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Abstract

Re-Os isotopic geochronology has been proved to be a powerful tool for direct dating of magmatic Cu-Ni sul-
fide ore deposits. Through Re-Os isotopic studies of world-class ore deposits, the authors have found that the ap-
parent Re-Os ages sometimes are consistent with or close to the mineralization age, but sometimes are inconsis-
tent or even fail to be obtained. What is more, different Re-Os isochron ages can sometimes be obtained for dif-
ferent types of ores from the same ore deposit. In this paper, theoretical models were illustrated for solving the
above problems. On the basis of these models, massive ores of mafic-ultramafic rock associated Cu-Ni sulfide de-
posits would yield geologically meaningful Re-Os age while pseudo-isochron would often be obtained for dissemi-
nated ores. Disseminated ores usually yield geologically meaningful initial Os isotopic ratio, whereas massive ores

would yield geologically meaningless apparent initial '¥’Os/!80s ratio, except for a few cases. Therefore, in or-
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der to obtain geologically meaningful Re-Os age, we should take into account such factors as the type of the ore

deposit, the type of the ore and the ore-forming process. Furthermore, in order to correctly interpret the

geological meaning of the apparent Re-Os age, it is necessary to carry out a detailed study of the dated ore de-

posit based on the basic principles of economic geology and isotope geochemistry.

Key words: geochemistry, Re-Os dating, magmatic Cu-Ni sulfide ore deposit, homogenization of initial Os

isotopic ratio, post-segregation diffusion of Os

N1 PGE Cu
Cu-Ni
Cu-Ni
Sm-Nd
U-Pb
U-Pb
SiO, -
ZrSi0y Cu-
Ni S
Lambert et al. 1998 Naldrett
1999 SiO,
SiO, 7O,
Lumpkin
1999
Cu-Ni Walker
et al. 1994 Foster et al. 1996 Lambert et al.
2000
Re Os
Re-
Os
Cu-Ni Re-Os
U-Pb
Re-Os Lambert et al. 2000 Yang et

al. 2008

1 1 Os

Re-Os U-Pb
Noril’ sk Cu-Ni
241.9+0.6 Ma
Walker et al. 1994 @
U-Pb 248 £4 Ma

Re-Os 243.1+

3.8 Ma

Kambalda

Ni-Cu-PGE Re-Os
2 664 £36 Ma

2 703+4 Ma

1996

U-Pb

Foster et al.

2709t6 Ma

Re-Os
U-Pb Voisey' s Bay Ni-Cu-
Co
U-Pb 1332.7£1.0 Ma Re-
Os 1 302 Ma U-Pb
Re-Os 988 Ma Lambert
2000 Re-
Stillwater U-Pb
Sm Nd 2 700 Ma
H Re-Os
2 900 Ma Horan et al. 2001
Os
Re-Os Du-
luth

Re-Os 1 851+36 Ma

A8Re=1.666%10""a ! Smoliar et al. 1996



31 1 Re-Os Cu-Ni 153
1 100 Ma Ripley et al. f H,0O 1 2
1998
Lambert 1998 Re Os Os
D R D Re Os Os R
PGE D Dgr. =500 D, =
30 000 Re Os 1 2
Re Os PGE Os 3
Cu Ni Co D 1 1 2
R Os 1%
R 10°° R 500 ~
Re Os PGE Cu Ni Co 2 000 Os
R Os Re Os Os
R Os
R Re-Os
sil U-Pb
cnt mix Kambalda
- Cu-Ni
M., = M, % M ﬁ I >\ Duluth Noril” sk
Voisey' s Bay S
Myix Mg Moy
Sr Nd Pb
S sul S
Re Os Os R
M= My % 2 Re Os Os 1 2
3 la 1b 3
Os 0.01 <1072 ~0.02x10"°
Os Re Os R
05 05 W =0T R % O <10 000 Os Os
P10 0s 1+ Osen 1+J!21><Osmix>< Cu-Ni ! ’ Re-
0s M0s 1wy 3 0 R >10 000
Osgl Osent Ospuix Noril’ sk
Os 1870 850 Os
870 1805 ¢ o, W0s 0s 1, b Re-Os
1
Os Kambald  Duluth 2
Cu-Ni
S Lambert 1998
S S Cu-Ni-PGE Re-Os
1 1 R
;O S Cu-Ni-PGE Re-Os



154 2012
10000
a 2 Il Os Os
1000}
100} Duluthf] H#h 55
3 B B 0
2o 51k 2.1 - Os
3
B TR /
Gk K mbildaffl Ni-PG )
0.1+ K Kambalda | 5 F iR Jem W CuNi-PGE
Ni-Cuffi 4L 7 IR 1995 20
0.01F D Duluth L]
Cu-Nif A48 Ik EWAE—HBERAERK
0.001 L - L L :
0.001  0.01 0.1 1 10 100 1000 Re-Os
Re/Os Re-Os
4000 Duluth
3500 | t;{ o i&)’L(Lb%"ﬁﬁ\{’ OS 1
ambalda .
3000 Nl Cuh}lh’f”t'}ﬂ’ﬁr‘ﬁ: 3 .' Re—OS 1 117 i 67
Duluth .
_ 2500 } Cu NI AL BR ) Ma  833+35 Ma 3
= NT Noril'sk
£ 2000 | Cu-NiBALIIT K Re-Os
1500 | 1408 £34 Ma Keays et al. 2004
1000 v Re-Os U-
500 10 Skj "\1 Hhy 72 VE e B Y Pb Li 2004
0+ |
500 K #l 5 Rans AP RIS R
0.1 1 10 100 Th U 1.9~15.9
RelOs SHRIMP U-Pb 827 + 8
| ] co  Ma Li 2005
Ni Os Os R U-Pb 812+26 Ma Su
a. Os b. Os 2004 2005 2007 Zhang
Lambert et al. 1998 2009 U-Pb
12 3 0.1k 0.5k 1k 5k .
. Li 2004 2005
Fig. 1 Re Os ratio versus common Os concentration a Liu 2009
and Re Os ratio versus initial Yo, b for komatiite-associated
and mafic-ultramafic rock-associated magmatic Cu-Ni sulfide Liu 2009
deposits modified after LLambert et al. 1998
Curves 1 2 and 3 model different ore forming processes for detail
see the text. Marks 0.1k 0.5k 1kand35 k along the curves
represent R factors Lumpkin 1999 Li
1 Cu-Ni Re-Os Os

Table 1 A summary of apparent Re-Os isochron ages and initial '*’Os ¥8Qs ratios for different ores

of the Jinchuan Cu-Ni sulfide deposit
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1074 +20 0.162+0.017 Yang et al. 2008
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867+ 75 0.235+0.027 Yang et al. 2008
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