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Rationale. Sulphur is the fifth most abundant element found in meteorites and it occurs in a 
wide variety of chemical forms, including sulphides, sulphates and organic material. Partly due to 
the very restricted isotopic composition of S in bulk meteorites of all types [I] (the standard 
deviation on the range is <0.1%), there have been comparatively few studies of the composition 
of constituent phases, although the studies that have been published have observed small but 
signficant differences between phases [2]. In addition to the restricted isotopic composition, the 
extraction of S for isotopic analysis usually relies on chemical extraction [3] or stepped 
combustion [4] techniques. There are a number of drawbacks to these methods: 1) it is not always 
certain which phases are being sampled; 2) spatial information is lost; and 3) the demands of 
minimum sample size mean that it is virtually impossible to analyse single grains, let alone parts 
of single grains, and thus it is not possible to detect inter-grain variability within one phase. S 
isotopic analysis using the ion microprobe can overcome some of these problems, although the 
precision is poor in comparison with conventional and laser combustion techniques [5]. Here we 
report initial in siru analyses of troilite from ordinary chondrites using an ion microprobe. This 
has enabled us to study inter and intra-grain variations in S isotopic composition. 
Methods. The S isotopic values were obtained with a Cameca irns-4f ion microprobe [6]. A Cs+ 
primary beam focussed to a spot of between 2 5 - 3 0 p  in diameter, although the secondary ion 
optics result in only the central 8p.m being analysed. The S isotope standard Caiion Diablo Troilite 
(CDT) was analysed at the beginning and end of each analytical session in order to measure the 
degree of instrument-induced isotopic fractionation (usually -20 to -25?4m, although this varies 
from session to session), overall reproducibility (usually in the range f 1-1.5Ym (20), occasionally 
better) and to check for drift over the period of an analytical session (-12 hours). None of the 
standard analyses presented here displayed any such drift. The reproducibility is the measure of 
the consistency of the instrument conditions over an analytical session, in particular the alignment 
of the primary beam relative to the secondary ion optics. In any one analytical session the ratio of 
the number of standard analyses to the number of unknowns is always better than 1:2. In addition 
to being used to correct the unknown analyses for instrument-induced fractionation, the 
reproducibility of the measured value of CDT is incorporated in the error for each unknown in 
order to obtain a measure of the accuracy. All errors are quoted at the 20 level. The relatively poor 
precision obtainable using the ion microprobe means that the detection of nucleosynthetic 
anomalies involving the minor isotopes, 3% and 36S, is not likely. 
Results. g4ScDT data have been obtained from troilite grains in six ordinary chondrites, three 
relatively low-shock Antarctic L chondrites (ALH85045 (L3), LEW86024 (L4) and QUE90210 
(L5)) and three H chondrites (Tieschitz (H3), Forest Vale (H4) and Limerick (H5)). The results 
obtained thus far are summarised in Figure 1. 
Discussion. For the purposes of discussion the samples can be divided into three categories: 

1) Those samples (Tieschitz, Forest Vale and ALH85045) whose absolute a34Sm values are 
not sigdicantly different from CDT and that show a range of variation not sigmficantly greater 
than that expected from the reproducibility of the standard. The Forest Vale analyses were 
obtained on troilite both within chondrules and within the matrix. The Tieschitz analyses came 
from troilite on chondrule rims and within the matrix. 
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2) Those samples (Limerick and LEW86024) that show significant differences in absolute 
values of d34Sm, although again the variation within a sample is not significantly greater than 
would be expected given the standard reproducibility. Limerick gave values consistently heavier 
than CDT by an average of approximately +2.5760, and the results from two separate analytical 
sessions are in agreement. In contrast, troilite in LEW86024 is isotopically light, giving an 
average of approximately -2.7%. In both samples troilite was a matrix phase. 

3) The only sample which has a significant variation in troilite a34Scm values greater than that 
observed in the standard analysed concurrently is QUE90210. The 12 standard analyses gave a 
standard deviation of 1.3760, and the standard deviation of the 21 unknown analyses, which were 
all from matrix troilite, was 2.2%. The last 8 analyses (see Figure I), which are displaced to 
lighter isotopic values, were all from a single grain or grain aggregate. At the present scale of 
study there is no indication of within-grain heterogeneities. 

Differences in the S isotopic composition of troilite from that of bulk meteorites could have 
two extreme interpretations: either the variations observed are due to nebular heterogeneity, or that 
the they are due to secondary alteration of the primary S-containing phases. The differences in 
troilite S isotopic composition presented here and in particular the apparent heterogeneities within 
a single section of QUE90210 support a secondary alteration mechanism. If such small-scale, 
within-phase heterogeneities commonly exist in chondrites and they are due to variable secondary 
processes, then it would suggest that similar heterogeneities may exist in coexisting S containing 
phases and that the internal variations between phases, identified using chemical extraction and 
stepped combustion techniques, may locally be larger than has previously been reported. 

Figure 1. Summary of S-isotope data obtained on troilites from ordinary chondrites. Shaded bands 
represent the 20 reproducibility of analyses on the CDT standard. Error bars on the analyses include 
both the error on the sample and the reproducibility on the standard. Grouped analyses were obtained 
from different areas on the same grains or grain aggregates. 
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