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Abstract

Jinbaoshan which contains large amounts of chromites and has high Cr content (about 0.5% ) is the largest
independent Pt-Pd deposit which consists mainly of olivine and clinopyroxenite. Ores are sparsely disseminated
and have a small amount of PGE- enriched sulfides. The ores and ultrabasic wall rocks have similar trace ele-
ments, REE and PGE parameters and similar primitive mantle normalized patterns, implying that their parent
magmas were alike. Samples from Jinbaoshan rock body have similar Cu/Pd and Cu/Pt ratios (<< the value of

primitive mantle). The ultrabasic wall rocks have high Pd/Ir and Ni/Cu ratios and Pb negative anomalies; on
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the contrary, the Pt-Pd ores have low Pd/Ir and Ni/Cu ratios as well as Pb positive anomalies. These data show
that the parent magma of the ores had low S saturation, whereas the parent magma of the ultrabasic wall rocks
was probably formed on the geochemical interface of S saturation related to Emeishan mantle plume. Ore mag-
mas containing a little PGE-enriched sulfides were probably injected into the unconsolidated ultrbasic rocks which
had intruded earlier, forming the quasi-bedded ore body. The low S saturation of Emeishan mantle plume in the
early stage and high partition coefficient of PGE in the sulfide/silicate phases seem to be the essential factors re-
sponsible for high PGE and low Ni-Cu content of the Jinbaoshan deposit. Jinbaoshan is one of the rarely found rock bodies
which have lower Cu/Pd and Cu/Pt ratios than the value of primitive mantle in China, implying that the magma of Jin-
baoshan has experienced a procedure of PGE enrichment. The basic-ultrabasic intrusive body located close to the
eruption center of Emeishan basalt seems to be one of the best hopeful areas in search for PGE deposits.
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Fig. 1 Geological sketch map of the Emeishan basalt the related mafic-ultrumafic rock body and Cu-Ni-PGE deposits
I—Fault 2—National boundaries 3—Emeishan basalts 4—Distribution of basic-ultrbasic rock bodies 5—Ailaoshan metamorphic zone

6—PGE sulfide deposit 7—Cu-Ni-PGE sulfide deposit 8—Copper-nickel sulfide deposit
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Fig. 2 Geological sketch map of the Jinbaoshan Pt-Pd ore district modified after Tao et al. 2004a

Ts/—Upper Triassic Luojiadashan Formation . Tsy—Upper Triassic Yunnanyi Formation P;—Lower Permian Dj*—4th member of Devonian

Jinbaoshan Formation Dj*—=3rd member of Devonian Jinbaoshan Formation Dj*—2nd member of Devonian Jinbaoshan Formation Dj'—1st

member of Devonian Jinbaoshan Formation 1—Stratigraphic boundary 2—Pseudoconformity 3—Unconformity 4—Fault 5—Gabbro-diabase

6—Ultrabasic rock 7—Ore body
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Fig. 5 Microphotographs of ores Cunder reflected light) from the Jinbaoshan Pt-Pd deposit
Sul—Sulfide: Ol Olivine: Cl—Clinopyroxenite. Corresponding serial number of sample: a—05210: b—05211: ¢—05221: d» e 05219
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Table 1 Comparison between the recommended and the measured PGE values in the standard samples

o w(BY10™?
PR
Os Ir Ru Rh Pt Pd
s RN 8.124 4.4 12.6 1.1 6.2 3.7
) HEFE 9.6+2 4.3+0.5 14.8+2.7 1.3+0.3 6.4+0.9 4.6+0.6
i HIIRER ] 2.138 5.8 2.8 4.6 51.2 68.2
& HEFF 2.410.6 4.7+1.1 2.54+0.2 4.3+0.8 58+5 60+9
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Table 2 Major and trace elements compositions of the Jinbaoshan Pt-Pd deposit

05200 05210 05214 05219 05221 05208 05217 05224
1339 1339 1339 YBI19-3 1339 1339 YB19-3

H208 H143-2 H35-1 44 30 H96 29
SiO;, 45.05 37.03 35.03 38.03 19.26 38.93 38.93
TiO, 1.74 0.4 0.36 0.34 0.39 0.48 0.4
ALO; 10.63 3.04 2.32 2.3 2.4 2.89 2.34
Fe,Os 1.78 7.17 7.47 8.33 5.65 5.37 4.99
FeO 8.66 6.38 7.19 4.24 5.82 5.12 2.91
MnO, 0.24 0.15 0.14 0.14 0.14 0.14 0.16
MgO 12.52 32.22 32.29 33.55 6.73 33.57 35.32
CaO 7.68 0.97 0.62 1.35 28.42 0.43 0.74
Na,O 0.69 0.08 0.14 0.08 0.04 0.16 0.15
K,O 0.3 0.14 0.09 0.15 0.1 0.1 0.13
P,0Os 0.29 0.05 0.05 0.06 0.04 0.06 0.05
Cr,0; 0.9 0.9 0.8 0.88 0.96 0.95
H,0" 6.2 10.88 10.88 10.7 2.74 10.8 12.44
CO, 4.02 0.2 0.12 0.12 14.69 0.2 0.12
Mg 72.2 90.1 89.0 93.4 67.5 92.2 95.6
Li 52.43 2.86 2.98 6.08 4.12 2.72 5.4 7.11
Sc 21.83 10.21 8.57 7.96 9.23 8.74 11.03 9.85
Ti 10643 2466 2044 1991 2410 2216 2946 2389
\% 224.6 92.9 75.8 75.5 79.3 82.6 97.0 84.8
Cr 841 6311 5826 4848 3678 5770 6129 6208
Mn 1874 1151 1102 1002 1294 1073 1005 1172
Co 56.1 164.4 187.8 150.2 150.9 93.3 137.4 137.2
Ni 520 2597 3785 1756 1408 867 1520 1318
Cu 5.4 340 3753 416 642 4.8 96.5 5.7
Zn 154 128 150 115 134 118 111 123
Ga 16.11 5.07 4.16 3.92 4.55 4.16 4.98 4.42
Rb 19.39 5.3 3.15 5.49 5.17 13.61 3.33 5.16
Sr 195.02 18.54 12.1 23.06 30.19 242.56 12.92 22.15
Y 18.41 4.39 3.42 3.6 4.89 4.24 3.89 4.64
Zr 180.03 34.02 31.5 33.09 42.68 32.98 45.33 32.44
Nb 21.64 3.17 3.09 3.35 3.97 3.38 4.46 3.45
Mo 1.22 0.99 1.04 0.84 0.64 1.15 0.59 0.66
Cd 0.1 0.07 0.55 0.09 0.1 0.05 0.04 0.05
Cs 3.57 3.82 0.85 1.38 3.98 28.55 1.2 4.99
Ba 63.04 28.84 21.98 31.47 31.5 23.45 24.6 30.71
Hf 4.26 0.77 0.78 0.77 0.94 0.77 1.11 0.8
Ta 1.48 0.23 0.21 0.25 0.26 0.24 0.32 0.23
w 0.81 0.21 0.23 0.21 0.19 0.29 0.39 0.15
Pb 9.2 0.97 7.08 1.03 5.07 0.22 0.12 0.04
Bi 0.02 0.27 0.62 0.17 0.16 0.01 0.04 0.04
Th 4.16 0.78 0.74 0.85 0.95 0.79 1.05 0.78
U 1.04 0.14 0.3 0.17 0.22 0.7 0.28 0.16
Th U 4.00 5.57 2.47 5.00 4.32 1.13 3.75 4.88
Th Hf 0.98 1.01 0.95 1.10 1.01 1.03 0.95 0.98
Th'Y 0.23 0.18 0.22 0.24 0.19 0.19 0.27 0.17

TiY 578.14 561.87 597.87 553.20 492.84 522.77 757.55 515.07




31

1267

2

Cont. Table 2

05200 05210 05214 05219 05221 05208 05217 05224
1339 1339 1339 YBI19-3 1339 1339 YBI19-3
H208 H143-2 H35-1 44 30 H96 29
La 29.26 5.80 4.50 5.44 5.05 5.34 6.60 5.84
Ce 57.31 12.18 8.50 10.30 9.92 9.88 13.06 11.54
Pr 6.99 1.50 1.02 1.20 1.23 1.24 1.61 1.43
Nd 24.92 5.43 3.68 4.42 4.64 4.55 5.71 5.17
Sm 5.27 1.23 0.83 0.87 1.10 0.94 1.19 1.21
Eu 1.44 0.36 0.17 0.29 0.20 0.31 0.24 0.33
Gd 4.92 1.22 0.78 0.90 1.05 0.99 1.11 1.14
Th 0.74 0.18 0.12 0.14 0.17 0.15 0.15 0.18
Dy 3.93 0.96 0.68 0.74 0.92 0.85 0.87 0.97
Ho 0.75 0.19 0.14 0.14 0.19 0.17 0.16 0.19
Er 0.89 0.48 0.40 0.39 0.55 0-46 0.49 0.55
Tm 0.28 0.08 0.06 0.06 0.08 0.07 0.07 0.09
Yb 1.74 0.50 0.34 0.39 0.48 0.44 0.46 0.57
Lu 0.24 0.07 0.05 0.06 0.07 0.07 0.07 0.09
>REE 139.68 30.18 21.27 25.34 25.65 25.46 31.79 29.30
LREE 125.20 26.50 18.71 22.53 22.14 22.25 28.41 25.52
HREE 14.49 3.69 2.57 2.82 3051 3.20 3.40 3.77
LREE HREE 8.64 7.19 7.27 7.98 6.30 6.94 8.37 6.77
La Yb y 11.40 7.91 8.91 9.40 7.22 8.24 9.72 6.96
La Sm y 3.47 2.96 3.37 3.90 2.87 3.57 3.46 3.01
Gd Yb y 2.28 1.97 1.85 1.85 1.79 1.82 1.95 1.62
dEu 0.87 0.91 0.65 1.01 0.58 0.98 0.64 0.87
% 1076 1
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4
Table 4 PGE compositions of the Jinbaoshan Pt-Pd deposit
w B 1077
Ni* Os Ir Ru Rh Pt Pd Cu”
05210 2597.1 78.2 230.5 66.1 148.8 2404.7 3676.0 340.1
05214 3785.3 140.6 3601.9 111.1 261.5 3886.0 6018.0 3753.4
05219 1755.5 8.5 54.2 24.9 45.9 784.9 1254.0 416.2
05221 1407.8 10.1 41.5 13.9 36.3 621.7 1099.0 641.7
2H23 3079 61 134 31 124 2008 3724 2123
2H28 1559 10 21 7 18 190 351 405
2H38 2396 15 52 10 41 557 1216 960
1H28 1659 34 79 25 52 564 640 3545
1H20 2344 35 56 19 33 795 852 767
1H12 2745 54 113 30 67 1683 1990 4341
Tao et al. 2007
322-6R 1344 185 69 131 3672 6305 411
145-3R 4570 480 223 332 6383 10080 944
145-4R 4555 350 162 302 6430 10240 5046
JB19 1332 20 8 13 338 462 9
19-96 1912 54 71 26 45 967 1089 29
39-82 3329 172 283 87 221 3661 5836 1888
05208 866.8 2.8 7.4 5.0 6.0 67.1 102.0 4.8
05224 1318.1 4.9 7.5 7.7 4.2 57.0 47.3 5.7
1H34 1514 3.4 7.6 9.4 3.8 77 58 212
1H23 1382 3.4 6.7 4.5 3.3 55 46 19
1H3 1354 1.5 3.5 4 2.6 24 31 8
19-176 1545 7.5 3.1 4.3 58 103 64
1309-2 1295 7.1 4.6 7.1 56 81 41 Tao et al. 2007
B33 1306 2.5 2.4 1 13.2 22.1 9
19-156 1470 8.6 8.9 3 5.8 57 63 68
39-80 1337 3 5 1.4 3.8 37 43 12
2H8-2 1371 2.1 6.1 3.2 4.4 63 76 21
05200 520.3 1.1 1.1 5.4 0.3 5.6 4.1 5.4
* Ni Cu 10°°
5 Ni PGE 9
Cu w Ni+ Cu 0.14%
Keays et al. 1982
Ni Cu w Pt+ PGE
Pd >500 % 10~° 2005
SPGE  0.6x10 ¢~17x10°° 6 X
10°° >PGE 18
X1077~190x10~°
6
10° 10 Pd Ni Cu
Ru Ni Cu
S Ru
Tao et al. 2007 Ru
Ni Cu Righter et al. 2004

PGE
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Table 5 PGE parameters of ores and wall rocks from the Jinbaoshan Pt-Pd deposit
. . Pt Pt+Pd N e N e N
Pt Ir PdIr CuPd CuPt PtPd Pt Pt Ni Cu Cu Cu+Ni Cu+Ni X PGE
Pt+ Pd Os+ Ir+Ru
05210 10.4 16.0 93 141 0.65 0.4 16.2 0.86 7.6 0.12 2937 6604
05214 10.7 18.3 567 966 0.59 0.37 17.1 0.78 1.0 0.50 7539 11379
05219 14.5 23.1 332 530 0.63 0.38 23.3 0.87 4.2 0.19 2172 2172
05221 15.0 26.5 584 1032 0.57 0.36 26.3 0.82 2.2 0.31 2050 1823
2H23 15.0 27.8 570 1057 0.54 0.35 25.4 0.78 1.5 0.41 5202 6082
2H28 9.1 16.7 1154 2132 0.54 0.35 14.2 0.63 3.9 0.21 1964 597
2H38 10.7 23.4 790 1724 0.46 0.31 23.0 0.66 2.5 0.29 3356 1891
1H28 7.1 8.1 5539 6285 0.88 0.47 8.7 0.82 0.5 0.68 5204 1394
1H20 14.2 15.2 900 965 0.93 0.48 15.0 1.26 3.1 0.25 3111 1790
1H12 14.9 17.6 2181 2579 0.85 0.46 18.6 1.22 0.6 0.61 7086 3937
322-6R  19.9 34.1 65 112 0.58 0.37 1.07 3.3 0.23 1755 10362
145-3R  13.3 21.0 94 148 0.63 0.39 0.92 4.8 0.17 5514 17498
145-4R  18.4 29.3 493 785 0.63 0.39 0.97 0.9 0.53 9601 17484
JB19 16.9 23.1 20 27 0.73 0.42 1.16 148 0.01 1341 841
19-96 13.6 15.3 27 30 0.89 0.47 13.6 1.16 65.9 0.02 1941 2252
39-82 12.9 20.6 324 516 0.63 0.39 17.5 0.85 1.8 0.36 5217 10260
05208 9.1 13.8 47 72 0.66 0.4 11.1 0.72 181.2 0.01 872 190
05224 7.6 6.3 121 100 1.21 0.55 5.2 1.08 231.0 0.00 1324 129
1H34 10.1 7.6 3655 2753 1.33 0.57 6.6 1.37 7.1 0.12 1726 159
1H23 8.2 6.9 413 345 1.2 0.54 6.9 1.18 72.7 0.01 1401 119
1H3 6.9 8.9 258 333 0.77 0.44 6.1 0.71 169.3 0.01 1362 67
19-176 7.7 13.7 621 1103 0.56 0.36 0.73 24.1 0.04 1609 176
1309-2 7.9 11.4 506 732 0.69 0.41 0.62 31.6 0.03 1336 156
B33 5.3 8.8 407 682 0.6 0.37 7.2 0.74 145.1 0.01 1315 41
19-156 6.4 7.1 1079 1193 0.9 0.48 5.9 0.79 21.6 0.04 1538 146
39-80 7.4 8.6 279 324 0.86 0.46 8.5 0.77 111.4 0.01 1349 93
2HS8-2 10.3 12.5 276 333 0.83 0.45 12.2 0.91 65.3 0.02 1392 155
05200 5.1 3.8 1312 964 1.34 0.57 1.3 1.24 95.8 0.01 526 18
Ni Cu 107% PGE 107°
6
Table 6 Partition coefficients of PGE between sulfide and silicate phases
Os Ir Ru Pt Pd
D 30+6 x10° 26+11 x10° 6.4+2.1 x10° 10+4 x10° 17+7 x10° Fleet et al. 1996
D 10+2.6 X103 51+20 x10° 7.0+5.4 X103 16.5+6.3 x10° 28+12.5 x10° Crocket et al. 1997
PPGE  IPGE 13.5 Pt Ir 5.3~10.3
Pt+Pd  Os+Ir+Ru 7.9
8.7~26.3 18.2 5.2 Pd Ir Pt Ir
~12.2 7.7 5 Pt+Pd Os+Ir+Ru
Pd Ir 8.1 15.2~34.1 PGE Ni Cu-Pd Ir
21 Pd Ir 6.3~13.8 Cu Ir-Ni Pd 11
9.6 Pt Ir 7.1~19.9
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Cu Pd 12 PGE - - 4
Cu Ni Pt Pd Pt Pd
2 R R
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