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Abstract

There exist lots of basic-ultrabasic rock bodies in the Caiziyuan laterite type nickel deposit in Huili County of

Sichuan Province. Geochemical characteristics of Platinum group elements(PGEs) and Re-Os isotope of three
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peridotites rock bodies are reported in this paper. The lithogeochemistry of the Caiziyuan deposit shows high
MgO and low SiO,, ALO;, Na,O and K,O content as well as high Mg™ values. CIPW calculation indicates that
the main standard minerals of the Caiziyuan deposit are composed of olivines and hypersthenes (the volume frac-
tion is more than 90 percent), showing that the Caiziyuan deposit belongs to magnesia harzburgite type. The
> PGE of the Caiziyuan deposit is relatively lower than that of most mantle residual peredotites, implying that
PGE was extracted by the sulfides in the basic magma resulting from the large melt fractions of mantle at the
early stage. The differentiation between PPGE and IPGE in the Caiziyuan deposit is obvious, and is similar to
things of mantle residual peridotites at the bottom of normal ophiolite suites reported earlier. The right-oblique
mantle normalized PGE patterns are controlled mainly by the high partial melting of the mantle. Pt is concen-
trated relative to Pd in PPGE, and the differentiation between Pt and Pd might have been caused by obvious hy-
drothermal alteration; therefore a small amount of Pt probably exists in the form of residue alloy in Caiziyuan
peridotites. The small Y(Os) values imply that Caiziyuan peridotites were derived from the mantle with a fine
Re-Os isotope sealing system. The petrogeochemistry, platinum group elements and Re-Os isotopic geochemistry
suggest that the Caiziyuan deposit was derived directly from the mantle, thus belonging to the residual harzbur-
gite at the bottom of the normal ophiolite suite. Caiziyuan ophiolite may be a part, of the relics of ancient ocean
floor of small ocean basin, implying that Kunyang rift was evolved into small ocean basin where Huili Group was
deposited in the late period of Mesoproterzoic. The ophiolitic characteristics of the Caiziyuan deposit further
prove that the Huili Group collided with Dongchuan and Tangdan Group in the south of Caiziyuan-Caimashui-
Matang fault belt at the end of Mesoproterozoic, and that the basement in the southwest of Yangtze craton was
probably collided and collaged by small continental segments-in different periods, resulting in the basal continen-
tal crustal accretion.

Key words: geochemistry, Caiziyuan peridotites, platinum group elements, Re-Os isotope, ophiolite, Kun-
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Fig. 1 Geological sketch map of the basement in central Kangdian area

1—Mesoproterozoic Kangding Group; 2—Mesoproterozoic Huili Group: 3—Paleo-Meso-Proterozoic Dongchuan Group; 4—Paleoproterozoic Hekou
Group; 5—Paleoproterozoic Tangdan Group; 6—Proterozoic ultrabasic rock; 7—Proterozoic diabase; 8—Proterozoic granite; 9—Grological
boundary; 10—Fault; 10—Reverse fault; 12—Strike-slip fault: 13—Suture line
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Fig. 2 Sketch geological map in Caiziyuan area

1—Quaternary; 2—Jurassic Yimen Formation; 3—Baiguowan Formation; 4—3rd member of Limahe Formation; 5—2nd member of Limahe

Formation; 6—Qinglongshan Formation; 7—Heishan Formation; 8—Basalt interlayer; 9—Granite; 10—Diabase dyke: 11—COlivine

pyroxenolite; 12—Harzburgite; 13—Geological boundary; 14—Unconformity: 15—Fault and its number



FRE M3

TR BTG R T MM A ST R . Re-Os [RIAL R R TR X 519

Bl 3 ST EaMX 5 R S
Fig. 3 Field photos of Caiziyuan harzburgites
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1 Ni Cu
Table 1 Major elements Ni and Cu and PGEs analytical results of Caiziyuan peridotites
PM CI
CZY8 CZY9 CZY10 CZY11 CzZY12 CZY13 CZY14 CZY15
w B %
SiO, 38.65 40.94 40.79 40.34 40.16 38.36 39.91 42.09
ALO; 7.36 0.28 0.13 0.10 0.38 0.31 0.082 0.034
Fe, O3 2.86 4.20 6.74 5.49 6.96 11.14 7.15 3.93
FeO 3.54 3.82 4.36 5.20 6.04 5.87 4.81 3.98
CaO 0.10 0.79 0.10 0.54 0.10 0.079 0.15 0.12
MgO 34.78 37.44 36.69 36.26 35.26 33.69 36.42 37.93
K,O <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Na,O 0.11 0.10 0.094 0.10 0.094 0.11 0.11 0.10
TiO, 0.13 0.0089 0.0089  <0.005 0.013 0.0090  <0.005 <0.005
P,0s 0.023 0.019 0.021 0.022 0.024 0.021 0.026 0.021
MnO 0.044 0.064 0.041 0.060 0.062 0.059 0.041 0.043
12.01 11.91 10.52 11.29 10.23 9.70 10.75 11.30
Mg*® 91 90 86 87 84 79 85 90
40.1 34.8 37.9 35.2 37.3 30.5 34.1 42.8
49.7 58.6 58.5 59.4 58.3 64.4 62.1 54.5
w B 107¢
Ni 1459 2551 2126 2239 1566 1673 2113 2195 1960 10500
Cu 4.51 3.76 1.66 2.75 9.37 3.89 5.23 3.41 30.0 120
wB 1077
Os 0.094 0.172 5.396 3.165 0.288 0.265 0.79 4.944 3.4 490
Ir 0.113 0.109 3.69 3.333 0.27 0.168 0.717 4.979 3.2 455
Ru 1.73 3.687 4.734 4.064 4.535 4.607 4.423 6.38 5.0 710
Rh 0.637 0.582 0.469 0.452 0.711 0.579 0.498 0.555 0.9 130
Pt 3.074 0.292 1.197 1.465 0.397 0.334 0.206 1.181 7.1 1010
Pd 1.365 0.017 0.067 0.003 0.101 0.115 0.088 0.093 3.9 550
> PGE 7.01 4.86 15.55 12.48 6.30 6.07 6.72 18.13 23.5 3345
Ni Cu 324 678 1278 813 167 430 404 644 65 88
Pt+Pd Os+Ir+Ru 2.29 0.08 0.09 0.14 0.10 0.09 0.05 0.08 0.95 0.94
Pd Pt 0.44 0.06 0.06 0.002 0.25 0.34 0.43 0.08 0.55 0.54
Pd Rh 2.14 0.03 0.14 0.007 0.14 0.20 0.18 0.17 4.33 4.23
Pd Ru 0.79 0.005 0.01 0.001 0.02 0.02 0.02 0.01 0.78 0.77
Pd Ir 12.08 0.16 0.02 0.001 0.37 0.68 0.12 0.02 1.22 1.21
Pd Pt ,, 0.81 0.11 0.10 0.004 0.46 0.63 0.78 0.14 1.00 0.99
Pd Rh ,, 0.49 0.01 0.03 0.002 0.03 0.05 0.04 0.04 1.00 0.98
Pd Ru ,, 1.01 0.01 0.02 0.001 0.03 0.03 0.03 0.02 1.00 0.99
Pd Ir 9.91 0.13 0.01 0.001 0.31 0.56 0.10 0.02 1.00 0.99
Pd Pt 0.82 0.11 0.10 0.004 0.47 0.63 0.78 0.14 1.01 1.00
Pd Rh 0.51 0.01 0.03 0.002 0.03 0.05 0.04 0.04 1.02 1.00
Pd Ru , 1.02 0.01 0.02 0.001 0.03 0.03 0.03 0.02 1.01 1.00
Pd Ir , 9.99 0.13 0.02 0.001 0.31 0.57 0.10 0.02 1.01 1.00
Pt Pt” 0.87 0.78 1.79 10.53 0.39 0.34 0.26 1.38 1.00 1.00
Ru Ru” 2.21 5.01 1.23 1.13 3.55 5.06 2.54 1.31 1.01 1
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1-1
Cont. Table 1-1
CZY62 CZY63 CZY64 CZY65 CZY66 CZY69 CZY71 CZYT2
w B %
SiO, 41.31 41.57 40.00 38.77 40.34 39.35 41.13 40.22
ALO; 0.076 0.088 0.13 5.85 0.40 0.10 0.44 0.94
Fe,O5 6.30 7.69 8.60 2.49 7.70 9.27 9.13 5.52
FeO 0.084 0.31 0.75 1.06 0.38 1.60 0.40 1.69
CaO 0.087 0.090 0.092 0.093 0.093 0.089 0.12 0.14
MgO 39.36 37.92 37.93 38.49 38.60 37.49 36.74 38.46
K,O <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Na,O 0.085 0.076 0.092 0.099 0.082 0.11 0.11 0.090
TiO, <0.005 <0.005 <0.005 0.35 0.0070 <0.005 0.019 0.043
P,0s 0.018 0.020 0.019 0.020 0.019 0:019 0.020 0.039
MnO 0.048 0.069 0.082 0.066 0.030 0.062 0.060 0.085
12.62 12.12 12.22 12.58 12.30 11.73 11.78 12.58
Mg* 92 90 89 95 90 87 88 91
38.1 41.8 33.7 33.2 34.4 30.6 40.6 34.7
59.6 55.6 63.1 58.6 62.4 66.0 55.4 61.4
w B 107¢
Ni 3127 1875 4184 1632 4953 2323 2466 1917
Cu 2.20 2.19 2.09 4.93 3.86 2.48 3.47 2.59
wB 1077
Os 3.221 2.938 1.77 0.098 0.673 0.612 1.392 2.896
Ir 3.045 2.633 2.598 0.061 1.085 2.004 1.99 2.07
Ru 4.158 3.231 4.452 0.144 2.762 3.315 2.831 3.439
Rh 0.525 0.406 0.535 0.038 0.266 0.437 0.339 0.444
Pt 1.495 1.43 1.518 0.509 0.327 0.758 0.722 1.086
Pd 0.073 0:093 0.163 0.244 0.124 0.113 0.221 0.433
> PGE 12.52 10.73 11.04 1.09 5.24 7.24 7.50 10.37
Ni Cu 1423 855 2003 331 1284 938 710 740
Pt+Pd Os+Ir+Ru 0.15 0.17 0.19 2.49 0.10 0.15 0.15 0.18
Pd Pt 0.05 .07 0.11 0.48 0.38 0.15 0.31 0.40
Pd Rh 0.14 0.23 0.30 6.42 0.47 0.26 0.65 0.98
Pd Ru 0.02 0.03 0.04 1.69 0.04 0.03 0.08 0.13
Pd Ir 0.02 0.04 0.06 4.00 0.11 0.06 0.11 0.21
Pd Pt , 0.09 0.12 0.20 0.87 0.69 0.27 0.56 0.73
Pd Rh 0.03 0.05 0.07 1.48 0.11 0.06 0.15 0.23
Pd Ru 0.02 0.04 0.05 2.17 0.06 0.04 0.10 0.16
Pd Ir 0.02 0.03 0.05 3.28 0.09 0.05 0.09 0.17
Pd Pt , 0.09 0.12 0.20 0.88 0.70 0.27 0.56 0.73
Pd Rh 0.03 0.05 0.07 1.52 0.11 0.06 0.15 0.23
Pd Ru , 0.02 0.04 0.05 2.19 0.06 0.04 0.10 0.16
Pd Ir , 0.02 0.03 0.05 3.31 0.09 0.05 0.09 0.17
Pt Pt” 2.02 1.95 1.36 1.4 0.48 0.9 0.7 0.66
Ru Ru” 1.13 1.07 1.29 1.02 1.76 1.21 1.18 1.23
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1-2
Cont. Table 1-2
CZY22 CZY23 CZY24 CZY25 CZY26 CZY29 CZY30 CZY31 CZzZY32 CzZY40 CZY42 CZY43
w B %
SiO, 38.42  40.50 37.03 38.47 34.36 36.92 35.56 40.60 43.30 39.26 41.80  40.48
AL Os 0.14 0.16 0.17 0.16 0.13 0.18 0.42 1.22 0.40 5.43 3.006 2.51
Fe,O; 11.83 11.01 13.67 13.03 19.88 14.89 15.65 6.20 5.04 1.79 2.70 1.90
FeO 2.19 1.58 3.02 1.35 3.65 1.82 3.07 1.11 1.19 1.01 0.28 0.62
CaO 0.092 0.12 0.084 0.085 0.094 0.096 0.097 0.092 0.12 0.16 0.097 0.31
MgO 35.78 35.43 34,93 35.92 32.10 35.55 34.36 38.88 37.14 38.99  39.09  40.50
K,O <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Na,O 0.11 0.089 0.11 0.11 0.12 0.098 0.10 0.10 0.090 0.082 0.092 0.088
TiO, <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.040 0.0068 0.38 0.10 0.11
P,0Os 0.020 0.019 0.020 0.019 0.020 0.020 0.021 0.019 0.020 0.067 0.020 0.021
MnO 0.016 0.030 0.014 0.021 0.026 0.015 0.025 0.020 0.042 0.036 0.10 0.034
11.14 10.88 10.61 10.67 9.22 10.20 10.34 11.58 12.50 12.66 12.63 13.35
Mg* 83 85 80 83 73 81 78 91 92 96 96 97
28.5 39.4 22.3 27.8 12.0 20.1 15.6 34.6 51.7 34.8 43.4 33.1
67.3 56.6 72.9 67.9 82.0 75.1 78.9 61.3 45.2 57.5 51.6 61.4
wB 107°
Ni 3071 4091 2320 2662 2421 1727 1503 1205 1177 1075 1948 766
Cu 1.29 1.66 2.09 1.56 2.46 1.21 1.76 11.5 1.33 3.70 3.54 1.89
w B 1077
Os 2 1.217 1.891 1.95 2.401 2.806 0.522 2.303 1.522 0.239 1.302 1.547
Ir 3.699 3.636 1.073 1.289 2:382 4.074 0.35 3.421 0.76 0.207 2.245 1.132
Ru 4.879 3.341 1.91 2.098 3.038 15.39 4.089 7.009 1.158 0.363 2.941 2.227
Rh 0.512 0.309 0.204 0.241 0.28 2.731 0.423 0.815 0.129 0.07 0.319 0.27
Pt 0.895 2.399 0.473 0.584 0.792 5.575 0.098 1.359 0.327 0.769 3.447 0.943
Pd 0.128 0.15 0.055 0.054 0.094 2.849 0.152 0.086 0.005 0.372 1.416 0.805
> PGE 12. 11 11.05 5.61 6.22 8.99 33.43 5.63 14.99 3.90 2.02 11.67 6.92
Ni Cu 2377 2466 1109 1708 984 1425 855 105 888 291 551 405
Pt+Pd  Os+Ir+Ru 0.10 0.31 0.11 0.12 0.11 0.38 0.05 0.11 0.10 1.41 0.75 0.36
Pd Pt 0.14 0.06 0.12 0.09 0.12 0.51 1.55 0.06 0.02 0.48 0.41 0.85
Pd Rh 0.25 0.49 0.27 0.22 0.34 1.04 0.36 0.11 0.04 5.31 4.44 2.98
Pd Ru 0.03 0.04 0.03 0.03 0.03 0.19 0.04 0.01 0.00 1.02 0.48 0.36
Pd Ir 0.03 0.04 0.05 0.04 0.04 0.70 0.43 0.03 0.01 1.80 0.63 0.71
Pd Pt , 0.26 0.11 0.21 0.17 0.22 0.93 2.82 0.12 0.03 0.88 0.75 1.55
Pd Rh 0.06 0.11 0.06 0.05 0.08 0.24 0.08 0.02 0.01 1.23 1.02 0.69
Pd Ru 0.03 0.06 0.04 0.03 0.04 0.24 0.05 0.02 0.01 1.31 0.62 0.46
Pd Ir 0.03 0.03 0.04 0.03 0.03 0.57 0.36 0.02 0.01 1.47 0.52 0.58
Pd Pt , 0.26 0.11 0.21 0.17 0.22 0.94 2.85 0.12 0.03 0.89 0.75 1.57
Pd Rh 0.06 0.11 0.06 0.05 0.08 0.25 0.08 0.02 0.01 1.26 1.05 0.70
Pd Ru 0.03 0.06 0.04 0.03 0.04 0.24 0.05 0.02 0.01 1.32 0.62 0.47
Pd Ir , 0.03 0.03 0.04 0.03 0.03 0.58 0.36 0.02 0.01 1.49 0.52 0.59
Pt Pt” 0.93 2.95 1.18 1.36 1.29 0.53 0.1 1.36 3.41 1.26 1.36 0.54
Ru Ru” 1.21 1.08 1.40 1.29 1.27 1.58 3.64 1.44 1.27 1.03 1.19 1.38
1 PGE PM— Cl— McDonough et al. 1995 Mg® =100x Mg Mg+
Fer <0.01% 0.01% <0.005%  0.005% Pt Pt”
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100x Mg?t Mg?" +Fe2*3 w Ni 766 %10 ° 4091 x 10 °°
Mg* 1 Mg™ 1997 %10 °
w MgO Mg* w Cu Cu
MgO “ "7 5x10°° 30106
1 120 X 10°° Ni Cu
w MgO 40.5% Ni Cu Ni Cu
w MgO 43.44% 100
w MgO 41.3% 6
CaO AlLO; Crocket 2000
w CaO 0.5%
8 w ALO; CZY8  7.36% 2006 2012
7 1% Os Ru Rh Ir Pd Pt
CZY65 7 Westland 1981 PGE
1% 4 1%
8 0.5% w FeOy PGE
10.76% w FeOr 2005
7.87% w FeOr 11.54% PGE
w K,O XRF PGE 4 Pd Pt R*=
w Na,O 0.1% 0.7629 Pd Rh R*>=0.5421 Os Ir R*>=
CIPW 0.6601 Ru Rh R?>=0.8847
Geokit
1 Pt Pd Ir
95% Ru Rh
SI 8 Os Ir Ru Rh Pt Pd
80 >PGE 1.89x10°°
1.67x10°% 4.27x10°2 0.56 <102 1.02x10°
0.23x1077 9.64x10°Y Ir Os Ir Ru
Wang et al. 2006 Pd Pt Pd IPGE PPGE
2007 CZY8 Pd Ir 12.08 7
7
Pd Ir 1 0.17
Pd Ir 1.22
1.21 McDonough et al. 1995 Pt+
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2 Re-Os
Table 2 Analytical results of Re-Os isotopes for Caiziyuan peridotites
w Re ngg w Os ngg w ®0s ng g 187Re 1880 18705 18805
Y Os
CZY8 0.03 0.001 0.05281 0.0007 0.0018 0.00007 2.718 0.066 0.2611 0.0103 58
CZY9 0.019 0 0.27589  0.00343 0.0057 0.0001 0.333 0.005 0.1576 0.0031 28
CZY13 0.021 0 0.29628  0.00254 0.0057 0.0001 0.345 0.004 0.1466 0.0012 18
CZY14 0.042 0.001 0.74542  0.01535 0.0126 0.0002 0.273 0.008 0.1295 0.0032 5
CZY15 0.018 0.001 4.81846  0.35506 0.0742 0.0051 0.018 0.001 0.1184 0.0118 2
CZY24 0.012 0 1.9123 0.02184 0.0283 0.0005 0.031 0.001 0.1138 0.0021 -2
CZY25 0.018 0.001 2.26155 0.02543 0.0348 0.0004 0.038 0.001 0.1181 0.0014
CZY29 0.03 0 2.7795 0.047 0.044 0.001 0.053 0.001 0.1217 0.0024 4
CZY30 0.033 0.001 0.5071 0.009 0.0094 0.0002 0.31 0.008 0.1432 0.0041 16
CZY26 0.031 0.007 2.36117 0.0211 0.0365 0.0005 0.064 0.013 0.1187 0.0014 1
Re-Os
Re-Os 3
Re
Os PPGE IPGE
Y Os Pd Ir Pt+Pd Os+Ir+ Ru
1.7 Ga 1.0 Ga 1.7 5
Ga 2011 Pd Pt
Y Os
Re Os-  Os 6 PGE
Pd Pt Os Ru Rh
5 Pt
Pd Os Ir Ru Rh
,
10 OJ-M Reefs PGE
10° |
ok PGE
. Wang et al. 2006 2007 Tao
=10 etal. 2007 2006 2007 2012
&
10
= PGE
10 I:lfr;isian Ronda Beni Bousera
T
» SR w CaO <1.7% Troodos
107 12%3R 5
Thetford
1075 ! L L L ! .
0" 102 107! N /0100 10! 10? 10° Oshin et
oL al. 1982 Barnes et al. 1985 Prichard et al. 1990
6 Re Os-  Os Gueddari et al. 1996

Lambert et al. 1999
Fig. 6 Re Os versus common Os of Caiziyuan harzburgite

after Lambert et al. 1999 1994  Zhou et al. 1998 2005



32 3 Re-Os 527

2006 PGE Lorand et al.
1993 1999
1999 2000 2001 2001 Pattou et al. 1996
2002 Kempirsai Bay of Island 1998 2000
Lanzo
Edwards 1990 Lorand et al. 1993 Melcher et
al. 1999 PGE Ni Cu-Pd Ir Ta Cu Ir-Ni Pd
a
10° |- A L REg
O 4 REAE
10°F L
BB Rk + K HE A
104 |
10° |
% 10 |-
(=M
10' |
10°L
BYE A ) W ARSI
1l MERE AT AL
10 .@ o Ak Cg—Q-O
102 l | | I | |
102 10" 10° 10! 10% 10° 10*
Ni/Cu
b
m A0 ax A gl
QHFTO o O Bk
O
@ OA + KR OAEER
106 -
105 -
é’ 10*
4
107\ N IR
10° |- HHETEE
10' 1 1 1 1 | 1 1 L
10! 10? 10° 10* 10° 10° 107 10% 10° 10"
Cw/lr
7 Ni Cu-Pd Ir a Cu Ir-Ni Pd b Barnes 1990

Fig. 7 Diagrams of Ni Cu versus Pd Ir a and Cu Ir versus Ni Pd b after Barnes 1990



528 2013
7b Pd Pt
3 Pt Pd Pt
Ir Pd Pd Ir Pd Pt Pt” 1
Ni Cu-Pd Ir Pt Pt" <1 2001
CaO  ALO; 2006
Ronda  Beni Bousera Pd Ir Crocket 2000
Os Ru Rh Ir Pd Pt
Westland 1981 Pd Pt PGE
Pt Pd
1999 2000 2001 Pt Pd
2002 2006 Gueddari et al. 1996
Prichard et al. 1990 Oshin et al. 1982 Melcher et 2005 Pt
al. 1999 Edwards 1990 Lorand et al. 1993 Pd 1000 Fleet et
Ru Ru Ru” al. 1999 Pt Pd
1 Cu Pd Pt Pd
PGE Pt
104 Fleet et al. 1996 Crock- Pd Pt
etet al. 1997 Morgan 1981 25% Pt Pd
Pt Pd
1:20
PGE
8 Py,
PGE 107 Pt
201 1 1] ” “ ”
10° 1984
. A T 1990 1999 2006
4° e + R
10° &‘é 77777 s o MR 1988 .
PGE 7 #1118
o &{1 - 1990
Hoits_g =190 r=1000 2
€10 2001
= [ ——
] . O 3 / N R=10000
1 PGEE 1&g \ R=100000
Re-
100 Os
\ \ _ _
v\ OPGEWIR A
10° - : . : : - 1040.4+6.1 Ma MSDW =0.53
102 10! 10° 10! 10? 10° 1ot 10° 10° . s
w(Pd)/10? n=18 SIOZ >70% S Mg <10
8 Pd-Cu Pd
Barnes et al. 1993 2 2013
Fig. 8 Pd versus Cu Pd diagram of Caiziyuan peridotite 1.0 Ga -
after Barnes et 211. 1993 2007 2012 _ B



32 3 Re-Os 529
1.0
Ga 2002 3 PPGE  IPGE
PPGE IPGE
Rodinia 2005 Py
1985 Pt” 1 Pd Pt
2.0 Ga 1990 Pt Pd
Pd
1.9~2.0 Ga 1996 Pt
Pt Pd
B 4 Re-Os
) ) Y Os
S Re-Os
—1.75 Ga ~1.4 Ga ]
References
1998
1999 Zhao 2001 2002 o0,
2010 .
31 6 549-556.
4 . 1987. M .
1172,
! SiO, . 2001.
AlLO; Na,O K,0 MgO  Mg® CIPW I 12:]012 112-122.
J. 47 6 457-461.
0% . 2007.
2 E-MORB 7. D
2 PGE 37 199-208.
Ru Ru” 1



2013

530
2007. J 49
J. 81 11 1562-1577. 1 17-27.
. 1999. - . 2006.
J. 19 1 19-27. PGE
. 2007. I 25 4 438-446.
— SHRIMP U-Pb . 2009.
J. 53 4 556-562. SHRIMP U-Pb
. 2008. 1. 28 7 896-900.
M . . 1-215. . 2007. -
. 1996. M . ] 23 11
. 1-252. 2785-2800.
. 2011. . 2012.
SHRIMP U-Pb J. LA-ICP-MS U-Pb
85 4 482-490. J. 36 3 82-§7.
. 1998. SW-NE ] . 2001. Rodinia
21 3 28-50. I 4 22-27.
. 2005.
2006. CC PGE I 21
] 25 2 164-174. 1 219-226.
. 1990. J. 4 289-301. . 2006.
. 1963." " ] I
43 3 214-229. 80 9 1474-1486.
. 1988. . 2007.
M . . 1-396. PGE
. 2005. J. 81 1 94-108.
PGE ] 24
3 285-291. 2009. Cu Pd  Cu Pt
. 1999. J. 28 49-66.
I 34 3 259-272.
. 1994. . 2011.
I 1 36-37. R .
. 1984. J.
30 5 399-408. . 2012.
. 1998. — I 31 6 1259-1276.
]
41 162-168. . 2013.
. 1990. ] 4 4 89- —
95. 1. 87 1 55-70.
. 2005. . 1999.
U-Pb 7. 50 22 J. 44 15 1676-1680.
2514-2521. . 2006. ]
. 1985. 30 3 271-286.
M . . 1-298. . 1990. M .
. 2002. . 1-265.
Sm-Nd Nd-Sr 1. 47 20 . 2001.
1592-1595. J D
. 2003. 31 7 578-585.



32 3

Re-Os 531

. 2003.
J . 10 4 520-528.
. 2000.
- .
74 1 39-50.
Orberger B Reeves S J. 1998. e
J . D 28 3 201-
207.
. 2010.
J . 26 11 3215-3244.
. 2012. R
J. 86 12 1917-1932.
. 2000.
] 45 33
2446-2452.
. 2001.
J . 21 1 42-47.
. 2007.
SHRIMP U-Pb
] 52 7 818-824.
Wilde S A. 2002. - Columbia
J . 47 18 1361-1364.
. 2012.
SHRIMP U-Pb J. 58
2 359-367.
. 2011. SHRIMP
J . 31'3 66-73.
. 1994. J .
14 2 157-163.
. 1988. -
M . . 1-198.
Barnes S ] Naldrett A J and Gorton M P. 1985. The origin of the frac-

tionation of platinum-group elements in terrestrial magmas ] .
Chemcal Geology 53 303-323.

Barnes S J and Naldrett A J. 1987. Fractionation of the platinum-group
elements and gold in some komatiites of the Abitibi greenstone blet
Northern Ontario J . Econ. Geol. 82 1 165-183.

Barnes S J. 1990. The use of metal ratios in prospecting for platinum-
group element deposits in mafic and ultramafic intrusions J . Jour-
nal of Geochemical Exploration 37 91-99.

Barnes S ] Couture ] F and Sawyer E W. 1993. Nickel-copper occur-
rences in the Belleterre-Angliers belt of the Pontiac subprovince and
the use of Cu Pd ratios in interpreting platinum-group element dis-

88 1402-1418.

tributions J . Econ. Geol.

Chai G and Naldrett A J. 1992. Characteristics of Ni-Cu-PGE minera-
lization and genesis of the Jinchuan deposit Northwest China J .

Econ. Geol. 87 1475-1495.

Crocket ] H Fleet M E and Stone W E. 1997. Implications of composi-
tion for experimental partitioning of plaitinum-group elements and
gold between sulfide liquid and basalt melt The significance of nickel
content J . Geochimica et Cosmochimca Acta 61 19  4139-
4149.

Crocket ] H. 2000. PGE in fresh basalt hydrothermal alteration
products and volcanic incrustations of Kilauea volcano Hawaii ] .
Geochimica et Cosmochimea Acta 64 1791-1807.

Edwards S J. 1990. Harzburgites and refractory melts in the Lewis Hill
massif Bay of Islands ophiolite complex The base- and Precious-
metal story ] . Canadian Mineralogist 28 579-594.

Fleet M E and Stone W E. 1991. Partitioning of platinum-group ele-
ments in the Fe-Ni-S system and their fractionation in nature J .
Geochimica et Cosmochirmica Acta 55 245-253.

Fleet M E Crocket ] H and Stone W E. 1996. Partitioning of platinum
group elements Os Ir Pt Pd and gold between sulfide liquid and
basalt melt J . Geochimica et Cosmochirmica Acta 60 2397-2412.

Fleet M E | Crocket ] H and Lin M H. 1999. Laboratory partitioning of
platinum group elements and gold with application to magmatic sul-
fide-PGE deposits ] . Lithos 47 127-142.

Garuti G Fershtater G and Bea F. 1997. Platinum-group elements as
petrological indicator in mafic-ultramafic complexes of the central and
southern Urals Preliminary results J . Tectonophysics 276 181-
194.

Greentree M R and Li Z X. 2008. The oldest known rocks in south-
western China SHRIMP U-Pb magmatic crystallisation age and de-
trital provenance analysis of the Paleoproterozoic Dahongshan Group

J . Journal of Asian Earth Sciences 33 5-6 289-302.

Gueddari K Piboule M and Amosee J. 1996. Differentiation of
platinum-group element PGE and of gold during partial melting of
peridotites in the lherzolitic massifs of the Betico-Rifean range Ron-
da and Beni Bousera J . Chemical Geology 134 181-197.

Jiang SY YangJ H Ling HF Feng HZ Chen Y Q and Chen J H.
2003. Re-Os isotopes and PGE geochemistry of black shales and in-
tercalated Ni-Mo polymetallic sulfide bed from the Lower Cambrian
Niutitang Formation South China J . Progress in Natural Sci-
ences 13 10 788-794.

Lambert DD Foster ] G and Frick L R. 1999. Re-Os isotope systema-
tic of the voisey’ s Bay Ni-Cu-Co magmatic ore system Labrador
Canada ] . Lithos 47 69-888.

Lorand ] P. 1989. Abundance and distribution of Cu-Fe-Ni sulfides sul-
fur copper and platinum-group elements in orogenic type spinel

lherzolites massifs of Ariege Northeastern Pyrenees France ] .

Earth and Planetary Science Letters 93 50-64.



532

2013

Lorand J P Keays R R and Bodinier J L. 1993. Copper and noble metal
enrichments across the lithosphere-asthenosphere boundary of the
mantle diapir Evidence from the Lanzo lherzolite massif J . Journal
of Petrology 34 1110-1140.

Maier W D and Barnes S J. 2004. Pt Pd and Pd Ir ratios in mantle-de-
rived magmas A possible role for mantle metasomatism J . South
African Journal of Geology 107 333-340.

McDonough W F and Sun S S. 1995. The composition of the earth J .
Chemical Geology 120 223-230.

Melcher F Grum W and Thalhammer T V. 1999. The giant chromite
deposits at Kemporsai Urals Constraints from trace element PGE
REE  and isotope data J . Mineralium Deposita 34 250-272.

Morgan ] W Wandless G A and Petrie R K. 1981. Composition of the
earth’ s upper mantle— [ . Siderophile trace elements in ultramafic
nodules J . Tectonophysics 75 47-67.

Naldrett A J and Duke M. 1980. Platinum metals in magmatic sulfide
ores J . Science 208 1417-1424.

Naldrett A J. 1981. Nickel sulfides deposits Classification composition
and genesis ] . Econ. Geol. 75 Ann 628-685.

Naldrett A ] Asia M and Krstic S. 2000. The composition of minera-

lization at the Voisey’ s Bay Ni-Cu sulfide deposit with special

reference to Platinum group elements ] . Econ. Geol. 95 4
845-865.

Oshin ] O and Crocket ] H. 1982. Noble metals in Thetford Mines ophi-
olites Quebec Canada Part I Distribution of gold iridium

platinum and palladium in the ultramafic and gabbroic rocks J .

Econ. Geol. 77 1556-1570.

Pasava ] Barnes S and Vyma A. 2003. The use of mantle normalization
and metal ratios in the identification of the sources of platinum-group
elements in various metal-rich black shales ] . Mineralium Deposi-
ta 38 775-783.

Pasava ] Vyma A Petersen Sand Herzig P. 2004. PGE distribution in
massive sulfides from the PACMANUS hydrothermal field eastern

Manus basin  Papua New Guinea Implications for PGE enrichment

in some ancient volcanogenic massive sulfide deposits J . Minerali-

um Deposita 39 784-792.

Pattou L Lorand J P and Gors M. 1996. Non-chondrite platinum-group
element ratios in the Earth’ mantle ] . Nature 379 712-715.
Prichard HM and Lord R A. 1990. Platinum and palladium in the Troo-
dos ophiolite complex Cyprus J . Canadian Mineralogist 28 607-

617.

Sun YL ChuZY SunM and Xia X P. 2009. An improved Fe-Ni sul-
fide fire assay method for determination of Re platinum group ele-
ments and Os isotopic ratios by inductively coupled plasma-and
Negative thermal ionization-mass spectrometry ] . Applied Spec-
troscopy 63 1232-1237.

TaoY LiCS HuRZ Ripley EM Du A D and Zhong H. 2007.
Petrogenesis of the Pt-Pd mineraliized Jinbaoshan ultramafic intru-
sion in the Permian Emeishan Large Igneous Provinece SW China

J . Contribution to Mineralogy and Petrology 153 321-337.

Wang C Y and Zhou M F. 2006. Genesis of the Permian Baimazhai
magmatic Ni-Cu- PGE Yunnan SW China J .
Mineralium Deposita, 41 771-783.

sulfide deposit

Westland A D. 1981 Inorganic chemistry of the platinum group ele-
mentsJ . Can. Inst. Metall. Spec. Iss. 23 5-18.

Zhao G C. 2001. Palaecoproterozoic assembly of the north China craton

J.. Geol. Mag. 138 87-91.

Zhao X F ZhouMF LiJW SunM Gao] F Sun W H and Yang J
H. 2010. Late Paleoproterozoic to early Mesoproterozoic Dongchuan
Group in Yunnan SW China Implications for tectonic evolution of
the Yangtze Block J . Precambian Research 182 57-69.

ZhouM F Sun M Keays R R and Kerrich R W. 1998. Controls on
platinum-group elemental distributions of podiform chromitites A
case study of high-Cr and high-Al chromitites from Chinese orogenic
belts J . Geochimica et Cosmochimica Acta 62 677-688.

ZhouM F Yan D P Kennedy A K Li Y Q and Ding J. 2002.
SHRIMP U-Pb zircon geochronological and geochemical evidence for
Neoproterozoic arc-magmatism along the western margin of the
Yangtze block south China J . Earth Planet. Sci. Lett. 196
51-57.





