




Fig. 4. ReeOs isochronal ages for pyrites from the Shangbao deposit. (a) The isochronal age of Sample 11SHB01. (b) The isochronal age of Sample 11SHB03.
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calculated by formula (187Os/188Os)i ¼ (187Os/188Os)m �
(187Re/188Os) * (elt � 1).

(2) The ReeOs system may have been disturbed slightly by
later magmatic event, or some other process that caused a
redistribution of Re and radiogenic Os. There is, however,
no microscopic evidence of supergene alteration because
all of the chosen euhedral pyrite grains had fresh un-
oxidized surfaces and had no inclusions. According to
Brenan et al. (2000), the pyrite grains at millimeter-size
can undergo core disturbances by a diffusive exchange
with an external Os reservoir, and the process could occur
for at least 10 Ma at 500 �C. The radii of all pyrite grains
in this research are about 5 mm, however, which are large
enough to resist supergene diffusive exchanges. Stein et al.
(1998) and Selby and Creaser (2001) suggested that the
ReeOs systematics are unaffected by post-ore processes.
Selby and Creaser (2001) also concluded that the ReeOs
system was undisturbed by low to moderately saline
(1e15 wt% NaCl equiv.) hydrothermal fluids. Selby et al.
(2009) worked on the Ruby Creek deposit, and their re-
sults show that the ReeOs systematics of pyrite, chalco-
pyrite, and bornite were unaffected by greenschist facies
metamorphism. All these data indicate that the ReeOs

isotope system is very resistant to later disturbances. The
Re and Os concentrations of the late pyrite grains are
much lower than the early pyrite grains in the Shangbao
ore deposit, and it seems that ReeOs isotope system of the
sampled early pyrite grains did not undergo later meta-
morphic disturbances.

(3) A complex precipitation process in a syn-sedimentary
deposit may contribute to large uncertainties. Table 1
displays the heterogeneous ReeOs isotopic features of
Sample 11SHB01, although the ReeOs age is consistent
with that of the strata that host the pyrite deposit. It is
reasonable to infer that the early pyrite grains are a type of
syn-sedimentary deposit (Feng et al., 2009). In addition,
no geological data suggest that a magmatic event was
responsible for the formation of the early pyrite grains.
Regional geological data also show that between the
Neoproterozoic to the Early Triassic, the entire area was a
shallow seaecoastal region where precipitated sedimen-
tary limestone and (or) coal bearing formations were
continually and steadily formed (Fig. 2). Clearly, a for-
mation model for the syn-sedimentary deposit may be
complicated by the numerous potential Os sources for the
deposit.

Fig. 5. Re/Os vs. common Os concentrations (Os concentration at the time of ore formation) (modified after Lambert et al., 1998). Duluth Complex (Ripley et al.,

1999), Sudbury (Walker et al., 1991), and Noril'skeTalnakh (Walker et al., 1994); Archean lithospheric mantle xenoliths from the Kaapvaal and Siberian Cratons

(Walker et al., 1989); mantle melts, which include komatiites (Walker et al., 1988; Foster et al., 1996) and basalts (Martin, 1991; Hauri and Hart, 1993; Snow and

Reisberg, 1995); Lewisian lower crustal gneisses (Frick et al., 1996); metalliferous S-rich sediments (Ravizza and Turekian, 1992); and chondritic mantle

abundances (Walker and Morgan, 1989).
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Fig. 6. Metallogenic model of the Shangbao pyrite deposit (modified after Kemp et al., 2007). (a) The Early Permian pyrite ore was formed by syn-sedimentary

precipitation. (b) Emplacement of granite and mafic dikes in the core of the Shangbao anticline provided an ideal location for the precipitation of late stage pyrite

grains in a skarn environment.
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