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In the continuation of the measurement of meteoritic sulfur isotopic 
compositions, both at the bulk and mineral separate level, two particularly 
interesting features have recently emerged ( 1-4). In the Ureilite ALHA 8 1 101, an 
excess 33s of 0.1 l%was reported (2). The normal fractionation relation for sulfur 
is: 3 3 ~  = $3~-0.50 $ 3 4 ~ ~  based upon analysis of more than 50 meteorites. The error 
associated with the determination of the 3 3 ~  is 0.04 %o. Thus, the observed 3 3 ~  of 
0.11% is statistically resolved from all other meteoritic isotopic measurements. 
More recently, a somewhat larger excess 3% ( 3 3 ~ =  0.17 % ) was observed in a 
nugget of oldhamite separated from the enstatite achondrite, Norton County (1). 
There is other evidence for the existence of larger 33s excesses. A 33s excess of 
more than one per mil was reported nearly two decades ago in an chemical acid 
residue of the Allende meteorite ( S ) ,  though the result has not been duplicated, in 
spite of several attempts. 

Of continuing interest in the sulfur measurements, is the observation of 
possible group isotopic characteristics. The enstatite chondrites, e.g. posses a 
unique isotopic composition (6 34s ranges from -0.4 to -0.2), which is distinct from 
the ordinary chondrites (6 34s ranging from -0.08 to +0.07). In addition, isotopic 
analysis of the aubrites Norton County and Cumberland Falls reveal similar 
isotopic compositions (-0.26 and -0.33 per mil for 6 3 4 ~ ,  respectively). Interestingly, 
this isotopic composition is identical to that of enstatite chondrites, a group 
isotopically distinct from all other classes. The distinction is also true for oxygen 
isotopes (6) the enstatite chondrites and aubrites are identical, but distinct from 
other groups. 

The sulfur isotopic composition of Ureilites is isotopically heavier than most 
meteorites and overlaps the carbonaceous chondrites. The same is also true for the 
isotopes of oxygen (6). Thus, there appears to exist bulk sulfur isotopic systematics, 
similar to oxygen. The Ureilites are known to possess primitive characteristics, 
including the oxygen isotopes, a high abundance of siderophile elements and an 
occurrence of planetary-type noble gases (7). Given these observations, along 
with the previously reported sulfur isotopic compositions of Ureilites, further 
study of their sulfur isotopes is warranted. 

The results of sulfur isotopic measurements of Ureilites to date, including 
the new analysis is given in Table 1. As previously discussed (1-4), the error 
associated with determination of 3 3 ~  is 0.04 per mil. 

Table 1. Sulfur isotopic composition of Ureilites with respect to CDT 

METEORITE 
ALHA 81101 
ALH 82130 
ALH 84136 
PCA 82506 
EET 83225 
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Further Measurmts of Sulfur Isotopes: T h i m  and Jackson 

As Table 1 shows, the 634s of the ureilites overlaps with that observed in 
carbonaceous chondrites. Sulfides are known to be of low abundance in Ureilites 
(7) and variable in occurrence. The bulk sulfur concentration observed in the 
present studies is quite low, less than 0.1 %, by weight. The meteorites ALI-I 82130 
and ALH 841 36 have been suggested as possibly being paired. If this is the case, the 
observed isotopic difference derives from internal heterogeneity, differential 
weathering (moderate rustiness) or, they are not truly paired. The difference in 

~ - 

6s4s is significantly greater than the analytical error. 
Excess 33s is apparent in all samples measured, with the exception of ALH 

82130,33~= 0.03% and is reduced in ALH 84136,33~ = 0.075LThus, it is apparent 
that the Ureilites possess small, but reproducible differences in excess 3 3 ~ ,  
compared to other meteorites (with the exception of an oldhamite separate from 
Norton County and an Allende acid residue). 

It is not clear, at present, what the source of this isotopic component is. 
There is no model predicting pure 33s from a stellar source, though one might 
concoct - - scenarios involving specific shells. Isotopic enrichments in both 33s and 
3% are observed in iron meteorites deriving from cosmic ray spallation of iron. It 
is unlikely that the Ureilite 33s enrichment derives from spallation as 1) the 
target element concentration is too low 2) the exposure ages are too short and 
especially, 3) 36s is normal. As recently reported, there is about an 8-fold excess 
of 36s over 33s in iron meteofites (8). 

Given the position of sulfur on the periodic chart and it's proximity to 
oxygen, a possible chemical production of the anomaly must be considered. It has 
been previously shown by this laboratory that a mass independent chemical 
production of excess 3 3 ~ ,  with respect to both terrestrial standards and the starting 
reactants, is indeed possible (9) In these experiments 36s was not measured. Based 
upon what is known about the chemical production of mass independent isotopic 
fractionations, the requirement would be that a reaction subject to symmetry 
restrictions should occur, such as : S + FeS --> SFeS, or even a sulfur 
polymerization reaction, such as Sx + S --> Sx+l. An anomaly in 3 6 ~  is also 
expected, however, the observed magnitude of the 33s (anomaly -0.10 % ), is small 
and such an enrichment would not be statistically resolvable in 6 3 6 ~ ,  as the errors 
(* 0.15 %) associated with the low abundance 36s (0.017%) measurements are 
slightly too high to detect an anomaly of the expected magnitude. 

It is apparent that the Ureilites possess a distinct 33s excess. Their relative 
pristineness and low sulfur concentrations contribute to it's observation. Most 
meteorites possess high abundances of sulfur, and secondary process may have 
eliminated any pristine component. This may also account for the difficulty in 
reproducing the acid residue anomaly.The source of the anomaly is unknown, and 
could potentially be chemical. Further meteoritic measurements searching for 
greater enrichments and laboratory studies of chemically produced mass 
independent anomalies are clearly needed. 
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