite metasomatic PyIll; g—native gold particles in chalcopyrite; h—
chalcopyrite and tetrahedrite association; i—early sulphide quartz veins cut by gypsum veins; Anh—anhydrite; Au—native gold; Ccp—chalcopyrite;

Chl—chlorite; Gp—gypsum; Mt—magnetite; Pyl—first stage pyrite; Pyll—second stage pyrite; Pylll—third stage pyrite; Q
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Table 1 Analyzed multi-metal content in different minerals from the ores
FERTS AR Au Ag Cu Fe Co Ni Zn Mo cd Sh Pb

1 Pyl 0.0002 <0.5 50 44.8 300 10 <2 6 <0.5 <5 6
2 Pyl 0.0036 5 243 44.8 150 13 50 75 <0.5 <5 61
3 Pyll+Pylll  >10.0 28.5 2610 44.4 519 82 620 22 4.6 18 14
4 Pyll + PylIl >10.0 16.3 1285 44.4 606 60 141 201 1.3 <5 103
5 Cep >10.0 42.6 >100000 26.2 87 18 2310 16.5 19.5 20.8 46
6 8.74  43.3 >100000 23.7 36 5 1350  44.2 19.5 2.9 100
7 o) 0.014 <0.5 128 0.9 1 1 13 28 <0.5 <5 4
8 QII 0.031 <0.5 177 0.9 1 1 9 65 <0.5 <5 <2
9 QIII 0.006 <0.5 65 1.0 <1 2 4 4 <0.5 <5 <2
10 Anh 0.007 <0.5 1400 0.3 1 1 24 21 <0.5 <5 2
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Fig. 4 Backscattered electron images of the distribution of the gold minerals
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Table 2 Analyzed composition of different gold minerals by EMPA
R/EZ S 2257 Au Ag S As Cu Fe Co Ni Zn cd AN
558-1g 89.281 9.898 0.189 - 0.158 0.269 0.036 - 0.05 0.023 900
AR 4 558-1A1 90.262 8.441 0.198 0.026 0.098 0.128 - - - - 914
558-1B1 89.619 9.290 0.109 0.046 0.104 0.131 - 0.028 0.189 0.059 906
558-1a 77.245 19.852 0.199 - 1.566 0.909 - 0.075 0.101 - 796
558-1b 80.361 19.059 0.273 0.022 0.126 0.135 - 0.005 0.019 - 808
558-1¢ 74.783  21.053 1.24 - 0.064 2.811 0.019 - - 0.030 780
558-1d 79.046  19.652 0.252 - - 0.858 0.006 - - 0.101 801
558-1e 75.822  21.537 0.264 - 0.928 1.386 0.015 0.048 - - 779
Wah 558-1f 77.863  20.165 0.321 - 0.203 1.423 - - 0.026 - 794
589B1 56.348  37.629 1.097 - 1.297 3.297 - 0.013 0.123 0.104 600
752A1 68.505  28.814 0.145 0.039 1.077 0.553 0.024 0. 006 0.113 0.148 704
752B1 61.741 29.512 5.110 - 0.246 3.243 - - - 0.048 677
752C1 52.939  27.995 6.610 - 6.233 5.422 0.059 - 0.552 0.138 654
808 Al 71.494  25.007 0.182 0.022 1.967 1.247 0.004 - 0.018 =~ 741

TR AN 8.44% ~9.90% , T340 9.21% . 5
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Table 3 Electron microprobe analytical results of the pyrites at different ore-forming stages
5 Au As S Fe Ag Cu Ph Ni 7n Sh Co Total
Pyl
86803b1 - - 52.859  47.006 - 0.014 - - - - 0.014 99.893
63002a4 . 048 - 53.041  46.305 0.023 - 0.024 0.020 0.097 - - 99.559
63002a3 - - 53.625  46.246 - - 0.073 - - - - 99.944
6300242 .079 0.006 53.328 46.218 - 0.037 - - 0.154 0.008 0.037 99. 866
63002al - - 53.610 46.104 0.066 0.005 - - 0.051 0.006 0.005 99.847
62803h2 - 0. 006 52.439  47.010 - 0.088 0.252 0.044 0.036 0.007 0.088 99.969
62803a2 - - 53.088  46.578 0.023 - - 0.041 0.087 0.022 - 99. 840
62801a3 - 0.018 53.839  45.779 0.038 0.020 0.187 - - - 0.020 99.903
6280142 - - 53.895  45.686 - 0.109 0.100 - 0.037 0.017 0.109 99.954
Pyll
9730a4 0.160 - 52.785  46.497 0.099 0.065 0.098 - 0.160 - 0.065 99.931
9730al 0.032 0.017 52.723  46.711 0.084 0.016 - - 0.293 - 0.016 99.893
886a3 0.016 - 52.889  46.737 0.009 0.093 0.048 0.040 - 0.056 0.093 99.983
886al 0.159 0. 006 52.482  47.062 - 0.028 - - - 0.031 0.028 99.795
8683al 0.080 - 52.649  47.002 0.057 - - - 0.041 0.015 e 99. 845
808C3 0.063 - 52.171  47.167 0.060 0.138 0.180 0.046 - 0.028 0.138 99.992
808C2 0.047 - 52.602  47.082 0.080 - 0.012 < - 0.025 - 99. 849
752b2 0.048 0.068 52.622  47.006 - 0.048 - 0.038 - - 0.048 99.879
750b2 0.016 - 53.069  46.508 0.005 - 0.024 0.223 - 0.008 - 99.853
750a3 0.048 - 52.632 47.117 - 0.011 - = 0.005 - 0.011 99.825
750al 0.113 0.023 52.915  46.620 - = 0.196 0.003 0.063 0.004 - 99.937
748¢2 0.111 0.014 52.655  46.621 0.023 0:212 0.048 0.159 - - 0.212 100. 056
748cl 0.079 - 52.705  46.687 0.072 0.012 - 0.134 0.030 0.072 99.791
74843 0.048 0.023 53.337  46.187 0.130 0.054 - - 0.041 0.017 0.054 99.891
748al 0.127 - 52.834  46.842 - 0.067 - - 0.046 - 0.067 99.983
7151b2 0.064 - 53.340  46.408 0.005 - 0.024 0.009 0.093 - - 99.943
6611a3 0.179 0.047 52.683  46.751 - 0.034 - 0.029 0.047 0.032 0.034 99.835
6471a3 0.113 = 52.576  46.812 - 0.093 - - 0.134 - 0.093 99.820
6471al 0. 080 = 52.726  46.629 0.037 0.165 - - 0.128 0.015 0.165 99.945
589h2 0.064 1.171 51.903  46.713 - - - - 0.020 - - 99.871
589a3 0.016 - 53.102  46.710 0.023 0.023 - - - - 0.023 99. 897
1065al 0. 081 0.029 52.585  46.727 - 0.105 - 0. 066 - 0.006 0.105 99.704
1015¢2 0.128 - 52.938  46.581 - - 0.036 - 0.154 0.004 - 99. 841
1015b1 0.175 - 52.906  46.523 - 0.032 - 0.044 0.077 - 0.032 99.790
5581B2 0.286 0.003 51.552  47.898 - 0.065 0.022 - - 0.047 0.065 99.937
752A2 0.159 - 51.525  47.675 0.060 0.399 - 0.019 0.045 - 0.399  100.280
440A1 0.063 0.074 51.578  47.713 - 0.236 - - 0.059 0.108 0.236 100. 069
9201 A1 0.032 - 52.269  47.437 - 0.019 0.213 0.018 - - 0.019 100. 007
PylIll
9931al 0.114 - 52.496  47.231 - - - - - 0.023 - 99. 865
9201¢3 0.113 0.023 51.747  46.069 - 1.778 - - 0.099 - 1.778  101.607
9201 cl 0.016 0.055 52.699  46.342 - 0.723 0.012 0.011 0.036 - 0.723 100.617
8681b1 0.221 0.014 52.605  46.899 - 0.044 - 0.031 - 0.008 0.044 99.867
752¢21 0.065 - 52.678  46.493 0.023 0.244 0.074 - 0.109 0.030 0.244 99.962
752¢22 0.048 - 52.654  46.859 - 0.062 - 0.033 0.078 0.044 0.062 99.842
75206 0.113 - 52.890  46.575 - 0.059 - 0.014 0.015 0. 006 0.059 99.732
75207 0. 160 - 52.539  46.729 0.052 0.011 - 0.083 0.093 - 0.011 99.677
6612a2 0.128 - 52.768  46.697 0.090 - 0.036 0.075 - 0.019 - 99.814
6612al 0.111 0.017 52.476  46.928 0.097 - 0. 145 0.027 0.025 - - 99. 826
440a 05 0.162 0.099 52.954  46.536 0.048 0.019 - - - 0.008 0.019 99. 846
440a 06 0.016 0.152 52.644  46.975 0.090 - 0.036 - 0.026 - - 99.940
440a 08 0.162 0.225 52.404  46.807 - 0.019 0.197 0.020 0.047 0.026 0.019 99.927
440a010 0.112 - 53.247  46.220 - 0.032 0.085 0.085 0.015 0.034 0.032 99.863
20139A4 0.114 0.030 52.213  47.433 - 0.050 0.049 0.057 - - 0.050 99.996
10351al 0.130 0.038 52.286  46.921 - - 0.184 0.044 0.010 0.012 - 99. 626
5581A2 0.111 0.003 51.518  47.698 - 0.327 - 0.011 0.059 0.004 0.327 100. 059
577A2 0.194 - 51.668  47.818 0.014 0.052 - - 0.084 - 0.052 99. 883
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Table 4 Electron microprobe analytical results of the metal sulfides with the exception of pyrites
L/ EZ S JERs Au As S Fe Ag Cu Pb Ni Zn Sb Co Total
1 - 0.051 34.647 31.447 - 33.530 0.163 - 0.074 0.007 0.078 99.996
2 0.017 - 34.835 31.661 0.110 33.223 - - 0.098 0.015 0.003 99.961
3 - - 34.282  31.927 - 33.624 - - 0.134 - 0.055 100.021
4 - 0.014 34.001 32.096 - 33.628 0.050 - 0.049 - 0.056  99.895
5 0.185 - 34.737 31.482 0.026 33.204 0.089 0.047 0.162 - 0.005 99.937
6 0.153 0.014 34.567 31.730 0.040 33.394 - - 0.029 - 0.036 99.964
7 - 0.027 34.103 31.939 0.040 33.625 - - 0.179  0.017 0.017 99.948
8 0.258 - 33.364 31.899 0.103 33.865 0.107 - 0.183 - 0.058 99.838
Sy 9 - 0.003 34.297 31.597 - 33.791 0.095 - 0.027 0.032 0.084 99.927
10 0.068 - 33.455 31.647 0.045 34.207 0.261 - 0.129 0.035 0.060 99.907
11 - 0.017 34.808 31.235 - 33.629 0.047 - 0.153 - 0.068 99.957
12 - - 34.800 31.963 - 33.074 0.023 0.004 0.054 0.017  0.033 99.969
13 0.135 - 34.669 32.121 0.048 32.978 - - 0.018 - 0.007 99.975
14 - - 34.080 31.566 - 33.909 0.225 - 0.221 0.011 0.007 100.019
15 0.085 - 34.358 31.517 0.048 33.812 0.023 - 0.056  0.028  0.036 99.964
16 0.135 0.044 34.702 31.449 0.026 33.526 = 0.009 0.023 - 0.051 99.967
17 - - 34.433 31.442 0.026 33.519 0.222 0.016 0.151 0.045 0.121 99.976
18 0.220 0.034 34.439 31.504 0.004 33.574 - - 0.128 0.024 0.070 99.996
N 1 - 0.016 26.659 11.640 0.039 60.912 - 0.032 0.053 - 0.055 99.406
SR 2 0.035 - 26.143  12.297 0.220 60.163 0.026 - 0.109 - 0.057 99.050
Tl B 1 0.054 20.600 27.858 3.381 0.022 43.145 - - 3.791  0.551 0.108 99.510
By 1 0.103 6.535 24.701 1.096  0.080 38.678 - - 7.929 19.567 0.009 98.698
T 1 0.090 - 31.046  2.225 - 1.803 0.049 0.004 63.780 - 0.001 98.998
2 0.053 - 33.806 5.290 - 5.535 - - 55.404 - 0.039 100. 127
dh S AL . RS R EI R (1992) VAP HERE (2004 L 5 SCHE A (20060 WA
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Fig. 5 Element map by EPMA for pyrite and chalcopyrite of the main gold-bearing minerals
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a—the photomicrograph of chalcopyrite; b—S element scanning map of chalcopyrite; ¢—Fe element scanning map of chalcopyrite; d—Cu element

scanning map of chalcopyrite; e—As element scanning map of chalcopyrite; f—Au element scanning map of chalcopyrite; g— photomicrograph

of pyrite; h—backscatter image of pyrite; i—Au element scanning map of pyrite
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Fig. 6 Frequency distribution histogram of gold content of pyrites (a) and chalcopyrites (h)
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Fig. 7 The Au— As plots of the EPMA analytical results
of pyrite Cafter Reich et al. , 2005)
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Fig. 9 Plots of temperatures versus Au contents showing gold

concentrations in coexisting bornite solid solution and interme-

diate solid solution (ISS or chalcopyrite) Cafter Kesler et al. ,
2002)
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