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Fig. 1 Geotectonic location (a) and regional geological map (b) of the Jingchong copper-cobalt deposit in Liuyang city
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Fig. 2 Geological schematic map of the Jingchong copper-cobalt deposit in Liuyang city
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Fig. 4 Surrounding rock and ore characteristics of the Jingchong copper-cobalt deposit in Liuyang city
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Fig. 5 Mineral association of different mineralization stages at the Jingchong copper-cobalt deposit
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Table 2  Electron probe data and characteristics of different generations pyrite at the Jingchong copper-cobalt deposit

S Pb Bi Ag Co Zn Te As Se Fe Ni Cu A&

S AL B RHE o~ aFR
200-D06-2-1-Pyl-3 Pyl 53.02 000 0.00 0.00 0.09 000 000 001 000 4593 0.01 094 100.00 Fe; S0
200-D06-2-1-Pyl-4 Pyl 53.09 000 0.00 001 0.0 000 000 0.14 000 4641 0.00 001 99.76 Fe;gSis
200-D06-2-1-Py-7 Pyl 5305 000 0.00 001 0.5 001 001 003 000 4618 000 032 99.75 Fe;wSa00
200-D06-2-1-Py-19 Pyl ARFYT AR 5329 000 000 001 033 001 000 005 001 4622 000 000 9993 FeiSao
50-D06-2-Py-2 Pyl 5257 000 0.00 003 008 000 001 115 000 4538 000 001 9924 FewSi0n
50-D06-2-Py-5 Pyl 52690 000 0.00 000 026 000 000 1.0l 000 4592 0.03 001 9991 Fe;wSy00
50-D06-2-Py-10 Pyl 5322 000 0.00 000 0.5 000 000 0.12 0.00 4607 0.00 0.00 99.56 Fe;nSs0n

0-D03-1-Py-1 Pyl 5353 000 0.00 001 0.7 000 006 008 000 4650 0.00 0.00 10034 Fe;nSs00

0-D03-1-Py-2 Pyl 5370 0.00 0.00 001 0.1 000 000 000 000 4638 0.00 000 10020 Fe;gS20
0-D03-1-Py-3 pyll Stk 53.17 000 0.00 000 0.5 000 002 012 002 4642 0.00 002 99.92 Fe gSis
0-D03-1-Py-4 pyll 5356 0.00 0.00 000 0.60 001 001 000 003 46.07 0.00 000 10028 Fe;gSi0
0-D03-1-Py-5 Pyl 53.16 0.00 0.00 001 0.0 000 000 059 0.0 4621 0.00 000 100.08 Fe;pSy00
0-D03-1-Py-25 Pyl 5325 000 0.00 000 008 000 000 019 000 4644 000 001 99.96 FewSs00
0-D03-1-Py-26 Pyl 53.13 000 0.00 000 0.6 000 001 075 000 46.10 002 0.00 100.16 Fe;Sz0
0-D03-1-Py-27 Pyl A, Fse 253 000 000 000 007 000 000 152 000 4610 000 0.00 10021 FeroSios
0-D03-1-Py-28 Pyl 5373 000 0.00 000 008 000 000 002 0.01 4659 000 0.02 10044 Fe; S0
0-D03-1-Py-29 pyll 5346 000 0.00 000 0.4 000 000 012 0.00 4627 0.00 002 10001 Fe;gSyon
0-D03-1-Py-30 Pyll 5211 000 0.00 0.00 008 000 000 246 000 46.08 0.00 000 100.73 Fe;gSier
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gk
SV SRR S S Pb Bi Ag Co Zn Te/o/ As Se Fe Ni Cu Mif At
wg/70

200-D06-2-1-Py-1 Pyl 5318 0.00 0.00 0.00 0.07 003 002 001 001 4624 0.00 0.02 99.56 Fe;Sa00
200-D06-2-1-Py-2 Pyl 5333 0.01 0.00 0.01 008 001 0.00 001 000 4649 0.01 0.03 99.98 FeiS200
200-D06-2-1-Py-5 Pyl T 5144 0.00 0.00 0.0 008 0.00 0.03 278 000 4582 0.00 0.0 100.14 Fe; S
200-D06-2-1-Py-4 Pyl 5272 000 0.00 0.00 0.1 000 0.0 0.07 001 4556 0.00 0.90 99.37 FeigSzo1
200-D06-2-1-Py-8 Pyl 5238 0.00 0.00 0.00 007 0.00 000 136 0.00 46.05 0.00 0.00 99.86 FeyoSios
200-D06-2-1-Py-9 Pyl 5111 0.00 0.00 0.02 007 000 000 322 000 4541 0.03 001 99.87 Fei0Sios
-150-D2-Py-16 Pyll FlE L1, HBCBET 5353 000 000 000 0.1 000 000 000 003 4653 0.00 0.00 100.20 Fe;S200
-150-D2-Py-15 Pyl HE L -2, MAEEERET  53.00 0.00 0.00 001 0.09 0.00 0.00 043 0.03 46.62 0.00 0.00 100.18 Fe; oS08
-50-D7-Py-13 Pyll FIET-1, HRCEERT™ 52,89 0.00 0.00 0.00 0.10 0.00 0.00 0.01 0.00 4509 0.00 0.00 98.09 FeiSs0s
-50-D7-Py-14 Pyll FIET -2, HAEEET 5287 0.00 0.00 001 0.2 0.00 0.04 0.00 0.00 4546 0.00 0.00 98.51 FeiSz0s
0-D03-1-Py-6 Pylll-1 52.17 0.00 0.00 0.00 0.1 001 0.00 1.82 000 4573 0.00 0.02 99.86 Fe S
0-D03-1-Py-7 Pyll-1 5338 0.00 0.00 0.03 032 0.02 0.00 0.0 0.00 46.06 0.00 0.00 10030 FejpS202
0-D03-1-Py-8 Pylll-1 52.09 0.00 0.00 0.03 0.08 0.00 0.00 2.15 0.00 4575 0.00 0.00 100.10 FejSios
0-D03-1-Py-9 Pyll-1 5357 0.00 0.00 0.00 0.08 000 0.04 000 0.00 4655 0.02 0.0 100.26 FeiS200
0-D03-1-Py-10 Pyll-1 5354 0.01 0.00 0.00 0.13 0.00 000 000 004 4620 0.01 0.02 99.95 FeipS20
0-D03-1-Py-11 Pyll-1 5345 0.00 0.00 0.01 065 0.00 000 000 001 46.00 0.00 0.00 100.11 FeypS202
0-D03-1-Py-12 Pylll-1 WERNEL LR AR ERET 5140 0.00 0.00 0.00 0.09 0.00 0.01 337 0.00 4579 0.00 0.00 100.65 Fe0Sios
0-D03-1-Py-13 Pylll-1 5326 0.00 0.00 0.00 0.19 000 0.02 000 002 4644 0.00 0.01 99.94 Fei0S200
0-D03-1-Py-14 Pyll-1 53.69 0.00 0.00 0.01 0.6 0.00 0.0 0.01 0.02 4600 0.00 0.00 99.89 FeipS205
0-D03-1-Py-15 Pyll-1 5356 0.00 0.00 0.02 0.13 0.00 0.00 000 003 46.69 0.01 001 10044 FeSs00
0-D03-1-Py-16 Pylll-1 5200 0.00 0.00 0.02 0.6 0.00 0.04 230 0.00 4595 0.01 0.00 10048 FejpSior
0-D03-1-Py-17 Pyll-1 5376 0.00 0.00 0.01 012 001 0.02 003 000 4659 0.00 0.00 100.54 FeSz01
0-D03-1-Py-18 Pylll-1 51.08 0.00 0.00 0.00 037 002 001 3.67 000 4519 0.01 0.02 10035 FeypSior
-150-D2-Py-14 Pyll-2 i 1-3, WEIFEES 5334 000 000 000 1.01 000 001 002 004 4567 0.04 0.00 100.11 Fe;oS203
-150-D2-Py-13 Pyll-2 & I -4, BEEFAFHRET 53.60 0.00 000 000 028 000 0.00 000 001 4639 002 0.00 10030 Fe;S101
-150-D2-Py-12 Pyll-2 & I-5, SEFFHET 5359 0.00 000 0.00 352 000 005 001 002 43.60 0.00 0.00 100.78 Fei0Ss14
-150-D2-Py-11 Pyll-2 & -6, SEFFHET 5387 0.00 0.00 0.00 0.16 000 0.00 003 000 4546 1.18 0.09 100.79 Fei00S206
-50-D7-Py-15 Pyll-2 HIH -3, ZALREET™ 5298 0.00 0.00 001 1.53 000 0.00 035 000 44.82 0.00 038 100.08 Fei00S206
-50-D7-Py-16 Pylll-2 HlH -4, ZALREYS" 5277 0.00 0.00 001 044 000 000 0.00 0.00 4526 0.02 0.00 9848 FeoS20
-50-D7-Py-20 Pyll-2 AIEI-5, Z4LIREEETT 52,88 0.00 0.00 0.02 0.5 0.01 001 0.01 004 4511 0.00 0.00 9823 FejpSr0
sph-1-1-Py-12 PylV 5315 0.00 0.00 0.00 0.07 003 0.02 079 0.00 4622 000 0.02 10029 FeiS200
sph-1-1-Py-13 Pyl\i S R B 5334 0.00 0.00 0.00 0.0 0.04 000 061 000 4631 0.00 0.01 10042 FeygS201
sph-1-1-Py-14 PylV 5345 0.00 0.00 0.00 021 027 000 050 0.00 46.07 0.10 0.00 100.61 FeypS202
sph-1-1-Py-15 PylV 52.82 0.00 0.00 0.00 0.09 007 003 1.66 000 46.18 0.00 0.01 100.85 Fe; S
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i 3 A A o R 2 (B0 ) p-XRF 5250 2 58 %,
it I A Ry 8 6] A 5 5 (Bruker) /A 7] A2 77 1) M4
Tornado I PERERLIX. X SR HEIEIEIEIL (u-XRF) .
AL A B E Rh #0556 X SRSB4 R 2 4 30 mm”
FEERSHENES (SDD), BB /3 HE%<145 eV@300keps.
P2 S BANE REH X SRR 17 um,
T ARAFAR AR ) 23 [8] 3 BE R, SEAT R0k BE ) sS4
LR A AT R E 4T, (Na-Am9s),
— YR R A% AR 200 mmx 160 mm, K5 R f5E
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ML 98.09% ~ 100.85%, 114475 2 () B kB
531N Fet.00S1.96-2.14, FEATEIT T A Y ERAE 73
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19 B 53 s, RV L 98.65% ~ 100.89%, 1154
2B EED 531 N Fer00A80.92-1.0351.01-1.14, WLIEAS
Pk TREAD I AR 4> T2 FeAsS. # 4 Wi —
WERES T — 1 B B A RERR AR 7 0 a0 B, HE
TE R 98.11% ~ 100.15%, 1515 2] (4 45 45 5 43
F3H Co1.00Ni0.00-0.08F€0.03-0.19A80.89-1.0051.05-1.265 5 F
AR 7> 720 CoAsS #H L, PHES 7 & DB Y Fe B
fRo 3 5 Ak -2 4 IR i —a S o B ) B
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FHER 0.48%; fikliR th—2 & Ja i Ak —A 9 il
B BE () 8 Bk 5 (PyIV) Y Co Jfi & 43 B0 M 0.07% ~
0.21%, FY¥I{H K 0.12%. LI A1 —f1 F—E 20 [
BEHYFEE Co 23BN 0.08% ~ 1.95%, FH{E K
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Fig. 6 p-XRF mapping of Co from typical cobalt-rich pyrite at the Jingchong copper-cobalt deposit
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Fig. 7 BSE photos of the representative cobaltite in the Jingchong copper-cobalt deposit

R3 FHEST REWEFREES

Table 3 Electron probe composition of arsenopyrite at the Jingchong copper-cobalt deposit

o) S Pb Bi Ag Co Zn Te As Se Fe Ni Cu Bit e
we/%
50-D06-2-Apy-I  21.12° 004 030 000 008 000 000 4314 000 3420 000 0.0l 98.89  Fero0As00sSi0s
50-D06-2-Apy-2 2082  0.00  0.00 001 009 000 000 4363 000 3419 000 002 98.76  Fei00As095S1.06
50-D06-2-Apy-3 2098 0.0  0.00 000 195 000 000 438 000 3246 028 0.2 99.65  FeygoAsi0iS113
50-D06-2-Apy-4 2175 000 000 000 012 000 000 4235 000 3443 000  0.00 98.65  FenoAso9Siio
50-D02-Apy-1 2009 000 000 001 009 001 000 4686 000 3377 000 006 10089  FeyoAsi oSt
50-D02-Apy-2 2146 001 000 000 008 000 000 4406 000 3414 000 0.0 99.74  Fe;oAs0.96S1.09
50-D02-Apy-3 2280 002 000 003 009 002 003 4288 000 3471 000  0.02  100.60  FeyoAsy5Siia
50-D02-Apy-4 1969 006 000 000 010 000 000 4688 000 3411 000 000 10085  FejoAsi0Sio
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Table 4 Electron probe composition of cobaltite at the Jingchong copper-cobalt deposit in Liuyang City
R S Pb Bi Ag Co Zn Te As Se Fe Ni Cu it e
wa/%
100-DO11-Co-2 20.64  0.00 0.00 000 36.01 0.00  0.00 4082 024 095 020 0.00 98.86 Co1.00Fe0.03A80.89S1.05
100-DO11-Co-3 20.17  0.00 000 000 3379 0.00 0.04 41.08 024 284 015 0.00 98.32 Co1.00F€0.00AS0.9651.10
100-DO11-Co-5 1992  0.00 0.00 0.01 3453 000 002 4123 021 2.04 016  0.00 98.11 Coy.00Fe0.06A80.94S1.06
0-D03-1-Co-8 1837  0.00 0.00 000 31.70 0.00 0.00 4378 021 1.67 244  0.00 98.18 Cor.00Fe0.06A81.0981.07
50-D03-2-Co-1 1927 0.00 0.00 000 3322 0.00 0.01 4365 026 203 006 0.00 98.50 Co1.00F€0.06A81.0351.07
200-D06-2-1-Co-4  20.64  0.00  0.41 0.02 3266 002 005 4261 0.16 255 0.64 0.00 99.74 Co1.00Fe0.08As1.0351.16
200-D06-2-1-Co-5 2085  0.00  0.00 0.00 3052 0.00 0.01 41.71 0.21 474 049  0.00 98.53 Cor.00Fe0.03A80.89S1.12
200-D06-2-1-Co-6 2046  0.00 0.00 0.00 3258 000 000 4232 024 319 032 0.00 99.11 Co1.00F€0.03A80.8951.13
200-D06-2-1-Co-7 ~ 20.65 0.02 000 0.00 3139 000 000 4219 022 551 0.16  0.00 100.15  CoygoFeq.03A80.89S1.14
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Table 5 Electron probe composition of chalcopyrite at the Jingchong copper-cobalt deposit in Liuyang City
I S Pb Bi Ag Co Zn Te As Se Fe Ni Cu it I
wa/%
0-D07-1-Cep-2 33.46 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.00 30.43 0.00 34.36 98.27 CuyoFer01S1.93
0-D07-1-Cep-3 33.87 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 30.35 0.00 34.47 98.71 Cu; goFe1.00S1.95
0-D07-1-Cep-4 33.93 0.00 0.00 0.03 0.00 0.02 0.00 0.00 0.00 30.40 0.00 34.43 98.81 Cuy goFe1.0051.95
0-D03-1-Ccep-1 34.23 0.01 0.00 0.01 0.00 0.02 0.00 0.00 0.00 30.35 0.00 34.70 99.30 Cuj goFer.00S1.95
0-D03-1-Cep-2 33.45 0.06 0.00 0.00 0.00 0.03 0.00 0.00 0.02 30.01 0.00 34.83 98.40 Cu; goFe.0851.90
50-D03-2-Cep-1 34.06 0.04 0.00 0.02 0.00 0.03 0.05 0.03 0.00 30.04 0.02 34.39 98.67 Cuy 00Fe0.9951.96
-100-D5-2-Cep-1 33.97 0.06 0.00 0.05 0.04 0.02 0.04 0.01 0.04 30.55 0.00 34.68 99.43 CujgoFer.00S1.94
-100-D5-2-Ccep-2 34.08 0.00 0.00 0.00 0.00 0.01 0.00 0.03 0.05 30.33 0.00 34.83 99.33 Cuy 00Fe0.9951.94
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Fig. 8 Fe-Co diagram (a) and Fe-Co+Ni diagram (b) of the Co-
rich zone in the coarse-grained pyrite (Fig. 6d)
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Occurrence state of cobalt in Jingchong copper-cobalt deposit in Northeast
Hunan Province, China
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Abstract: [Objective] The Jingchong copper-cobalt deposit, located in the ore-concentration area of northeastern
Hunan Province, contains medium-scale cobalt resources. However, the cobalt occurrence and the relationship
between copper and cobalt mineralization remian unclear. [Methods] Based on detailed underground mine
investigations, combined with microscopic observation, pu-XRF scanning, backscattered electron imaging (BSE), and
electron probe quantitative analysis, the mineralization stages were divided, and the cobalt occurrence and the
relationship between copper and cobalt mineralization were studied. We proposed the comprehensive utilization of
cobalt . [Results] The results indicate that the cobalt occurrence in the Jingchong copper-cobalt deposit can be
classified into two major categories. The first category consists of invisible cobalt hosted in coarse-grained pyrite,
where cobalt enters the interior of coarse-grained pyrite through a dissolution-reprecipitation process. The second
category is the independent cobaltite mineral, which is further subdivided into four different occurrences: cobaltite
occurring as a rim or interstitial texture along the margins or within the interior of coarse-grained pyrite; cobaltite
located at the edge of the porous within coarse-grained pyrite; fine-grained cobaltite-pyrite aggregates hosted in
quartz adjacent to the coarse-grained pyrite; and fine-grained cobaltite-pyrite aggregates oriented and distributed in
the quartz growth bands. In terms of cobalt resource contribution, invisible cobalt in coarse-grained pyrite
dominates. Additionally, the mineralization sequence indicates that cobalt mineralization mainly occurs in the
intermediate stage of the hydrothermal period, while copper mineralization occurs in the late stage, and lead-zinc
mineralization is nearly simultaneous with or slightly later than copper mineralization. [Conclusion] Due to the
relatively low content of cobaltite minerals and its grain size predominantly less than 30 um, conventional mineral
processing fineness is difficult to effectively separate them. Therefore, the focus of comprehensive cobalt utilization
should be on the coarse-grained cobalt-rich pyrite. The delineation of cobalt-rich ore bodies and the optimization of
beneficiation process could potentially enhance the cobalt grade in sulfide concentrates and achieve comprehensive
cobalt utilization.

Key words: cobalt deposit; cobalt-rich pyrite; cobaltite; cobalt occurrence; p-XRF; Jingchong coppe-cobalt

deposit; Northeast Hunan Province
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