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AN ION MICROPROBE STUDY OF FRACTIONATED SULFUR 
ISOTOPES IN HYDROTHERMAL SULFIDES OF THE KAIDUN 
METEORITE BRECCIA. Harry Y. McSween, ~ r . 1 ,  Lee R. ~iciputi*, and Bruce 
A. ~aterson2, 1 Department of Geological Sciences, University of Tennessee, 
Knoxville, TN 37996, e~hemistry and Analytical Sciences Division, ORNL, Oak 
Ridge, TN 37831. 

The Kaidun breccia contains diverse clasts of enstatite and carbonaceous 
chondrite, identified by their petrography [ I ]  and oxygen isotopic compositions 
[2]. One distinctive lithology, classified as CM1 [3] to reflect its CM parentage 
and highly altered state, contains texturally unusual pyrrhotite needles wrapped 
in sheaths of phyllosilicate, as well as aggregates and crosscutting veins of 
pentlandite. The unique textures and associated alteration minerals 
(serpentine, saponite, melanite garnet, framboidal magnetite) indicate that 
these sulfides formed in a precursor parent body by reactions with hydrothermal 
fluids at temperatures as high as 4500C 131. The alteration conditions recorded 
by these clasts are extreme in comparison to other carbonaceous chondrites, 
and coated, jackstraw pyrrhotites are unknown from other meteorites. Thus, it is 
important to document the reaction products as completely as possible. Here 
we report the results of in situ analyses of sulfur isotopes in Kaidun pyrrhotite 
and pentlandite, obtained using a Cameca ims-4f ion microprobe. 

Our earlier abstract [4] describing an ion probe study of troilite in ordinary 
chondrites, using high mass resolution to separate potential mass interferences, 
reported isotopic homogeneity within the sulfides of each meteorite, but shifts in 
average 63% from the expected value (0 per mil, relative to Canon Diablo 
troilite = CDT) in 2 of 7 analyzed chondrites. The latter effect apparently 
resulted from the inability to mount a standard in the same thin-section as the 
sample. An extreme energy filtering technique [5] appears to be insensitive to 
this particular problem, and new analyses of these same troilites using this 
technique show no significant isotopic deviations. For example, the mean 
834SCD~ values and uncertainties for troilites in the ordinary chondrites Nulles 
and Limerick (8 measurements each) are +0.1 + 0.6 per mil ( lo )  and +0.5 + 0.5 
per mil, respectively. These new measurements are in agreement with previous 
conclusions from gas-source mass spectrometry studies of chemically or 
thermally extracted sulfur [e.g. 6, 71 that the sulfur isotopic composition of troilite 
in ordinary chondrites is virtually indistinguishable from CDT. 

In contrast, ratios of sulfur isotopes in Kaidun sulfides determined using 
extreme energy filtering are highly variable within any one meteorite sample 
and mostly shifted to isotopically light values (Fig. 1). The analyzed grains 
include acicular needles and larger anhedral grains of pyrrhotite, as well as 
aggregates and a vein of pentlandite, measured in four different thin sections. 
Individual pyrrhotite and pentlandite grains appear to be isotopically 
homogeneous, within analytical uncertainty, but different grains in the same 
section have distinct compositions. Coexisting pyrrhotite and pentlandite also 
have different sulfur isotopic compositions. Textural features indicate that 
veined pentlandite formed before pyrrhotite in Kaidun 131, so the differences in 
isotopic composition may reflect distinct conditions of formation. 
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The sulfides in Kaidun carbonaceous chondrite clasts are rather different in 
sulfur isotopic composition from sulfides in other carbonaceous chondrites, 
which are characterized by positive values [8]. In fact, a trend in the 
order of increasingly positive 634s values in sulfides has been observed, with 
CV3 (Allende, Vigarano) < CM2 (Murchison, Mighei) < CI1 (Orgueil), suggesting 
that progressive aqueous alteration has shifted the sulfide isotopic composiltion 
to heavier values [8]. The appearance of isotopically light sulfates in CM2 and 
CI1 meteorites probably accounts for this change in the composition of 
coexisting sulfide. Kaidun sulfides do not follow this trend, possibly because 
the conditions of its alteration precluded the formation of sulfates. 
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Fig. 1: A graphical summary of ion microprobe analyses of sulfur isotopes in 
sulfides of four Kaidun thin sections (error bars are 20, and reflect the 
uncertainties in both unknown and standard analyses; for comparison of 
differences between analyses within a single sample, error bars are 40% 
smaller). Pyrrhotite and pentlandite are identified by squares and circles, 
respectively, and morphologies (grains, needles, and a vein) are distinguished 
by symbol shading. Multiple analyses of different points on the same grain are 
grouped with brackets. 
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