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Abstract: The Laojunmiao gold deposit, located between the Gongguan and Qingtongou super-large Hg-Sb de-
posits, is a medium-size gold deposit recently discovered in the South Qinling Orogenic Belt. The gold mineral-
ization mainly hosted in the clastic-carbonate rocks of the Upper Devonian Xichahe Formation. Controlled by
stratigraphy and structure, the orebodies are distributed along the EW-trending structural fracture zone, and the
mineralization is relatively concentrated at the intersection of faults. However, there is still a lack of systematic
research on the distribution pattern of gold in minerals and the types of deposits. Based on field investigations,
mineralogy observations, backscattered electron (BSE) imaging, and electron probe micro probe analysis (EP-
MA), the compositions of the gold-bearing minerals and the occurrence state of Au in the Laojunmiao gold de-
posit are determined, and the deposit's genesis was discussed. The results show that the mineralization process of
the Laojunmiao gold deposit can be divided into three stages: sedimentary-diagenetic stage, hydrothermal miner-
alization stage, and supergene oxidation stage. The gold mineralization during the hydrothermal stage is predom-
inantly fine-grained disseminated type, which can be subdivided into three substages: Quartz + Arsenic-bearing
pyrite stage ( I ), Quartz + Arsenic-bearing pyrite + Arsenopyrite + Sphalerite stage (1), and Quartz + Calcite
stage (IIl). Arsenic-bearing pyrite and arsenopyrite are both gold-bearing minerals, but pyrite is the primary gold-
bearing mineral. Both sedimentary-stage pyrites (Pyl and Py2) and hydrothermal-stage pyrites (Py3 and Py4)
contain gold. The gold content of hydrothermal-stage pyrites is significantly higher than that of sedimentary-
stage pyrites, and there is a positive correlation between Au and As. Gold primarily exists as invisible gold. Au
in sedimentary-stage pyrites (Pyl and Py2) occurs primarily as gold nanoparticles (Au’); while gold in hy-
drothermal-stage pyrites (Py3 and Py4) and arsenopyrite (Apy) occurs as lattice gold (Au"). The results indicate
that the Laojunmiao gold deposit show similargeological characteristics, metallogenic conditions, and gold oc-
currence modes with typical Carlin-type gold deposits. Compared with the 6Fe-3S, 6Fe/3S-As, and (Fe+S)-As
systems of various genetic types of gold deposits in China, the pyrite mineralization during the mineralization
period all falls within the Carlin-type gold deposit region. Therefore, the Laojunmiao gold deposit could be clas-
sified as a Carlin-type gold deposit.

Keywords: South Qinling; Laojunmiao gold deposit; gold occurrence modes; electron probe microanalysis
(EPMA); gold-hosting sulfides; Carlin-type gold deposit
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Fig. 1 Tectonic framework and mineral deposit distribution of the Qinling Orogenic Belt
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Fig.2 Spatial distribution of Au, Hg-Sb, and Pb-Zn deposits in the Xunyang basin, South Qinling Orogenic Belt
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Fig. 3  Geological map of the Laojunmiao gold deposit
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Tab. 1 Mineral paragenetic sequence of the Laojunmiao gold deposit
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Fig. 4 Photographs showing the ore bodies and ore specimens from the Laojunmiao gold deposit
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Fig. 5 P Micrographs showing mineral textures of the Laojunmiao gold deposit
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Fig. 6 EPMA elemental distribution of arsenic-bearing pyrite from the Laojunmiao gold deposit
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Fig. 7 Auvs. As diagram and Au content distribution diagram of gold-bearing minerals in the Laojunmiao gold deposit
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Fig. 8 Element covariance diagram of gold-bearing minerals in the Laojunmiao gold deposit
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Tab. 3 Electron probe microanalysis (EPMA) compositional data (%) for hydrothermal pyrite and arsenopyrite in

ores from the Laojunmiao carlin-type gold deposit

B i 4 5 7] S Fe As Au Se Pb Ni Co Ag Cu &it irES TR
ZK602-1TZ1 ~ Pyl 5072 4589 120 - 004 014  0.07 - - - 98.37 FeAs S
ZK602-1TZ2 Pyl 5085 4547 167 - 0.04  0.15 - - - 037 9891 FeAs) ;S5
ZK602-1TZ3 Pyl 5070 4561  0.52 - - 0.13 - - - 021 9758 FeAsoS1os
ZK602-1TZ3 Pyl 5173 4494  1.02 - - 0.10 - - 0.03 015  98.00 FeAs S,
ZK602-1TZ3 Pyl 5187 4456 122 - - 0.04 - - 0.07  0.14  98.07 FeASy0Ss0
ZK602-1TZ3 Pyl 5145 4533 176 0.3 004 0.8 - - 0.02 057  99.86 FeAso:S1s
ZK602-2TZ2 Pyl 5227 4701 097 - 005 017 029 057 - - 10138 FeAsynSio
ZK601-2TZ1 Pyl 5217 4622  1.54 - - 0.15 0.8 000  0.03 100.65  FeAsynS,s
ZK602-1TZ1 ~ Py2 5034 4573  0.43 - - 0.14 - - - 011  97.01 FeAs S
ZK602-1TZ1 ~ Py2 5149 4598  0.00 - - 0.12 - - - 98.04 FeS, 5
ZK602-1TZ2  Py2  51.04 4546 085  0.08 - 0.08 - - 0.04 010  98.07 FeAs oS0
ZK602-1TZ3  Py2 5216 4516  0.67 - - 0.18 - - - 026 9856 FeASo0Sao
ZK602-1TZ3 ~ Py2 5262 4580 021 - - 0.19 - - - 0.11 99.17 FeS,
ZK602-1TZ3  Py2 5285 4631  0.26 - - 0.19 - - - 0.14  100.18 FeS, 0
ZK602-1TZ3  Py2  53.67 4648 042 - - 0.16 - - - 022 10128  FeAsySin
ZK601-1TZI ~ Py2  53.04 4503  0.05 - - 0.07 - 0.25 - 98.67 FeS,s
ZK601-1TZ1 ~ Py2 5291 4519 024 0.9 - 0.14 - 0.67 - - 99.36 FeSy
ZK601-1TZ1 ~ Py2 5293 4524 016 0.6 - 0.42 - 0.00 - 99.19 FeS,
ZK601-1TZ1 ~ Py2 5305 4458 017  0.08 - 0.08 045  0.64 - 99.10 FeS,;
ZK601-1TZ2  Py2 5298 4594 0.6 - 003 007 007  0.00 - - 99.15 FeSy0
ZK601-1TZ2  Py2 5319 4535  0.00 - 0.04 024 - 0.24 - 99.15 FeS,0
ZK601-1TZ2  Py2 5236 4638 009  0.09 - 0.19 - - 0.02 - 99.36 FeS,s;
ZK601-1TZ2 ~ Py2 5333 4619 0.6 - - 016  0.06 - - - 100.05 FeS,,
ZK601-1TZ2  Py2 5296 4530  0.00 - - 0.09  0.09 - 0.03 98.53 FeS,0;
ZK601-1TZ2  Py2 5287 4571  0.07 - 006 020  0.00 - - - 98.94 FeSy
ZK602-2TZ1 ~ Py2 5256 4688 023 - - 0.18 000 0.8 - 100.25 FeS, s
ZK602-2TZ1 ~ Py2 5334 4659  0.07 - - 0.09 005 075 - 100.99 FeS,
ZK602-2TZ1 ~ Py2 5327 4638 001  0.03 - 0.13 - - - - 100.28 FeSy00
ZK602-2TZ1 Py2 5299 4610 023 - 0.03 025 - - - 99.80 FeS,.00
ZK602-2TZ1 ~ Py2 5288 4669  0.26 - - 024 016  0.78 - - 101.17 FeS,s;
ZK602-2TZ1  Py2 5220 4746  0.10 - 005 023  0.06 - 0.02 - 100.26 FeS,s
ZK602-2TZ1  Py2 5190 4691  0.00 - - 0.07  0.08 - - 99.00 FeS, s
ZK602-2TZ1 ~ Py2 5179 4617  0.06 - 006 027  0.09 - - 008 98091 FeS, 5
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FE & i o R S Fe As Au Se Pb Ni Co Ag Cu Gt HES T
ZK602-2TZ1  Py2 5279 4753 0.0 - - 0.07 - - - 0.08  100.80 FeS, o
ZK602-2TZ1  Py2 5260 4756  0.00 - - 0.23 - - 0.05 - 100.50 FeS, s
ZK602-2TZ1  Py2 5246 4625  0.17 - - 0.13 - 0.62  0.06 - 99.79 FeS,
ZK602-2TZ1 Py2 5256 4713 0.19 - - 022 0.10 - 0.04 0.2  100.54 FeS,
ZK602-2TZ1 ~ Py2 5248 4693 021 - - 022 010  1.00 - - 101.10 FeS, o5
ZK602-2TZ1 ~ Py2 5290 4677  0.00 - 003 010 017 037 - - 100.55 FeS,
ZK602-2TZ2  Py2 5258 4688  0.09 - 0.03 028 008 027 - - 100.25 FeS, s
ZK602-2TZ2  Py2  51.80 4649  0.15 - - 0.15 - - 0.03 - 98.83 FeS, o
ZK602-2TZ2  Py2 5270 4718  0.22 - - 025  0.07 - 0.03 - 100.46 FeS, o5
ZK602-2TZ2  Py2  53.04 4642 0.3  0.09 - 0.16 0.0 0.8 - 0.13  100.34 FeS, g
ZK602-2TZ2  Py2 5292 4732  0.00 - - 0.15 008 029 - - 100.90 FeS, s
ZK602-2TZ2  Py2 5314 4618 000  0.09 - 0.08 - 0.96 - - 100.56 FeS,
ZK602-2TZ2  Py2 5296  46.03  0.00 - - 0.19 022 042 - - 99.86 FeS,00
ZK601-2TZ1 ~ Py2 5260 4683 054 - - 0.12 - 038 005 009 10061  FeAsySq
ZK601-2TZ1 Py2 5244 4615 032  0.07 - 0.05 024 - - - 99.43 FeAs, S, o5
ZK601-2TZ1 ~ Py2 5269 4635 023 - - 0.28 - - - - 99.81 FeS,
ZK601-2TZ1 ~ Py2 5080 4453  0.60 - 0.05  0.07 - - - - 96.14 FeAsyn S0
ZK601-2TZ1 ~ Py2 5252 4613  0.00 - - 0.17 0.8 - - - 99.54 FeS, s
ZK601-2TZ1 ~ Py2 5290 4638 025 - 007 021 042 037  0.04 - 100.79 FeS,
ZK602-1TZ1 Py3 4549 4276 931 - 0.04 020 032 - 0.04 068  99.14 FeAs) sS,ss
ZK602-1TZ2  Py3 4454 4089 991 - 0.03 020 - - - 218 9832 FeAs 58,00
ZK602-1TZ2  Py3 4359 4181  12.53 - 005  0.12 - - - 034  98.78 FeAs)»S, s
ZK602-1TZ2  Py3 4410 4284  11.95 - 0.04  0.12 - - - 040  99.60 FeAs,,S, 7
ZK602-1TZ2  Py3  43.07 4223 1276 - 0.08  0.20 - - - 036  98.99 FeAs) S, 7
ZK602-1TZ2  Py3 4567 4272 11.45 - 0.04  0.10 - - 0.03 026 10052  FeAsyyS g
ZK602-1TZ2  Py3 4455 4214 1129 - 0.08 0.5 - - - 043  98.99 FeAs) S,
ZK601-1TZ1  Py3  47.14 4309 9.1 - 0.04 015 0.1 - - - 100.06  FeAs, (S0
ZK601-1TZ1 Py3 4662 4249 989 023 006  0.09 - - - - 99.68 FeAsy ;S0
ZK601-1TZ1 ~ Py3 4728 4234 809  0.13 - 0.14 - - 0.03 0.5  98.40 FeAs) 1S 04
ZK601-1TZ1 ~ Py3  46.16 4238  10.47 - 0.05 007  0.10 - - 0.16  99.51 FeAsysS,00
ZK601-1TZ1 Py3 4721 4230  8.60 - 0.03 013 015 029 - 0.00  98.79 FeAs,, 5S04
ZK601-1TZ2  Py3 4759 4320 827 009 003  0.13 - - - 028  99.76 FeAsy4S 102
ZK601-1TZ2  Py3 4466 4230  12.08 - 0.06  0.12 - - - - 99.53 FeAs)yS, s
ZK601-1TZ2  Py3 4740 4336  9.43 - 0.10  0.06 - - - - 10038 FeAsy S0
ZK601-1TZ2 ~ Py3  47.61 4386  8.45 - - 0.27 - 0.60 - - 100.89  FeAs, S,
ZK601-1TZ2  Py3 4486 4252  11.51 - - 0.19 - - - 0.11 99.28 FeAs) S,
ZK601-1TZ2  Py3 4623 4333  9.69 - 0.10 012  0.06 - - 0.17  99.87 FeAsy ;S
ZK601-1TZ2 ~ Py3  46.12 4418 1041 007 006  0.13 - - - - 101.07  FeAsy;Sis
ZK602-2TZ1 Py3 4517  43.02 1145 - 0.04  0.17 - - 0.04 0.9  100.41 FeAs, 1S,
ZK602-2TZ1  Py3 4537 4286 1129 - - 0.05 - - - 0.09  99.83 FeAs)S .
ZK602-2TZ1  Py3 4585 4310  10.66 - 0.07  0.13 - 0.29 - 0.09 10033  FeAs ;S5
ZK602-2TZ1  Py3 4620  44.45 1038 - 0.03 013 0.1 - - 0.11 10156  FeAs, ;S5
ZK602-2TZ1  Py3 4523 4273 1117 - 0.10  0.09 - 0.49 - 0.14  99.94 FeAsq 08,54
ZK602-2TZ1 Py3 4625 4350 1031 - 0.03 016 0.1 - - - 100.45  FeAs sS,ss
ZK602-2TZ1  Py3 4672 4336  9.50 - 004  0.12 - - 0.05 022  100.13  FeAsy ;S
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FE o 7] S Fe As Au Se Pb Ni Co Ag Cu Gt HES T
ZK602-2TZ1 Py3 4617 4454  9.90 - - 023 005 045 - 0.10  101.65  FeAs,;;S,s
ZK602-2TZ1 Py3 4744 4459 795 - - 0.07 000  0.00 - - 100.44  FeAsy;sSiss
ZK602-2TZ1 Py3 4657 4473 849 - - 0.13 000  0.00 - 0.10 10026  FeAsy.S.q
ZK602-2TZ2 Py3 4632  44.04 998 - 012 009 000 000 003 010 10076  FeAs, ;S5
ZK602-2TZ2 Py3 4585 4351  10.79 - 0.05 012 000 0.0 - 0.17  100.62  FeAsy;sS s
ZK601-2TZ1 Py3 4767 4339 747 026 - 0.12 008 028 - - 99.47 FeAsy, ;S0
ZK601-2TZ1 Py3 4619 4419 1034 - - 0.00  0.00  0.00 025 10097  FeAs,;Siq
ZK601-2TZ1 Py3 4494 4226 1237  0.14 - 0.08  0.05  0.00 - - 99.99 FeAs) S,
ZK601-2TZ1 Py3 4596 4326  11.12 - 0.09 021 006 000 003 - 100.94  FeAsy;sS, 55
ZK601-2TZ1 Py3  46.04 4214  11.07 - 0.08 027 000 0.00 - - 99.79 FeAS)2S100
ZK602-2-TZ1  Py3 3860 4022  19.81 - 0.10 0.8 000 057 - - 99.49 FeAsy S, ¢
ZK602-2-TZ1  Py3 3823  40.64  19.58 - 0.08 0.0 0.1  0.00 - - 98.74 FeAs S, 6
ZK601-2TZ1 Py3 4394 4179 1224 011 008 024 000 000 0.03 - 98.42 FeAs)»S .3
ZK601-2TZ1 Py3 4442 4182 1172 012 - 0.10  0.00  0.00 - - 98.18 FeAs)»S, s
ZK602-1TZ2 Py3 4525 4164 1092 0.4 006 0.8 000 000 004 038 986l FeAS) S5
ZK602-1TZ2 Py3 4524 4134 1040 - - 0.00 005 068 - 049  98.19 FeAsy 108101
ZK602-2TZ1 Py3 4619 4279  9.60  0.13 - 0.09 - - - - 98.79 FeAsy 1S s
ZK602-2TZ1 Py3 5050 4401 291 - - 0.22 - 046 004 032 9846 FeAsgsS,
ZK602-1TZ1 Py4 4926 4478 339 - - 0.09 - - 002 020 9791 FeAsy S0
ZK602-1TZ1 Py4 4894 4506 234 - - 0.14 - - 0.04 018  96.82 FeAs) S, s
ZK602-1TZ1 Py4 5035 4540 172 - - 0.20 - - - 0.16  98.18 FeASy0S .03
ZK602-1TZ1 Py4 4931 4500 326 - - 0.11 - - - 0.11 9793 FeAsysS,01
ZK602-1TZ2 Py4 4587  41.11 231 - 0.03 020 - 0.27 - 0.13  89.98 FeASy S, 04
ZK602-1TZ2 Py4 5048 4456 3.0l - 0.04 009 0.11 - - 0.11  98.63 FeAsysS,07
ZK602-1TZ2 Py4 5040 4481 305 0.9 - 0.10  0.06 - - 0.13 9874 FeAs)4sS, o6
ZK602-1TZ3 Py4  51.00 4498  3.03 - - 0.18 - - - 0.18  99.65 FeAsy 58,67
ZK602-1TZ3 Py4 4981 4496 292 - - 0.09 - - - 0.17  98.17 FeAsysS13
ZK602-1TZ3 Pyd 5061 4493 299 - - 0.17 - - 0.03 015  99.07 FeAs,5S, 06
ZK602-1TZ3 Py4 4833 4458 266 0.1 - 0.18 - - - 021 9625 FeAsy S,
ZK602-1TZ3 Py4 5145 4512 233 0.10 - 0.21 - 0.25 - 0.12  99.65 FeAsy S, 00
ZK602-1TZ3 Py4  50.84 4536 293 - - 0.16 - - - 0.14  99.70 FeAsy05S 105
ZK602-1TZ3 Py4 5072 4520 222 - 0.04 028 - - - 0.15 9883 FeAsyuS.ss
ZK602-1TZ3 Py4 5080 4440  2.89 - - 0.16 - - - 0.17  98.66 FeAs)4sS 00
ZK602-1TZ3 Py4  50.17 4503  3.12 - - 0.27 - - - 0.17  98.98 FeAS) 5S04
ZK602-1TZ3 Py4 5117 4527 252 - 0.03  0.15 - - - 0.16  99.87 FeAsy S0
ZK602-1TZ3 Pyd 5060 4502 336 0.1 - 0.05 - - - 024  99.77 FeAs S, 06
ZK601-1TZ1 Py4  50.13 4431 422 - - 0.07 008 042 - - 99.54 FeAsy,S,o7
ZK601-1TZ1 Py4 5149 4404 271 - 0.04  0.16 - - 0.05 - 98.61 FeAsy5S,.0s
ZK602-2-TZ1  Apy  23.07 3529  40.87 - 0.15 - - - 0.06 - 99.43 FeAss6S,.14
ZK602-2-TZ1  Apy 2349 3536 4041 - 0.14 0.5 - - - - 99.46 FeAsyssS 16
ZK601-2TZ1 Apy 2193 3410 4261 - 0.15 - 0.04 057  0.03 - 99.41 FeAsy5:S, 12
ZK601-2TZ2 Apy 2224 3460 4210 010  0.12  0.13 - 0.00 - 0.11 9939 FeAsy0 Sy,
ZK601-2TZ2 Apy 2238 3465 4199 012 023 - - 0.74 - - 100.11  FeAsyoS. 1
ZK601-2TZ1 Apy 2213 3397  41.96 - 0.13 011 005 0.00 - - 98.35 FeAsy0S,.3
ZK602-1TZ2 Apy 2295 3502 4L11 019 014 000 007 0.0 - 0.16  99.66 FeAsy S, 14
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FE & i o R S Fe As Au Se Pb Ni Co Ag Cu Gt HES T
ZK602-1TZ2  Apy 2299 3599 4082 018 016 000 000 021 - - 10034  FeAsysS,,
ZK602-1TZ2  Apy  23.89 3498 3994 0.2 023 010 006 040 - - 99.73 FeAs)ssS,.10
ZK601-2TZ1 ~ Apy  23.86 3496  39.79 - 0.24 - - - - - 98.85 FeAsssS110
ZK601-2TZ1 ~ Apy 2430 3586  39.17 - 0.14 017 004 0.0 - - 99.67 FeAsysS, s
ZK601-2TZ1 ~ Apy 2680 3657  36.15 - 0.20 - - - - - 99.90 FeAs) 1S,
ZK601-2TZ1 ~ Apy 2674 3631 3525 010  0.17 - - - - - 98.57 FeAsy S
ZK601-2TZ1 ~ Apy  27.65 3639  34.88 - 0.19  0.09 - - - - 99.20 FeAs S,
ZK601-2TZ1 ~ Apy 2838 3699  33.70 - 0.15  0.11 - - 0.04 - 99.36 FeAsy S,
ZK602-1TZ2  Apy  28.18 3776  33.67 - 020  0.07 - - - - 99.88 FeAsgS1 30
ZK602-1TZ2  Apy 2857 3671  33.05 - 0.18 0.1 - - - - 98.63 FeAs) S,
ZK602-1TZ2  Apy 2993 3699  31.54 - 0.11 009  0.06 - - - 98.73 FeAsyeuS.a
ZK602-1TZ2  Apy 3021 3741  30.85 - 021  0.12 - - - - 98.80 FeAs,qSia
ZK602-1TZ2  Apy 3113 3790 3042 0.1 008 026 - - - - 99.90 FeAsoS1as
ZK602-1TZ2  Apy  31.05  37.82  29.50 - 0.14 - - - - - 98.52 FeAssSia
ZK602-1TZ2  Apy 3141 3747  29.18 - 012 022 - - - - 98.40 FeAs, 53,46
ZK602-1TZ2  Apy 3292 3747  27.56 - 015 013 - 0.20 - 0.14 9857 FeAsyssSis;
ZK602-1TZ2  Apy  22.64 3425 4192 007 021 011 006 017 - 0.10  99.53 FeAsysSys
ZK602-1TZ3  Apy 2122 3373 4370 - 027 005  0.00 - 0.02 - 99.00 FeAsyS,.10
ZK602-1TZ3  Apy 2401 3483  40.74 - 020 005  0.02 - - - 99.86 FeAsys:S1
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Fig. 9 Fe-As-S ternary diagram of the pyrite and arsenopyrite from the Laojunmiao gold deposit
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