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The widespread occurrence of isotopic anomalies in n-rich isotopes of Ca (48Ca), 'Ti (50'Ii) 
and Cr (54Cr) in refractory inclusions and bulk samples of carbonaceous chondrites suggest the 
strong possibility for the presence of isotopic anomalies in 36S in suitable meteoritic phases. 
Unfortunately, sulfur is not expected to be associated with refractory early solar system solids 
and studies of bulk samples as well as of separated troilite and oldhamite from different 
meteorites could not provide definite evidence for sulfur isotopic anomalies in them [I-41. 
The negative result is generally attributed to the dilution of any plausible effect by the more 
abundant sulfur of normal isotopic composition in the analysed samples and points towards 
the need for identifying and analyzing individual sulfur bearing phases that may have formed 
very early in the solar system history. The present study is an attempt in this direction. 

The presence of P-rich sulfide as an accessory phase in carbonaceous xenoliths found in 
the Erevan howardite has been reported recently [5,6]. The presence of P in sulfide phases is 
rather unusual. This as well as the presence of moderately volatile elements in these sulfides 
led Nazarov et a1 [6] to suggest that they are nebular condensate and represent the first sulfide 
phase to form in the solar system. An unique 40x100 pm P-rich sulfide fragment (Fig.1) was 
found within one of the carbonaceous xenolith and has been analysed for its sulfur isotope 
composition. 

Figurel. Reflected light 
photomicrograph of the 
P-rich sulfide phase 
( 4 O X l O O p m ) .  T h e  
analysed areas are also 
marked. 

We have used an ion microprobe (Cameca Ims 40 in the negative secondary mode to carry 
out sulfur isotopic analysis. A low-intensity Cs+ primary beam was used. As the sulfide phases 
are moderately good conductor, we did not face the problem of sample charging generally 
encountered during analysis of insulators in the negative secondary mode. As a precaution, 
we checked the energy distribution of the secondary ions before and after each analysis. The 
measurements were carried out at a mass-resolution (M/AM) of -5000, sufficient to resolve the 
hydride interferences. To improve precision in the measurement of 36S, we conducted several 
analysis using higher primary beam current and excluding 32S from the mass sequence. The 
lack of knowledge regarding absolute isotopic abundance of sulfur [3], made it imperative to 
have an internal standard devoid of sulfur isotopic anomaly. We used Cape York troilite as 
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our internal standard and obtained reference sulfur isotopic ratios using a 34S/32S value of 
0.0450045 [7]. Cape York troilite is known to have normal sulfur isotopic composition [I]. 

Table 1. ISOTOPIC ANALYSIS OF P-RICH SULFIDE 

SPOT No. of F(%/amu) 636 S(%d 
analysis f 26, f 2am f 2am 

A 2' -18.25 f 0.46 -2.36 f 2.01 
2 ' -1 1.84 f 1.53 1.64 f 2.29 

2' -1 0.36 f 1.44 -4.29 f 1.79 
1% -17.76 f 1.94 -2.34 f 3.07 -2.47 f 13.06 

C 2' -15.14 f 0.63 -1.91 f 2.20 
2' -9.28 f 1.73 -7.83 f 2.03 

D 2' -15.81 f 0.78 -0.79 f 2.02 
CapeYork 3' -17.96 st 0.43 

Troilite 2' -12.71 f 1.36 

Isotopes analysed: '(32-34); t(33-36); t(32-36) 

The results obtained from sulfur isotopic studies of the P-rich sulfide are given in Table-1. 
The 5% and 636S values are based on our best estimate for absolute 33S/32S and 36S/32S ratios 
obtained from Cape-York troilite. An exponential mass fractionation law was used for data 
analysis. No detectable isotopic anomaly was found for 33S, in separate runs conducted by 
excluding or including the mass 36. The higher precision 636S values, based on analysis that 
exclude mass 32, provide a hint for a possible negative isotopic anomaly. However, a firm 
conclusion can be drawn only when the reference 36S/32S ratio based on Cape-York data can 
be confirmed by further measurements. The sulfur isotope mass fractionation for the P-rich 
sulfide is marginally different from that of Cape York troilite. This difference could however 
reflect matrix dependent effect and cannot be used to constrain the mode of formation of the 
P-rich sulfide phases. 

The chemical composition of the P-rich sulfide favours a condensation origin, following 
the formation of the refractory CAIs but before forsterite and metal [6]. Although many of the 
small P-rich sulfide grains are heavily altered, the particular fragment analysed by us appears to 
be well preserved and unaltered both from petrographical and chemical consideration, except 
along the cross-cutting veins that were avoided during analysis [5]. Thus, the possibility of 
late-stage isotopic exchange during its residence in the parent body of the carbonaceous xeno- 
lith appears to be unlikely. Our results therefore suggest either the absence of a neutron-rich 
sulfur isotopic component in the solar nebula or mixing or dilution of this component to levels 
below our detection limit by the time of formation of the P-rich sulfide. In fact the present data 
provide a hint for a negative isotopic anomaly in 36S, an observation that needs further scrutiny. 
It may be noted that both positive and negative isotopic anomalies in 48Ca and 501i have been 
found in refractory hibonites from CM chondrites. 
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