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Fig.1. Geological sketch map of the Baiyangping
copper-cobalt polymetallic deposit.
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Table 1. Contents of REE and trace elements in rocks, altered rocks and ores from the Baiyangping copper-cobalt polymetallic deposit

b1 3 wip2-1  flc-140  chpl-1  hx-28-1 hx-28-2 hx-28-3 hx-284 hx0 hx-23 hx-25 hx-27  byplOl  byplO5

Li 16.6 311 11.4 313 275 284 187 640 655 588 551 662 98.2
v 69.2 92.9 96.9 75.4 9.5 80.7 87.1 31 18 14.2 56 14.2 58
Cr 63.4 69.1 74.4 68.2 81.7 79 30.8 33.7 30.3 2.3 29.6 25.2 n.1
Co 11.3 7.92 15.1 16.3 29.6 21.5 32 1729 1594 5670 91.9 11352 234
Ni 29.8 2.9 39.3 25.2 35.4 33.5 2.9 242 686 3518 44 1733 95.9
Cu 5.1 10.2 4.6 2 68.5 28.2 113 10513 1832 5859 1940 87900 61600
Zn 56.9 97.9 75.3 75.2 68.3 67.3 47.8 1336 286 705 621

Ga 13.1 23.7 17 18.9 21.4 20.5 7.4 4.73 5.91 4.83 5.24 .n 3.4
As 21.7 36.7 27.3 37 82.9 333 133 7354 3571 14113 947 54539 32398
Rb 64.6 62.6 531 181 17 209 41.7 12.1 21.1 15 14.1 7.49 5.47
Sr 7.3 175 87.7 366 621 193 1427 359 309 274 287 194 T4
Y 27.9 25.3 4.9 25.9 30.2 33 83.9 11.5 7.64 11.6 12.8 4,38 6.49
Zr 175 136 139 163 139 180 50.9 208 84.4 65 75.4 101 39.9
Mo 0.688 0.543 0.688  0.677 4.05 0.725 1.15 2.04 9.9 28.37 0.753 12.1 39.5

0.061 2.81 0.232 0.804 30 6.98 10.46 3.13 189 198

0.263 0.237 0.277 0.269 0.408 0.288 1.35 5.39 0.848 3.66 1.36 3.2 16.3
7.98 5.14 1.49 5.5 3.77 9.98 12.6 1322 183 432 192 5877 998
3.48 12.8 6.97 45.6 40.2 62.4 7.07 1.4 2.16 1.8 1.44 1.02 1.13
311 154 193 447 461 426 172 88.9 89.96 86 64.1 108 126
5.64 4,94 4.57 5.33 4,46 5.97 1.48 6.53 2.65 2.1 2.55 2.12 1.04
0.891 1.2 0962 1.38 1.28 1.57 0.429 0.657 0.387 0.335 0.363 0.293 0.266
0.36 0.674 0.499 1.3 1.17 1.15 0.561 0987 0.258 0.403 0.074 5.9 0.863

18.2 18.1 15.3 50.6 4.6 14.2 56.4 87.4 49.5 70 63.7

0.644 0.291 0.316 0.258 0.474 0.745 1.21 268 55.2 121 23 1274 57
9.97 15.7 11.4 17.2 16.9 19.6 10.3 10.6 6.05 5.04 5.8 4.57 3.8
2,51 2,62 2,17 3.62 6.67 4.45 12.4 3.39 1.93 30.4 1.68 1.66 1.63
4.2 33.6 27.3 40.1 45.9 45.9 72.6 27.4 2.6 17.1 14.6 13.8 9.78
49.8 63.1 48.2 81.8 %4.7 %4.7 129 56.8 42.9 3.1 2.4 26.9 19.5
5.6 7.96 6.58 8.61 10.1 10.1 17.7 6.17 4.7 3.75 3.95 3.08 2.31
3 30.6 26.1 32.4 38.3 38.3 76.9 2.8 17.5 15.3 12.5 11.4 9.17
4.73 5.66 5.34 5.86 7.67 7.67 19.9 4.48 3.36 3.42 2.5 2.47 2.2
1.02 1.01 1.03 0.947 1.38 1.38 3.97 0.648 0.636 0.749 0.526 0.446 0.489
4.9 4.8 4,77 4.23 6.32 6.32 18.5 2.9 2.57 2.74 2.61 1.88 2.64
0.81 0.74 0.74 0.705 0.98 0.98 2.81 0.35% 0.302 0.421 0.417 0.18 0.325
4.61 4.7 4,51 4.4 6.02 6.02 15.3 1.94 1.37 2.2) 2.5 1.06 1.49
0.91 0.98 0.9%4 094 1.12 1.12 2,74 0408 0.254 0.361 0.447 0.199 0.28
2.62 3.08 2.62 2.86 3.4 3.4 7.06 1.29  0.828 1.7 0.126 0.649 0.765
0.35 0.44 0.4 0.404 0.491 0.49 10.944 0.18 0.099 0.158 0.21 0.111  0.102
2.56 3.15 2.62 2.4 3.31 3.31 5.4 1.38 0.836  0.869 1.2 0.756 0.75
Lu 0.371 0.461 0.394  0.401 0.49 0.49 0.8 0.26 0.108 0.12 0.172 0.107 0.113
2ZREE 124.48 160.28 131.54 186.48 190.19 220.22 373.66 127.08 96.09 84.37 .3 63.05 49.98
ZLREE/ 2 HREE 6.27 1.713 6.74 10.1 8.63 8.93 5.97 13.47 14.06 9.61 7.2 11.74 6.72
(la/Yb)n  6.37 7.19 7.02 9.52 9.04 9.35 9.06 13.39 16.61 13.26 8.21 12.29 8.7
(La/Sm)n 3.2 3.73 3.2 4.3 3.2 3.76 2.28 3.4 3.86 3.14 3.67 3.51 2.2
(Gd/Yb)n  1.54 1.23 1.46 1.2 1.57 1.54 2.76 1.75 2.48 2.5 1.76 2.01 2.4
Ce/Ce" 1.03 0.93 0.87 1.06 1.04 1.06 0.87 1.05 1.05 1.08 0.93 0.99 0.99
Ew/En* 0.65 0.59 0.62 0.58 0.55 0.61 0.63 0.54 0.66 0.75 0.63 0.63 0.61

B wip2-1.Mlc-140.chpl-1 I RBHRME L, x-28-1~3 HREABEMTH  hx-284 HERAMMEL  RERRIVAH . SH

EHRIW; RAGEBEHE FHEE(ICP-MS) B, EFENZRORAFHAFT R BFEN RO TR, #AERGH
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(B)EAR-ERAT=TEGYV M ARA T .%%W*ﬁﬁi( x 400)
Fig.2. (A) Intergrowth of hypantomorphic-xenomorphic crystal aggregates of cobaltite and tennantite ( x 400);
(B) automorphic-xenomorphic crystal of cobaltite with zonal texture in siderite and calcite ( x 400).
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9.62% , V% 6.81% ; R TEIEREET L — 2§
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B Co/Ni lLEATF 1.32~3.33, F¥1% 2.2, 54
JISRRE AT R = R EET Co/Ni Hu{E
1.74 . WBFRERO 0T R, — 5
% As-Co 1A 5 As-Co-Ni A&, 0% CoNi HE
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— AN As-Co 1A EFMBEKA X, T As-
Co-Ni &5 M- BEEERKA X, dILTTHEN
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Table 2. The results of EPMA quantitative analysis for cobaltite, tennantite and cobalt-pyrite

i As Fe Ca Ag Zn Sh Bi 5 Pb cd Co Ni
R 2.71  6.60 1.08 0 30.% 0.9 18.98 14.42
it Loy 43,61 429  0.14 0.4 2337 007 0.07 1857 10.53
R B8 6.7 0.82 0.12 0.04 2348 0.03 0.03 19.81 12.08
HERb 27 962 133 0.3 046 R.77 0.03 0.00 2398 7.20
BB RS 18.57 1.20 42.83  0.08 4.86 4,21 0.3 2797 0. 0.03 0.2 0
BRI 11,76  1.08  40.58  0.28 5.02 6.10 1015 255  0.04 0.09
BB T 1289 119 4439 0.2 470 4.33 178 wine. - 01l 0.01 0.09 - 0.02
BB 18.001 0.64 38.87 0.05 6.56  4.53 3.51  26.58 0.07 0.7
BB T 14,15 0.51 40.15 0.06 6.01 619 7.03 259  0.01 0.03 040 0.15
BB 17.66 0.89  39.44 5.97 5.85 .27 27.00 0.06 0.05 0.33 0.07
BB T 2.3 127 404 0.04 4,44 1.94 0.8 2831 002 0.06 021  0.01
B 18.49 091 4227  0.06 6.01 3.26 1 2735  0.08 0.02 0.14
B 20.78 0.85% 43.55 0.07 5.43 225 045 2.8 0.01 021  0.05
BERT 20.06 0947 41.73 0.04 5.80 1.91 1.2 2747 0.03 0.25 0.05

EERET 019 46.15 0 0.21 5378 0.1 002 03 0.13
EHNET 054 4.1 0.08 0.0 0.01 48.77 0.46  0.02

HHRCEREERY RRS R R RS RERT; SEE SRR,
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Fig. 3. Chondrite-nomalized REE pattemns of rocks,
altered rocks and ores from the Baiyangping
copper-cobalt polymetallic deposit.
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Table 3. The average contents of REE in rocks, altered rocks and ores from the Baiyangping copper-cobalt polymetallic
deposit and the rock-normalized REE patterns of altered rocks and ores

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Ta
R 28.4 537 6.71 262 524 1.2 4.8 0763 4.61 0941 277 0397 278 0.409
Al 41.8 85.9 9.2 347 6.70 1.14 542 0845 523 1.4 3.11 0,447 3.03 0.446
A2 72.6 129 17.7 76.9 19.9 3.97 18,5 2.81 15.3 274 7.06 094 540 0.83
0 172 353 4,00 14.8 3.08 0.582 257 0.335 1.76 0325 0.78 0.145 0.965 0.141

Al/R
A2/R 2.5 2.4 2.64 2.9 3.80 3.89
0/R 0.61 0.62 0.6 0.56 0.59 0.57

1.47 1.6 1.37 1.32 1.28 1.12

1.12
3.84
0.53

1.09
1.94
0.35

1.09
2.04
0.34

1.11
3.68
0.44

1.13
3.32
0.38

1.10
2.91
0.34

1.12
2.55
0.28

1.13
2.38
0.37

HRAR,Al BAMES, A2 BRBRBLMELS 05 F.

10

11111111111111

0.1
La Ce Pr Nd Sm Eu @d Tb Dy Ho Er Tm Yb Lu

B4 ABPAGEEZSRTMEENT aRLTE
AARELEHRES R
Fig. 4. Rock-normalized REE patterns of altered rocks and

ores from the Baiyangping copper-cobalt polymetallic deposit.
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Fig. 5. The rock-normalized trace element patterns of altered rocks and ores from the Baiyangping

copper-cobalt polymetallic deposit.
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COBALT ORE-FORMING GEOCHEMISTRY OF THE BAIYANGPING COPPER-COBALT
POLYMETALLIC DEPOSIT IN LANPING BASIN, YUNNAN

LI Zhi-ming'"%®, LIU Jia-jun*, HU Rui-zhong', HE Ming-gin', LIU Yu-ping', LI Chao-yang'

(1. Open Lab. of Ore Deposit Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China;
2. Wuzi Research Institute of Experimental Geology, SINOPEC, Wuxi, Jiangsu 214151, Chin
3. School of Marine and Earth Science, Tongji University, Shanghai 200092, China ;

4. Ching University of Geosciences, Beijing 100083, China)

Abstract; The Baiyangping copper-cobalt polymetallic deposit, which occurs as bedded and veined orebodies in fractures
with distinct alteration zoning, is located in the continental red clastic rocks of the Lower Cretaceous Jingxing Formation.
The study of occurrence of cobalt shows that it exists mainly in its independent mineral-cobaltite and in tennatites and few
cobalt-pyrites isomorphically in primary ores, and also in erythrite on the surface of oxidation ore. The composition of and
ratio of Co/Ni in cobaltite suggest cobalt ore-formation is related to basic-ultrabasic magma. Although the chondrite-
normalized REE pattemns of normal rocks, altered rocks, and ores are similar, they are characterized by LREE enrichment,
HREE depletion, insignificant Ce-anomalies and significant negative Eu-anomalies. Distinct differences are noticed in the
contents and the degree of differentiation of REE, which, we consider, may be ascribed to differences in way and mineral
type carrying REE into normal rocks from fluids, and to the different properties between pre-ore-forming fluid and ore-
forming fluid, reflecting the difference of ore source at different ore-forming stages. The elements Cu, Co, As, Sb, Bi and
Ag are relatively enriched in discolouration altered rocks, carbonatization altered rocks and ores, as compared with the
contents of trace elements in normal rocks. The lithophile elements are most enriched in discolouration altered rocks ,
whereas the sulphophile elements (ore-forming elements) are significantly enriched in carbonatization altered rocks and
ores, suggesting wall-rock hosted ores did not provide main ore-forming elements for mineralization, and the main ore-
forming elements are derived from mantle-source basic magma. Generally, cobalt metallogenesis may be related to the
activity of basic magma derived from the mantle at the Himalayan stage.

Key words; copper-cobalt polymetallic deposit; cobalt elementce; occurrence; REE and trace element; basic magma;
Baiyangping
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