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Introduction: Although most presolar silicon car-
bide grains form in asymptotic giant branch red giant
stars (the so-called mainstream grains) or supernovae
(the X-grains), there are a number of other minor types
of grains whose origin is less clear. The dominant
mechanisms of heavy element nucleosynthesis, the s-
process and r-process, are thought to occur meinly in
AGB stars and supernovae, respectively [1], and the
isotopic patterns in heavy elements in presolar grains
can be used to constrain their origing. We have previ-
ously reported that mainstream SiC grains have strong
enrichments in the s-process isotopes of St, Zr and Mo
{2-5] and that X-grains have an unusual Mo isotopic
composition that differs from s- and 7process expecta-
tions {6,7]. We report here the ficst measurements of Zr
and Mo isotopes in several grains of other rare rypes

, that were found in the same mount as the mainstream

and X-grains reported previously.

Experimental methods: Approximately 1400
grains of Murchison SiC grain size separate KIG (8]
were dispersed onto a soft gold mount. A search for X-
grains was made by ion imaging {9] with the Washing-
ton University ion microprobe. In addition to the X-

ins, three B-grains, one Z-grain and a unique *Si,

OGi-rich grain were identified [10]. The isotopic com-

positions of Si, C and N were measured by ion micro-
probe in these grains (Table 1), The isotopic composi-
tions of Zr and Mo in a number of graing were meas-
ured by laser ablation laser resopant ionization mass
spectrometry using the CHARISMA instrument at Ar-
gonne National Laboratory. The analytical methods
were similar to those used previously [3].

Tabie 1. C, N and Si isotopes in unusual SiC grains in
) CHRL 108.

Grain Type “C/°C  M“N/SN  8%si . 8%i

612 B 44200 308220 15626 100x11
289-1 B 35200 423x58 -9=x11 4z14
342-1 B 9.0s£0.1 1364£175 62xi1 23212
170-1 Z  76.2x1.6 24312426 -125x13 363+20
146-1 unique 844£34 213221 2678+2]1 3287143

B-graing: We measured Mo isotopes in three B-
grains and Zr in two of them (Fig. 1). All three B-
grains have Mo isotopic compositions near normal, but
the two Zr patterns show large *Zr excesses. In a study
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of B-grains reported at this conference, Amari et al.
[11] pointed out that J stars, a likely source of the
grains, do not have excesses in s-process elements in
their stellar envelopes. The lack of an s-process Mo
signature is consistent with this origin, but the Zr signa-
ture is puzzling. The origin of **Zr-enriched isotopic
patterns is not clear, excesses are to be expected
from the r-process, but they can also be produced in
the s-process if the neutron density is high enough to
drive through the s-process branch at *Zr (T, = 65 d).
In addition, our parallel studies on Zr and Mo isotopes
in X-grains {6,7,12] have shown unusual Mo isotopic
patterns that are not due to the s- or r-processes and are
accompanied by *Zr excesses. These X-grain Mo and
Zr patterns most likely result from the neutron burst
that occurs as a result of a Type II supernovae explo-
sion. It is clear, however, that the B-grains do not have
a normal s-process Zr isotopic signature, which is char-
acterized by *2r depletions [2).
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Fig. 1. Zr and Mbo isotopes in Type B presolar SiC
grains. Unceruinties are £20. '
Z-grain: We identified one Type Z grain during
our, search of the CHRL108 mount and have analyzed
it for Mo isotopes. Type Z grains have large excesses
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of ¥8i/%si, but not ®Si/®*si, relative to the solar sys-
tem and Hoppe et al. [13] have suggested that these
grains formed in low-mass, low-metallicity AGB stars
that experienced strong cool-bottom burning. Such
stars are expected to have an s-process signature in
their envelopes and the Mo isotopic composition of our
single Z-grain (Fig. 2) is consistent with this idea. The
Z-grain has Mo isotope pattern that looks very much
like those mainstream graing with a large s-process
component. In mainstream grains, 5*Mo, Mo and
5'“Mo are all the same, whereas in the Z-grain, 5§'“Mo
is somewhat lower than 8*Mo and 5™Mo. This sug-
gests that the grain may have come from a star with a

different ratio of r- to p-process isotopes.
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Fig. 2. Zr and Mo isotopes in a Type Z and a unique
presolar SiC grain. Uncertainties are £20.

Unique grain: During our search of the CHRL108
mount, one grain of a type not seen before was found
{10]. This grain had spectacular ®Si/*Si and *Si/si

_ratio, 3.7 and 4.3 times solar, and isotopically light
2¢/3C and slightly heavy "“N/**N ratios (Table 1). An
origin in a Type II supernova or a Wolf-Rayet star was
suggested [10]. The count rates for Zr and Mo in this
grain were quite low, so for many isotopes ratios are
solar within error. The only significant anomalies
found were ~depletions in M2r, PMo Mo,
Mo Mo and '™Mo/Mo and an enrichment in
"Mo*Mo. The Mo isotopic pattern bears some re-
semblance to an s-process pattern in that it has negative
§™Mo, 5*Mo and 8'™Mo, but differs in that §”Mo,
8"Mo and §*Mo are normal or slightly positive. The
fact that the Zr and Mo isotopic patterns of the unique

grain do not match those seen in X-grains suggests that
the unique grain may not have a supernova origin. A
Wolf-Rayet star was suggested as a source for the
grain, because neutron capture in these stars can pro-
duce large enrichments in Si and *°Si. In fact this
process is so effective that mixing with isotopically
more normal material, perhaps in a binary system, was
invoked to explain the silicon isotopic composition of
the grain [10]. The lack of a significant neutron capture
signature in the Zr and Mo isotopic paiterns is there-
fore curious, unless the levels of Zr and Mo from the
isotopically normal companion overwhelm the anoma-
lies produced in the Wolf-Rayet star.
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