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1 PGE ( g g D
Ir Ru Rh Pt Pd
0. 0003 0.0012 0.0016 0.075 0. 0032
0. 0024 0. 0086 0. 0048 0. 082 0.043
— 0.011 0. 003 0.17 0.12
GBW 07290 ) 5.50 13.8 1. 11 6.76 3.40
GBW 07290 4.3+0.28 14.8+1.87 1.3+0. 21 6.4+0.4 4.6+0.29
GBW 07291 ) 6. 14 1. 39 4.57 57.6 77.8
GBW 07291 4.7+0. 65 2.5+0.15 4.3+0.52 58+2.19 60+4. 05
WGB-1 b 0.21 0. 14 0.29 6.3 13.6
WGB-1 0.33+0.17 0.3" 0.32+0.21 6.1+1.6 13.9+2.1
WPR-1 b 13.6 19.7 13.7 257 248
WPR-1 13.5+1.8 22.0+4.0 13.4+0.9 285+12.0 235+9.0
a) 3 5 b) 5 ;% 5 . : GBW07290
GBW07291 ( G BW07288-GBW07294), 1996 10 ;WGB-1 WPR-1 CCRMP (Canadian
Certified Reference Materials Project), 1997 8
3 HRBHEBESE AN EECENMEITRR ’ e e ’
i MgO , Si02, A120s, TiO2, CaO
Na20 s
. CIPW
2. . 18 %—55%. e
. Si02 . i i
(47%—51%), Na20 + K20 2. 3% —
2.4%, Si0s (43%)  Na0+ ’ ’ .
K0 (1.2) ’ (Ab+ An) . Si0n  MgO,
Si0:2 (38%—42%) Na:0 + K20 CIPW ’
0.2%—0.4%).  TAS . ’
’ ’ ;
. .
C 2).
MgO (25% —29%), Ca0/Al0s
0.5—0.6) ) 2
2 (%), APW % (tg @
sam ple L2906 L2907 L2912 12908 L2909 L2910 12911 L2911P
Si0, 50. 65 50. 66 46. 88 42.96 42.97 42.11 38.34 38.42
TiO, 0.77 0.77 2.69 2.05 2.08 0.25 0. 35 0. 35
A LOs3 16. 64 16. 09 13.95 13.57 13. 84 8. 85 6.59 6.61
Fey03 9.31 9.34 18. 83 20. 89 20. 63 14. 3 15.76 15.91
M nO 0.15 0.15 0.24 0. 14 0. 14 0.2 0.21 0.2
M ¢O 7.47 7.76 5.49 7.08 7 24. 65 28.78 28.71

Ca0 11.92 12. 01 9.26 12. 02 11. 99 5.33 3.08 3.07
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sam ple L2906 L2907 L2912 12908 L2909 L2910 12911 L2911P
Nay0 2.1 2.21 2.37 1.23 1.22 0.21 0.32 0.31
K,0 0.24 0.19 0.03 0.01 0. 02 0. 01 0. 05 0.05
P,05 0.05 0. 08 0. 15 0. 02 0.01 0.04 0.13 013
LOI 0.39 0.17 3.56 4.79 4.89
TOTAL 99.7 99. 42 99. 24 99. 39 99. 48 99. 51 98.4 98. 66
0 1.94 1.43 1.51
or 1. 44 112 0.2 0. 09 0.1 0. 08 0.29 0.29
ab 19. 18 20. 17 22.42 11.63 11.57 1.95 2.98 2 86
an 35. 81 33.93 28.75 33.27 34.08 23.46 14.79 14.7
ne
C 0.8 0.87
di 19.12 20. 8 14. 87 23.68 22.96 2.48
hy 18. 89 18. 88 23.37 10. 47 11. 12 26.57 14.24 14.9
ol 13. 86 13. 12 43.18 64. 14 636
mt 2.41 2.41 4.61 3.92 3.95 1.85 1.99 198
il 1. 09 1.09 3.94 3.02 3.06 0.35 0.5 05
ap 0.11 0.17 0.33 0.05 0.03 0. 08 0.28 0.28
Se 40 39 50 55 57 15 12 11
\ 225 232 389 911 918 99 116 102
Cr 400 661 1 2673 7448 7313
Co 41 42 45 93 82 118 146 142
Ni 72 79 6 12 10 802 1062 1012
Cu 97 97 177 63 62 80 29 27
Zn 53 55 109 88 94 80 101 97
Ga 14 13 18 18 18 6 7 6
Rb 6.1 4.3 L5 0.4 0.6 0.4 1.4 L4
Sr 345 230 70 75 66 89 122 123
Y 10 10 19 7 7 5 5 5
Zr 7 10 17 11 12 11 14 13
Nb 0.5 0.5 0.1 0.3 0.6 0.6
Cs 0. 0.3 0.1 0.1 0.3 0.2 0.2
Ba 87 74 27 11 17 14 36 48
La 3.1 2.1 3.2 0.3 0.3 1.7 4.6 42
Ce 7.1 3.8 10.2 0.8 0.8 4.3 9.7 86
Pr 1.2 0.6 1.7 0.2 0.2 0.8 1.4 L2
Nd 5.8 2.7 9.2 1.4 1.4 3.6 6.0 55
Sm 1.54 0.91 2.55 0.93 0. 98 0.95 1.23 116
Eu 0. 66 0. 46 1.09 0.43 0.45 0.32 0.37 0.37
Gd 1.76 1.42 3.34 1.24 1.28 0.9 1. 15 1.09
Th 0.32 0.29 0.59 0.22 0.24 0. 15 0. 18 0.17
Dy 2.1 2.1 3.9 L5 1.6 1.0 1.1 L0
Ho 0.4 0.4 0.8 0.3 0.3 0.2 0.2 0.2
Er 1.3 1.3 2.2 0.9 0.9 0.6 0.6 0.6
Tm 0.2 0.2 0.3 0.1 0.1 0.1 0.1 01
Yb 1.2 1.2 2.1 0.8 0.8 0.6 0.6 0.6
Lu 0. 18 0.19 0.31 0.12 0.12 0.1 0. 09 01
Hf 0.24 0.31 0.54 0.43 0. 47 0.29 0. 41 0.39
Ta 0. 031 0. 029 0. 002 0. 001 0. 003 0. 021 0. 037 0. 086
Pb 2.7 0.9 9.7 2.0 1.3 2.5 7.7 7.8
Th 0.2 0.1 0.6 0.2 0.2 0.2 0.3 03
U 0. 06 0.04 0.17 0. 08 0. 08 0. 05 0. 10 0. 10
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, Kam chatka
3, 0 Stille-
( Ir Ruw rwater (9] s
, PGE C 4.
3 ( :ong g b
Ir Ru Rh Pt Pd
2906 - 0. 003 0. 108 0. 340 0. 467
2907 0. 003 — 0. 083 0. 198 0. 032
2912 - 0. 007 0. 002 0. 083 0. 157
2908 - - 0. 109 0. 155 0. 094
2909 — 0. 030 0. 142 0. 287 0.503
2910 0. 837 0.723 0. 665 12. 003 7. 420
2911 1. 180 1. 760 0. 648 3.403 8. 667
2911P 0. 520 1. 357 0. 422 3.750 8. 340
Kam chatka a) 3.72 10. 46 1. 62 16. 39 6. 15
Stillw ater b) 0. 250 6 5 12 55
D [36. b (19, —
” [ 14,19, 37, 3§
100 [——=TRwT—]
—— ALK ’
—— MY
10 F—— Kamchatkao#fo 4 .4 ’ ’
< - A- - Stllwater ¢tk =t
’ I b b
"
g ol ———F— .
& I , 0.25—0.9% g ° g » Ir
uﬂ
# 001 T . Pd 0.03—0.5ng °
—1
0.001 JF &
0.0001 : - +
Ir Ru Rh Pt Pd
b
4 s
( [18) .
PGE MgO
14.39— [14
R
21.65ng ° g s Ir Pd 3 X M g0 )
0.8ng ° g ' 10ng ° g ' s, Pd/Ir
(~10) (1.2). , . Ir ,
Pd, Pt s Ir Pt,
’ Pd
[, . PPGE

IPG E « ”» «



64 18 1 2008 1
s FeO , S
5 Wie
) S
Cu S , [40.41
K S b ’ . Pd
Cu S. Pd / ( 5 )y
(17000) Cu / , S s
(~1383), s , Pd
S 9 S 9 Pd b Pd
Cu , ( 5 ).
Cu/Pd H S ’
Pd Cu , Cu/Pd ’
©® - CwPdPd (5, . Trvine!™ —
( Cu/Pd ’
) ’ S
PGE S ’ [ 43—45 s
’ ’ S s PGE
PGE , Cuw/Pd . PCE PCE ’
, Cu/Pd R ’
' PGE
;Lmn 3 ’
o Wt HmE
o ¢ O A (Ru Pd) ,
o A GG
0 PGE ( Cu—Fe—
l()‘{ e Ni ). IPGE PPGE
4 ’ Pd
- 10 B
% I D) Ir Ru
i . Rehkiéimper '**
107 R
1 / N
10'+ L ’
10’ e TP B s v Ir
100" 10" 10" 100 100 100 100 10°
Pd/ng.g! ’ .
Ir (~0.1XC1
5 Cw Pd Pd ) pd/1r "7 .
( [31) PGE



18

1 2008 1 6

5_

[ 48. 49

PGE
. Ir (D™
22000)°",

II' ’

51

Keays s s

Rhy

OsIr
, IPGE PPGE . ,

, PGE

OSa Ir

Pd 32 PGE

2)

Bt HATIAEREAT AL, FRAKEZ

MEeHE, BEXS MO HHHAFELRER

BT WMWK T,

FRAMABAATT AR

WE AT, Rl AR W R R

1

3

Z % X W

Fryer BJ, Greenough JD. Evidence for mantle heterogeneity
from platinum-group-element abundances in Indian Ocean ba-

Can J Earth Sci, 1992, 29. 2329—2340
Brigmann GE, Naldrett AJ, Asif M,

salts.
et al. Siderophile and
chalcophile metals as tracers of the evolution of the Siberian T rap
in the Noril’ sk region, Russia. Geochim Cosmochim Acta

1993, 57. 2001—2018

Barnes SJ Picard CP. The behaviour of platinum group  ele-

11

12

14

15

16

17

ments during partial melting, crystal fractionation, and sulphide
segregation: An example from the Cape Smith Fold Belt, north-
ern Quebec. Geochimica et Cosmochimica Acta, 1993, 57. 79—
87

Barnes SJ, Francis D. The distribution of platinumgroup ele-

coppers and gold in the M uskox layered intru

Canada Econ Geol, 1995, 90

ments, nickel,
sion, Northwest Territories.
135—154

Greenough JD, Fryer BJ. Behaviour of the platinum-group ele-
ments during differentiation of the North Mountain Basalt. Nova

1995, 33. 153—163
Vogel DG, Keays R R. The petrogeness

Scotia Can Mineral
and platinunr group

element geochemistry of the Newer Volcanic Province, Victorna,

Australia. Chemical Geology, 1997, 136: 181—204
, 1998, 14(3). 299—304
PGE . , 1999, 44, 859—
863
, 1999, 44(15): 1676—1680
Philipp H, Eckhardt JD, Puchelt H. Platinum-group elements

(PGE) in basalts of the seaward-dipping reflector sequence SE
Greenland Coast. Journal of Petrology, 2001, 42(2). 407—432
Momme P, Tegner C; Brooks CK, et al. The behaviour of plati-
num-group elements in basalts from the East Greenland rifted
2002,

margin. Contributions to Mineralogy and Petrologys

143(2): 133—153

’ ’ ’

, 2005, 21(1). 227—239

’ i

2006,
25(1): 33—39

Briigmann GE, Arndt NT, Hofmann AW, etal. Noble metal a-
bundances in komatiite suites from Alexo, Ontario and Gorgona
Island,
51: 2159—2169

Dowling SE, Hill R. The distribution of PGE in fractionated

Columbia. Geochimica et Cosmochimica Acta, 1987,

Archean komatiites, Western and Central Ultramafic Units, Mt
Keith region, Westem Australia. Aust J] Earth Sci 1992, 39:
349—363

Puchtel I Humayun M. Platinum group elements in Kotomuk-
sha komatiites and basalts: Implications for oceanic crust recy-
cling and core-mantle interaction. Geochim Cosmochim Acta,
2000, 24. 4227—4242
Maier WD, Barnes SJ,

bel metals in Southern African flood-type basalts and MORB:

Marsh JS. The concentrations of the no-

Implicatigns for petrogenesis and magmatic sulphide explo ration.



66

18

1 2008 1

20

21

22

23

24

25

26

27

28

29

30

2003 146: 44—61

Barnes SJ, Boyd R, Korneliussen A. T he use of mantle normali-

Contrib Mineral Petrol

zation and metal ratios in discriminating between the effects of
partial melting, crystal fractionation and sulphide segregation on
platinum-group elements, gold,
from Norway. In: Prichard H M, Bowles ] W, Potts P. eds.
1988, 113—143

Barnes S, Naldrett AJ, Gorton MP. The Origin of the fraction-

nickel and copper: Examples

Geo-Platinum 87. Amsterdam: Elsevier,

ation of platinum-group elements in terrestrial magmas. Chem
Geol, 1985, 53. 303—323

Lorand JP. Abundance and distribution of Cu-Fe-Ni sulfides,
sulfur, copper and platinum-group elements in o rogenic ty pe spi-
of Ariege ( Northeastern Pyrenees,
France). Earth Planet Sci Lett, 1989, 93:. 50—64

Garuti Gs Gorgoni C; Sighinolfi GP.

nel lherzolite massifs

Sulfide mineralogy and
chalcophile and siderophile element abundances in the Ivrea- Ver-
bano mantle peridotites (western Italian Alps). Earth Planet Sci
Lett, 1984, 70. 69—87

Garuti Gs Fershtater Gs Bea F, et al. Platinum-group elements
as petwlogical indicators in mafic-ultramafic complexes of the
central and southern Ural: Preliminary results. Tectonophysics,
1997, 276. 181—294

Rehkimper M, Halliday AN, Fitton JG, et al. I, Ru, Pt, and
Pd in komatiites: New constraints for the geochemical behavior
of the platinum- group elements in the mantle. Geochim Cosmo-

chim Acta 1999, 63(22). 3915—3934

i ’ s

, 2002, 76(D:. 1—14

» 1995,

11(3). 243—256

’ ’ ’

, 2001, 7(3);
356—362
Jahn BM, Fan QC, Yang JJ, et al. Petrogenesis of the M aowu

py roxenite-eclogitebody from the UPH metamorphic terrane of

Dabieshan: Chemical and isotopic constraints. Lithos, 2003,
(70). 243—267
— . , 1993,
18(18): 1694—1697
s s s — He
, 1997(18). 77—179

Jahn BM. Geochemical and isotopic characteristics of UHP eclo-
gites an ultramafic rocks of the Dabie oogen: Implications for
Hacker B,

continental subduction and collisional tectonics. In :

Lion JG,  eds. W hen Continents Collide: Geodynamics and Geo-

31

32

33

34

35

36

37

38

39

40

41

42

43

chemistry of Ultrahigh-Pressure Rocks. Dordrecht: Kluwer
Acad, Publishers, 1998
. , 1996, 1. 1—8
—1: 10000 . , 2000, 10(3): 166—
172

Chavagnac V, Jahn BM . Coesite-bearing eclogites from the Bix-
iling Complex, Dabie Mountains, China; Sm-Nd ages, geochemi-
cal characteristics and tectonic implications. Chem Geol, 1996,
133; 29—51

Zhang RY, Rumble D, Liou JG, et al. Low 0180, ultrahigh-P
garnet-bearing mafic and ultramafic rcks from Dabie Shan ,
China. Chem Geol, 1998, 150. 161—170

Sun SS, M cDonough WF. Chemical and isotopic systematics of
oceanic basalts; implication for mantle composition and process.
In: Saunders AD, Norry MJ, eds. Magmatism in the Ocean Ba-
sins. London: Geological Society Special Publication, 1989, 42.
313—345

Kepezhinskas P, Defant MJ, Widom E. Abundance and distni-
bution of PGE and Au in the island-arc mantle: Implications for
Lithos, 2002, 60. 113—128

Gueddari K, Piboule M, Amosee J. Differentiation of platinum-

sub-arc metasomatism.

group element (PGE) and of gold during partial melting of peri-
dotites in the lherzolitic massifs of the Betico- Rifean range ( Rom-
da and Beni Bousera). Chem. Geol. 1996, 134. 181—197
Lorand JP. Keays RR, Bodinier JL. Copper and noble metal en-
richments across the lithosphere-asthenosphere boundary of the
mantle diaper: Evidence from the Lanzo lherzolite massif. J Pet-
rol, 1993, 34. 1110—1140

Barnes SJ, Maier WD. Platinum-group element distributions in
the Rustenburg Layered Suite of the Bushveld Complex, South
Africa. In: Cabr LJ. The Geology, geochemistry mineralogy
and mineral benefication of platinum-group elements. Edited by
Canadian Institute of Mining Metallurgy and Petroleum, Special
Volume 2002, 54: 483—506

Mathez E A. Sulfur solubility and magmatic sulfides in subma-
rine basalt glasses. ] Geophys Res, 1976, 81. 4269—4276
YiW, Halliday AN, Alt JC, et al. Cadmium, indium, tin, tel
lurium and sulfur in oceanic bsalts: Implications for chal cophile
element fractionation in the earth. J Geophys Res, 2000, 105:
18927—18948

Irvine TN. Crystallization sequences of the Muskox intrusion
and other layered intrusionsIl. Orgin of chromitite layers and
similar deposits of other magmatic ores. Geochim. Cosmochim
1975, 39: 991—1020

Helz RT. Detemination of the P-T dependence of the first ap-

Eos

Acta,

pearance ,of, FeS-rich liquid in natural basalts to 20kb.



18

1 2008 1 e

44

45

46

47

Trans. Am. Geophys. Union, 1977, 58. 523

Mitchell RH, Keays RR. Abundance and distribution of gold,
palladium and iridium in some spinel and garnet lherzolites; Im-
plication for the nature and origin of precious metal rich interg-
ranular component in the upper mantle. Geochim Cosmochim Ac-
ta, 1981, 45. 2425—2445

Ionov DA, Hoefs], Wedepohl KH, et al. Content and isotopic
composition of sulphur in ultramafic xenoliths from central Asia.
Earth Planet Sci Letts 1992, 111. 269—286

Hamlyn PR, Keays RR. Sulfur saturation and second-stage

melts: Application to the Bushveld platinum metal deposits.
Econ Geol. 1986, 81: 1431—1445
Rehkimper M, Halliday AN, Barfod D, et al. Platinum-group

element abundance patterns in different mantle environments.

50

51

52

491—508

Walker RJ, Hanski E; Vuollo J, et al. The Os isotopic com po-
sition of proterozoic upper mantle; evidence for chondritic upper
mantle from Outokumpu ophiolite, Finland. Earth Planet Sci
Lett, 1996, 141. 161—173

Righter K, Campbell AJ, Humayan M.
Rh, Pd, Re,
pyroxene and silicate melts. Geochim Cosmochim Acta 2004,

68(4). 867—880

Partitioning of Rus

Ir and Au between Crbearing spinel, olivine,

Keays RR. The role of komatiitic and picritic magmatism and S
saturation in the formation of ore deposits. Lithos 1995, 34.
1—18

Tredoux M, Lindsay NM, Davies G et al. The fractionation of

platinum-group elements in magmatic systems, with the sugges

Science 1997, 278: 1595—1598 tion of a novel causal mechanism. S Afr J Geol, 1995 98:
48 Stockman HW, Hlava PF. Platinum group minerals in alpine 157—167
chromitites from southwestern Oregon. Econ Geol 1984, 79:
(k3% 57 )
4 , 2nm DLC) ; -ECR
2nm  SiNx SiCN ,
5
5 , . N
: 4 , 8—15 ¢ +1;
(6) .
; N ;
D .
<« 2
’ ’ s

(& ,

(B4, £ ER)



