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We report on further meteoritic sulfur isotope ratio measurements. In 
the present work, the bulk measurements are extended to include four new en- 
statite chondrites, Kakangari, ALHA77005 (Shergottite) and Tieschitz (H3), 
troilite inclusions from Tlacotepec (IVB), Santa Clara (IVB), Cape York 
(IIIA) and Grant (IIIB). For all reported measurements, we include 636s 
measurements with 633~, 63%. The present precision and accuracy for g3s, 
634s is - f 0.03Xo, and slightly better than 2 0.2%, for 636s. 

The chemical extraction, conversion to Ag2S and fluorination to SF6 pro- 
cedures follow that described in (1). Final purification by gas chromatogra- 
phy is required for precise 6368 measurements. The procedure described in 
(1) was used. 

For the troilite inclusions from iron meteorites, there is no evidence 
of 'any nuclear anomalies. There is 'a total range in the 634s of the troilite 
inclusions of 2.4%, . The most negative 634s is observed in Gibeon. Troilite 
in Gibeon is known to be extensively shockedwithdispersionof small troilitic 
inclusion around the central nodules (2). The negative values may be the re- 
sult of secondary troilite chemistry arising from shock, since it is known 
that there is evidence for secondary dissolution of the surrounding metal by 
the shocked' troilite (2). Tlacotepec has the heaviest troilite g4s (+I. 21%") 
for the reported iron meteorite troilites. Troilite occurs in Tlacotepec as 
occasional nodules, 1-2cm in diameter, with a dispersion frequency of -1 per 
15cm2 (2). Occasional daubreelite lamellae are observed within the troilite. 
Troilite in Tlacotepec does not exhibit evidence of shock. Kelly and Larimer 
(3) have noted that the IVB meteorites are enriched in refractories and vola- 
tile depleted with most of the elements in the metal phase, implying condensa- 
tion at T - 1270°K. At these temperatures, there may be little differencean- 
ticipated between the reduced partition functions of H2S-FeS, though the 
relevant values have not been determined (4). If this is correct, the value 
6 3 4 ~  . .1.2%, may be reflective of nebular H2S. Future theoretical calcula- 
tions will be important in addressing this issue. 

We report the sulfur isotope ratios of four new enstatite chondrites, 
including 636s measurements. There is no evidence of any nuclear anomalies. 
As reported (I), the enstatite chondrites, with the expanded data base, ap- 
parently have a characteristic 6 3 4 ~  with an average of '.26 f .07X0. It is 
now clear that they are a distinctive group regarding sulfur isotope ratios, 
and future work will focus on the internal isotopic variability which, if it 
exists, may determine the source of this distinction. 

For Kakangari, there is no evidence of a nuclear anomaly. For the chemi- 
cal separation utilized, the HC1-Res. and HC1-sol. procedure separates sulfide 
phases on the general basis of chemical reactivity. It is interesting tonote 
that the 6 3 4 ~  is nearly identical (0.042, difference). The isotopic similari- 
ty suggests a high temperature equilibration to produce the observed isotopic 
homogenization. Brearley (5) has suggested that the matrix mineralogy of 
Kakangari derives from a high temperature annealing C>lOOO°C) which is con- 
sistent with what we observe. The sulfur isotopic measurements also suggest 
modestly rapid cooling to avoid an observable fractionation between sulfide 
phases at lower temperatures. It has been suggested that the observed tex- 
ture and morphology are not consistent with slow cooling (5). 

The results from ALHA77005 are.interesting. The acid soluble phase,pre- 
sumably troilite, has a 634s = -0.17%, , and the acid residue phase, d 4 ~  = +3.30%,. 
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Previous determinations of sulfur chemistry in ALHA77005 have been re- 
ported (6). It was suggested that there are two major sulfur components 
present in ALHA77005: approximately 715ppm troilite (temperature release at 
400-600°C) and gypsum, which is released at higher temperatures. The present 
results are also consistent with two sulfur components. If the conclusions 
of (6) are accepted, the ~ ~ l - ~ e s . *  (presumably the sulfur released by HF etch- 
ing of glass components) corresponds to the high temperature release com- 
ponent, suggested to be gypsum. If this is correct, the sulfate is not de- 
rived from weathering of sulfides (63% '0.17%,), since it is knwon that 
sulfide weathering produces sulfates isotopically lighter than the precursor 
sulfides (4), which is inconsistent with present results. Alternatively, 
since the method employed by (6) is not an exact mineral identification, the 
high temperature (HC1-Res . *) component may correspond to a non-sulfate spe- 
cies. Higher resolved phase separation will be done in the future. 

Finally, Tieschitz (H3) has a bulk value identical to ~a%on Diable troi- 
lite. There is no evidence, at the bulk level, for nuclear anomalies. 
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Table 1: Sulfur isotopic composition of meteoritic samples 
with respect of Canon Diabla Troilite. 

Meteorite 6 3 3 ~  6 3% 6 3 6 ~  Phase 

Santa Rosa (Anom.) 0.06 0.09 - 0.1 
St. Genevieve IIIF 0.10 0.24 0.2 
Sacramenta Mount. IIIA 0.26 0.39 0.3 
Cape York I I U  - 0.01 -0.01 - 0.2 
Grant IIIB 0.20 0.39 0.4 
Gibeon IVA - 0.58 -1.20 - 2.5 
Tlacotepec IVB 0.61 1.21 2.1 
Santa Clara IVB 0.15 0.36 0.7 
Qing Zhen E3 - 0.09 -0.20 - 0.4 
St. Sauveur E4 - 0.13 -0.26 - 0.6 
Khairpur E6 - 0.14 -0.29 - 0.5 
Pillistifer - 0.15 -0.27 - 0.6 
Kakangari Type 3 0.05 0.07 0.1 

0.06 0.11 0.3 
ALHA77005 - 0.07 -0.17 - 0.3 
(Shergotty) 1.65 3.30 6.2 
Tieschitz H3 0.01 -0.01 - 0.1 

HC1 soluble sulfide 

HC1-Res was reacted with Br2-HC1 to convert 
to sulfate. Sulfate to Ag2s conversion is 
described in (1). 

Was treated with HF-HN03. Since the sample 
is small, -0.13mg sulfur, th,e standard de- 
viation for 6 3 3 ~ ,  6 3 4 ~  is t 0.2%,, 0.82, for 
6 3 6 ~ ,  respectively. 
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