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Geochemical characteristics of platinum-group clements and their
laboratory partitioning determination
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(CAS Key Laboratory of Crust-Mantle Materials and Environments, School of Earth and Space Sciences, University
of Science and Technology of China, Hefei 230026, China)

Abstract: With the development of modern analysis, great breakthrough in PGE measurement has been
achieved. Platinum group elements(PGEs) can now be regarded as one of the important fields in petrology, ore
deposits and geochemistry. At present, the PGEs are becoming an increasingly important element group to trace
the characteristics of geochemical processing. In this paper, the new data of laboratory partitioning of platinum-
group elements and gold are summarized from literature abroad. The results of the controlled atmosphere experi-
ments have yielded more S-rich sulfides, which seem to be the most appropriate laboratory data to be applied to
magmatic sulfide-PGE deposits. It is also found that the sulfide liquid immiscibility model alone can not account
for the apparently high concentration of PGE-Au in PGE-Au sulfide reef deposits based on these laboratory parti-
tioning coefficients, suggesting the existence of extensive transformation and enrichment by either rock-melt process
or rock-fluid process during the protracted post-accumulation and late magmatic history of large igneous bodies.
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2000
1 2000 Hsu et al. 2001 Dai et a/. 2001 Gros et al.
Table 1 Chemical properties of platinum-group elements 2002 Barefoot 2004 Meisel and Moser 2004
from Yang Xueming et al. 2000 PGE
A T
Ru 44 2+ 0.74 2310 ICP-
3t 0.68 MASS  LA-ICP-MS PGE
4+ 0.62
Rh 45 2+ 0.72 1 966
3+ 0.66 PGE
4+ 0.6
Pd 6 2+ 0.86 1552 .
3+ 0.76 PGE
Os 76 4+ 0.615
2+ 0.74 3045 PGE PGE
4+ 0.63 -
Ir 77 2+ 0.74 2410
4+ 0.68 2\ PGE Campbell 1983
Pt 78 2+ 0.80 1722 Pt Pd
i 0.0 160 000 120 000 Barnes
1985 PGE
Au CI Os>1r>Ru>Rh>Pt>Pd
Chou 1978 Crocket PGE
1981
PGE Brugmann er al. 1987
Kramar et al. 2001 Hou et
al. 2004 Siebert et al. 2005 PGE
Keller et al. 2003 Kamo et al.
2003 Glikson and Allen 2004 PGE PGE
Orberger et al. 1998 Irvine et al. 2003 Lo-
rand et al. 2003 Zhong et al. 2003 Crocket and PGE Au
Paul 2004 Zheng et al. 2005 PGE
PGE
Puchtel et al. 2004 Barnes
2004 Biichl ez a/. 2004 Distler ez al. 2004 Zhou 2 PGE

et al. 2004 Liu et al. 2004 Hanley et al. 2005
Maier 2005 PGE REE
PGE
REE

Ir>Au>Rh>Pd>

PGE Au Fe Ni

Peach et
al. 1990 1994 Stone et al. 1990 Fleet and
Stone 1991 Bezmen et al. 1991 1994 Fleet et
al. 1991a 1991b 1993 1996 Crocket et al.
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1992 1997 Lietal. 1996 Brenan et al. 2003 D
Meisel and Moser 2004 Peregoedova et al. 2004
PGE-Au Fe Ni monosulfide
solid solution MSS Fe
PGE Fleet et al. 1996 O
PGE-Au  MSS S 0~17 mol% NiS
1 000 ~ 1 040C Dpce-au Os 100x10°° PGE-Au 1300C
4.3 Ir3.6 Ru4.2 Rh3.0 Pt0.21 Pd 0.5~2h D Do.= 3.7+1.3 x10°
0.21 Au 0.09 D= 3.2+1.1 X10° Dg,= 4.4+£2.4 x10°
MSS Os Ir Ru Rh Dp= 4.610 X10° Dpg= 5.0+£1.8 x10° Dy, =
Pt Pd Au Fleet et al. 1993 Barnes et al. 3.041.0 X10° @
1997 FeS Fe 36 mol% NiS 100 X 1076
PGE— Au OsIr —1000%10°°  PGE-Au 1250C
FeS 11GPa DPGE-AU Os 1 400 Ir 48 h 2 D D()* = 30+6 X
160 Pt 32 Ru0.6 Rh0.2 Pdo0.04 10° D= 26411 x10° Dy = 6.4+2.1 x10°
Fe-Pr-Os 8.5G Pa Dp= 1044 X103 Dpy= 17+7 X 10°
Dpgeas Os 120 Ir 82 Pt 20 Ru 5.0 Rh PGE
1.6 Pd 0.1 Fleet et al. 1991b ’
105Pa Flect 51
Stone 1990 Barnes et al. 2004 ‘ Li Fleet 1999 Os Ir
1996 Jana  Walker 1997 5.0 GPa 105Pa Ru Pt Pd  Au
Ni Fe+
. o 1C
Jana  Walker 1997 Ni 0.02~0.75
S b PGE 60 < 10°°
Os
PGE'zAu . ] Au 0.1% 106 ~24 x
10°~10 2 PGE-Au 10-6 S %106
7 R Au Dpce-Au
" Ni Fe+ Ni =0.02
2 PGE-Au X 10°
Table 2 Partitioning parameters in sulfide liquid silicate melt of PGE-Au
Os Ir Ru Rh Pt Pd Au
130 9.1 88 Stone 1990
3.7 3.2 4.6 5.0 3.0 Fleet 1991a  Crocket 1992
0.23 310 2.5 27 >1000 55 16 Bezmen 1991 1994
25~54 43 Peach 1994 MORB
130~1 520 12~78 Peach 1994
35 34 Peach 1994
15 35 Peach 1994 MORB
3.7 3.2 4.4 4.6 5.0 3.0 Fleet 1996
30 26 6.4 10 17 Fleet 1996
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2x10° Ni Fe+ Ni =0.61 CCO 3
3x10° 4 Fleet 1991a Crocket 1992
Dpge-Au 6 42.9% CCO
S=1.333 46.0 % IQF S=1.173
46.8% IW S=1.137
Ni Ni+ Fe =0.15 Fleet
PGE-Au 1999 Ni Ni+ Fe
=0.02 46.4% S=1.155
Fleet 1991a Crocket 1992 Fleet Ni Ni+Fe =0.55 44 .1%
1999 S=1.268 Ni  Ni+ Fe =0.74
44 . 0 (%) S = 1 . 273 DPGE*AU
W - - IQF - CO - CO, 1x103~5x10° la
50— T T T T T 70— T T T T
a b
60} E
40 |
501 E
g 30f CA-WM 1 % 40t ]
s 20l {1 & 39 1
201 E
10} ¥
SSGT-IQF 10F .
oL— L L L L L oL~ L L
Os Ir Ru Pt Pd Au Os Ir Ru Pt Pd Au
1 PGE-Au
Fig. 1 Diagram showing different partitioning parameters in sulfide-rich liquid
a— PGE-Au CA-WM SSGT-1IQF
IQF b— PGE-Au

a—comparison between differential partitioning coefficients with S-rich sulfide liquids CA-WM refers to result obtained under controlled
atmosphere WM under oxygen buffer SSGT-IQF under sealed silica glass tube and IQF under oxygen buffer b—differential

partitioning of PGE-Au for experiments under open atmosphere

WM
S O
S+0 Ni Ni+ Fe =0.18
55.2% Ni Ni+ Fe =0.036
Fe Ni 53.5% Ni Ni+Fe =0.66
Fleet 1999 49.1%
PGE-Au Ni PGE-Au
Fleet 1996 1b Dos Dy Dpg
Ru Dre Dau 1000 Dy,
2.2
Fleet 1996 Crocket 1997
- wustite — magnetite WM PGE-Au

log f 'Sz -1.0 f ‘oz S '52 CO SO,
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PGE-Au
PGE-Au
S Ni Fe
PGE
S S
WM
Naldrett
1989
38% ~—40 %
PGE-Au
PGE
3 PGE
- -PGE
Naldrett 1989 PGE
PGE  Au PGE

1989 Naldrett 1989

von Gruenewaldt et al .

Sassani and Shock 1998 PGE
PGE-Au Naldrett 1989
2 Bushveld  Stillwater
PGE-Au
3 CFB* 1 -
PGE-Au
Langmuir PGE-Au
PGE-Au 3
Dpce-Au
PGE-
DPgE Ay 1~2
Dpge-Au 1~2 2
PGE

PGE Ir Pd Ru Au
Ru
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Davies and Tredoux 1985
5 Ru
Ir PGE
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logio PGE(BRACY /RERREE)

2k 4 Langmuir/Komatiite
Espedalen

Pld Alu

Os Ir Rlu th I;t

2 PGE PGE-Au
Fig. 2 Diagram of normalized PGEs-Au of some magmatic
sulfide ore deposits on the basis of continental basalts
and komatiite
UG-2 Merensky
J-M  Bushveld
Espedalen

Stillwater Kanichee

Abitibi
Langmuir

Abitibi

Naldrett 1989

The filled squares represent the average partitioning coefficients for
open atmosphere experiments S-rich sulfide liquids UG-2 Meren-
sky and J-M are platinum reefs in the Bushveld and Stillwater Com-
plexes Kanichee and Espedalen are massive sulfide deposits associated
with gabbro in the Abitibi belt of Ontario Canada and southern Nor-
way respectively and the Langmuir mine is massive sulfide associat-
ed with komatiite in the Abitibi belt of Ontario Canada data from

Naldrett 1989

4 PGE

PGE

Os Ir Ru
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[

3 PGE-Au wg 1077

Table 3 Contents of PGE-Au in some whole rocks

Os Ir Ru Rh Pt Pd Au

1 OIB Leg 115 ODP 0.11 0.22  0.31 7.3 8.1 3.2 49 Greenough & Fryer 1990
2 OIB 0.087 0.34 1.59 1.73 30 59 Greenough & Fryer 1990
3 CFB 0.092 6.9 7.4 3.5 49 107 Greenough & Fryer 1990
4 CFB” 0.087 0.092 0.22 0.31 6.9 7.4 3.5 12 3
5 1.80 1.71 3.93 1.3 12.1 10.2  3.48  Fleet 1999
6 Bushveld 0.35 3.0 1.4 17.0  12.0  3.05 Davies Tredoux 1985
OIB CFB
Rh Pt Pd Au 4 Ir Pd
5
Ir Pd
PGE
Au Pd Ir
Ir Pd Au
Pd PGE
PGE REE
PGE
4.1
Naldrett  Duke 1980 PGE
Au PGE
1 REE Barnes & Naldrett 1986
REE PGE
PGE
4 PGE wy 1077
Table 4 Standard values for the normalization of PGEs and some transitional elements
1 2 3 1 2
Ni 2 110 000 2110 000 89
Cu 28 000 28 000 28 000 63
IPGE
Os 510 514 700 3.3 4.0~5.6
Ir 510 540 500 3.6 3.5 4 3.4
Ru 690 1 000 4.3
PPGE
Rh 200 0.06
Pt 1 060 1020 1500 7 7 7.5 0.4
Pd 510 545 1200 4 4 5 0.4
Au 160 152 170 1 0.5 1 0.75~1.5
Re 35 0.1 0.35
1 2 3 4 5 6 7 89

1 7—Sun 1982 2—Naldrett Duke 1980 3—Cochetie 1989 4—Brugmann 1987 5—Jagoutz  Palme 1979 6—Sun 1991
8—Wedepohl 1995 9— 1990
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4.2 and Meurer 1997
Brugmann 1987 1 2 PGE
PGE Pd Ru Ir Os -Au-Cu-Ni Bushveld
Ru Stillwater Pd
4 Brugmann 1987
PGE Bushveld
PGE Stillwater 10°~10°
0.5%~1% PGE
PGE 2 10° Fleet et
al. 1996 Crocket et al. 1997
PGE
PGE
5 -PGE
D, Dpg PGE Dy,
Dpq Dry Dau
-PGE Drs  Day Fleet ~ Wu 1995
+ + + PGE-Au S-Cl
38% ~
40% Naldrett 1989 S
Ni Fleet and Stone 1990
-PGE PGE- PGE-Au
Au 4 R
PGE
Campbell and Barnes
1984 Dpae A 10° 10 PGE
D R
Naldrett and Wilson 1990 Bushveld  Stillwater
Dpce Au 10° 10° Peach et al.
1994 Fleet er al. 1999 R Irvine 1980 PGE-Au
PGE-
Au R R
PGE-Au
6
PGE
1
PGE
Bushveld — Stillwater Au
PGE-Au
PGE-
Boudreau 2
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