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Presolar SiC grains can be classified into
different populations. The majority of grains
(about 94%) are mainstream grains, other minor
populations such as grains A, B, X, Y, and Z,
comprise the rest [1]. Here we report the
discovery of a SiC grain with highly unusual
isotopic compositions, which does not fit into
any of the above populations.

Silicon carbide grains of the KJG fraction
(with an average size of 3mm) extracted from
the Murchison meteorite [2] were dispersed
onto and pressed into a gold foil. In a survey of
SiC grains for future CHARISMA studies,
approximately 1400 SiC grains were mapped
by low-mass-resolution ion imaging in the ion
microprobe to locate grains with highly
anomalous 30Si/28Si ratios. Such grains were
subsequently analyzed for their C-, N-, and Si-
isotopic ratios at high mass resolution.

Grain KJGP1-146-1 on mount CHRL 108
has an unusually anomalous Si-isotopic
composition. Its d29Si and d30Si values are
2678±21ä and 3287±43ä, respectively, the
highest excesses in the neutron-rich Si isotopes
ever measured in a presolar grain (Fig. 1). The
grain has  isotopically light C (12C/13C=
844±34) and slightly heavy N (14N/15N=
213±21). It should be noted that several
thousand presolar SiC grains have been mapped
during the search for X grains [3], yet this is the
first identification of a grain with such an
extreme 30Si excess, indicating that grains of
this type are extremely rare.

What stellar source would produce a grain
with these isotopic characteristics? Spectro-
scopic evidence indicates that AGB (Asymptotic
Giant Branch) stars produce SiC (see the
references in Hoppe et al. [1]). In fact, AGB
stars have been identified as stellar sources of
mainstream SiC grains [1], since the isotopic
characteristics of these grains (isotopically
heavy C, light N and modest excesses in 29Si
and 30Si) can, in general, be successfully
explained within the framework of AGB-star
models. In AGB stars, neutron-capture  in the
He-shell produces large enrichments in 29Si and
30Si. However, when He-shell material is
dredged up into the massive H-rich envelope
during the thermally pulsing stage, the
anomalous Si is diluted by the isotopically
almost normal Si in the envelope so that
predicted 29,30Si excesses are generally only a
few percent. Thus, it is highly unlikely that the

large 29Si and 30Si excesses observed in grain
KJGP1-146-1 can be achieved in the envelope,
where SiC grains condense.

Most novae produce dust (e.g., references in
Starrfield et al. [5]). Gehrz et al. [6] proposed
SiC formation in nova Aquilae 1982 in order to
explain the 10mm emission feature in its IR
spectrum. Si-isotopic ratios in nova ejecta are
predicted to vary depending on conditions,
although in many cases 30Si is highly enriched
(´6 solar 30Si/28Si), whereas 29Si/28Si ratios are
close to solar [5]. A common feature of nova
ejecta are very low 12C/13C ratios (0.5-2.5), in
contrast to the ratio measured in the grain,
eliminating a nova origin for grain KJGP1-146-
1.

Type II supernovae have been proposed as
stellar sources of SiC X grains (1% of the total
meteoritic SiC) and low-density graphite grains
[3, 4, 7-9]. All  X grains and many graphite
grains show 28Si excesses. Since the condition
C/O >1, required for grain formation, is only
realized in the outer zones and 28Si is produced
in the innermost zone, the 28Si excesses in the
grains indicate that supernova ejecta experience
extensive mixing [9]. A different mix might
have produced this grain. Neutron-capture
occurs in the C-rich He/C and C/O zones
(following the terminology coined by Meyer et
al. [10]) and the O-rich zones. In the He/C zone
excesses in the neutron-rich Si isotopes are too
small (200-300ä in the 15MO model of [11])
to account for the excesses in our grain. In the
C/O zone, excesses in 29Si and 30Si are much
higher (d29Si=4,800 and d30Si=10,000ä in the
15MO model). Since both the He/C and C/O
zones are highly enriched in 12C, and 15N is
produced at the bottom of the He/C zone by
explosive nucleosynthesis, high 12C/13C and low
14N/15N ratios can be qualitatively reproduced
by the mixing of these 2 zones with the He/N
zone. However, the d29Si/d30Si ratio of the mix
is much lower than the observed value in the
grain. This problem of underproduction of 29Si
in supernova models has previously been
pointed out [9] and seems to be a deficiency of
the models.

A Wolf-Rayet (WR) star origin is another
possibility. These massive stars (>25MO) with
high mass-loss rates lose the envelope at the
onset of core He-burning. The He-burning
products are exposed at the surface and
removed in stellar winds, with extremely high
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12C/13C ratios (C is essentially 12C) and low N
content and low 14N/15N ratios (1 to 100 in a
85MO model with solar metallicity [12]).
Excesses in the neutron-rich Si isotopes by
neutron capture at the end of core He-burning
are expected to be very large; calculated values
are d29Si=6,200ä and d30Si=15,000ä [13].
Similar to the case of Type II SN models, 29Si is
deficient relative to 30Si compared to Si in the
grain. Besides the problem of relative under-
production of 29Si in the WR star, predicted
anomalies are too high to explain the ratios of
the grain, suggesting that some kind of dilution
process has to occur before grain formation, if
the grain formed in the outflow from a Wolf-
Rayet star.

In order to explain the relative number of
intermediate WN/WC stars in the galaxy, Langer
[14] proposed that during the transition from
the WN to the WC phase a mix of H- and He-
burned matter forms above the He-burning
core. However, according to his model, even
though 12C/13C increases significantly at the
surface, 14N is still abundant and it is not likely
that both the C- and N-isotopic ratios agree with
the observed values. Furthermore, at the onset
of He-burning, Si is not predicted to show
significant enrichments in 29Si and 30Si.

A more probable source is to be found in
binary systems. It has been known that a
significant number of Wolf-Rayet stars are
binaries. Collision of winds in WR and O star
binary systems has been observed. Williams et
al. [15] studied HD1933793 (WR140), a binary
system of a WC7 and a O4-5 star, in the radio,
infrared, and X-ray regions. They modeled the

composition of the WR wind to explain the
observed X-ray spectra and concluded that the
wind's CNO content is intermediate between the
solar system value and that predicted by models
of evolved massive stars. These authors also
interpreted the infrared observations in terms of
the formation of amorphous carbon in the wind
of the WC star and subsequent cooling of the
dust. Thus, it is not unreasonable to assume that
SiC grains form in such an environment.

We conclude that a Wolf-Rayet and O star
binary, or possibly a Type II supernova  is the
most probable source of this grain.
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