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CONTINUED STUDIES OF INTERSTELLAR SIC GRAINS OF TYPE X; L. Nittler, S. 
Amari, K. Kehm, R. Walker, and E. Zinner, McDonnell Center for the Space Sciences and Dept. 
of Physics, Washington University, St. Louis, MO 63130-4899, USA. R. Lewis, Enrico Fermi 
Institute, University of Chicago, 5630 Ellis Ave., Chicago, IL 60637-1433, USA. 

Previous studies have demonstrated the usefulness of quantitative isotopic imaging in the 
ion microprobe for efficiently locating rare presolar dust grains in meteorites [I-51. To better 
characterize rare subsets of interstellar S ic  grains, we have continued ion imaging searches in 
separates of the Murchison carbonaceous chondrite. Silicon isotopic mapping of 2750 S i c  grains 
from Murchison separate KJG (average size 3pm) revealed 22 new members of the rare ( g  1%) 
sub-class of Sic,  known as grains X [6]. We analyzed these by SIMS for their Si, C, and N 
isotopic compositions, and fourteen grains by laser gas extraction for their He, Ne, Ar, Kr and Xe 
compositions. None carry noble gases above detection limits. The 75-odd Murchison X grains 
found to date [2,5-61 have C, N, Si, Al, Ca, and Ti isotopic ratios qualitatively consistent with a 
type I1 supernova origin, although mixing of different nuclear burning zones must have occurred 
and several puzzles remain. There appear to be at least four distinct sub-groups of the X grains, 
based on their silicon isotopic compositions. 

Of 2750 imaged KJG S i c  grains, twenty-two showed high 2 8 ~ i 1 3 0 ~ i  ratios, characteristic of 
X grains. High-mass-resolution analyses of C, N, and Si isotopic ratios in the grains confirmed 
excesses of 15N and 28Si and a wide range of C-isotopic ratios (Figures), as previously observed in 
X grains [2,6]. Subsequent laser gas extraction analysis of fourteen of the grains found none with 
detectable noble gases. Previous noble gas studiei of individual interstellar S ic  grains have shown 
that only a small fraction (-5%) are gas-rich [7]. The lack of gas-rich grains in the current sample 
may be due to the small number of grains or to extensive sputtering in the ion probe prior to noble 
gas measurements. On the other hand, X grains may be fundamentally different with respect to 
noble gases, as they are with respect to their other elements. Additional noble gas measurements 
on a larger sample of X grains are planned. 

The silicon isotopic compositions of 34 KJG and two KJH X grains [2,6] are shown in Figure 
1. All of the grains are highly enriched in 28Si, relative to the solar system. Most of the grains lie 
above a mixing line of slope 1 between pure 28Si and solar system Si, and have been labeled X-A 
[ 5 ] .  The best-fit line to these grains has a slope of 0.69k .03 and passes through the origin, although 
there is considerable scatter about this line. A few grains lie on or near the slope 1 line and represent 
the sub-population X-B [5]. One KJG grain (245-4) lies well below the others and represents a 
new sub-type, X-D (X-C also has only one member, which lies above the other data [5]). All of 
the KJG and KJH X grains have isotopically heavy N: 14~ /15N = 13-181 (Solar ratio=272) (Figure 
2), and typically have higher N contents than "mainstream" Sic. Carbon in these X grains, on the 
other hand, ranges from very heavy to very light (18 c 12C/13C < 2500), relative to the solar ratio 
of 89 (Figure 2). Previous measurements have revealed extremely high 26Al/27Al ratios (0.1 - 0.6) 
in all of the nine X grains where Al-Mg measurements were possible, as well as enrichments in 
49Ti in four grains and 44Ca in one grain [2,6]. 

Type LI supernovae (SN) have been proposed as the most likely stellar sources for X grains [6], 
and they can explain, in principle, most of the isotopic signatures found in these grains, provided 
different zones within the pre-supernova star are selectively mixed during the explosion. Zinner 
et a1.[8] have explored mixing in supernova models of different masses, and have successfully 
reproduced the isotopic compositions of a class of interstellar graphite grains. Although their results 
provide strong evidence for extensive mixing in supernova ejecta, there are some serious problems 
to quantitatively account for the isotopic compositions of S ic  X grains by the same scheme. The 
low 1 4 N / 1 5 ~  ratios and high 12C/13C ratios seen in most X grains point to a contribution from 
the He-burning region of the pre-SN star, whereas high 26Al127Al ratios and low 12C/13C ratios 
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indicate a significant contribution from the overlaying zone, where H-burning by the CNO cycle 
has occurred. But this zone has much more nitrogen than the partially He-burnt zone, and this N is 
essentially pure 14N, making it difficult to reconcile 26A1 and 13C excesses with the excesses 
characteristic of all X grains, and to explain the high N contents of the grains. The silicon isotopic 
compositions of X grains can be explained qualitatively by invoking mixing of material from the 
inner 0- and Ne-burning zones of the star, which produce essentially pure 28Si, with the outer 
H- and He-burning regions. Ca and Ti anomalies in X grains also point to a contribution from 
these inner zones [6,9]. However, problems arise when attempting to quantitatively reproduce the 
observed silicon isotopic ratios. In particular, the enrichment of 29Si relative to 30Si in grains X-A 
is not predicted in regions with appreciable amounts of 28Si [lo]. 

Ion imaging provides an efficient method for identifying relatively large numbers of the rare 
class of interstellar dust, S i c  grains X. Together with low density graphite grains [8-91, and 
perhaps the recently discovered nitrides [I 1- 121, these interesting grains are sensitive probes of the 
complicated physics of exploding stars. Further isotopic measurements on these grains, particularly 
of trace elements such as noble gases, Ca and Ti, will likely provide ever more stringent constraints 
on models of supernovae and on the number of such stars which contributed material to the solar 
nebula. 
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