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Introduction: Preaolar silicon carbide grains form
in a varietyof types of stars, includingasymptoticgiant
branch red giant stars and supernovae. The dominant
mechanisms of heavy element nuclecsynthesis, the s-
process and r-process, are thought to occur mainly in
AGB stars and supernovae, respectively [1]. We have
previously reported that “mamsmam SiC grains have
strong enrichmentsin the s-process isotopes of Sr, Z
and Mo [24] and initial results for X-type SiC grains
showing enrichments in the r-process isotopes of
Mo[5]. We report here the first measurementsof Zr,
Sr, and Ba isotopes along with expandedstudies of Mo
in individualX-type SiC grains, which have previously
been identified m having formed from supernova
ejects.

Experimental methods: Approximately 2000
. grains of Murchison SiC grain size separate KJG [6]

were dispersed onto a sofi gold mount. 11 X-grains
were identifiedby ion imaging [7] with the Washington
Universityion microprobe, Si, C and N weremeasured
by ion microprobein these grains using a Cs+primary
ion beam+The mount was then chanMterizedby elec-
tron imaging and x-ray mapping with an SEM at the
University of Chicago, identiijdng all grains on the
mount.

The isotopic compositions of Mo and Zr in a num-
ber of grains were measured by laser ablation laser
resonant ionization mass apectrometxy using the
CHARISMAinstrument at &gonne NatiorudLabora-
tory, The analyticalmethods were similar to those used
previously [4]. Ba was measured for the first time in
single SiC grains using 18060.3 cm”land 24798.1cm-’
beams to resonantly ionize the atom
/Sg+’PiO+ionization continuum}. The addition of a
third laser at 21698.5 cm-l aHowed the simultaneous
photoionization and measurement of Sr
(’&.+ ’P)o+ionization continuum) minimizing sample
consumptionand allowing relative concentrationmeas-
urementsto be made.

Rmdti We report here the heavy element iso-
topic compositionsof seven SK grains of type X. In
all of thesegrains the C, N, and S1isotopiccomposi-
tions along with at least one heavy akntent isotopic
compositionhtsvebeen determined. Remarkably, two
of the groinsweresufficientlylarge to allowdetermina-
tion of all four heavyelements (Ba, Mo, Sr, and Z@.
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Mass spectra of a tertmxrialstandard, one of these
remarkableX-grains and a mainstream grain are com-
pared in Fig. 1and 2 for their Sr and Ba isotopiccom-
positions. Unfortunately, in the Ba spectra, a hwe
‘33CS+implantedduring the C, N and Si isotopic meas-
urements, makes ‘~Ba determinationproblematic. It is
immediatdy apparent that significant differencesexist
betweenthe terrestrial mainstreamand x-grainpatterns
for both Ba and Sr. The most significantdifferenceis
the large excesses in %3r and 13%a for the X-grain
relativeeither to kmestrial or to mainstream. Thereare
also incmaseain the p-process isotopes %Jr and ‘32Bs.
WMle these represent very few total counts, they are
the first significantincmaseain p-process isotopes that
we have measured. Unfmunately, over]

%
fkom an

implanted %s’ peak makes analysis of Ba prob-
lernhtic.
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Diseueaion: Zr. Table 1 demonstrates that the X-
Grains measured demonstrate significantenhancement
in % relative to ‘Z (the moatpredominantlys-process
isotope of Zr). The origin of %-enriched isotopic
patterns is not clear. % excesses are to be expected
f~otttthe r-process, but they can also be produced in
the s-process if the neutron density is high enough to
drivethrough the s-processbranchat%% (Tin =65 d).

W. Enrichmentsmeasuredin %r relative to %r (a
pure s-process isotope) is indicative of a neutron den-
sit high enough to drive through the s-proeeaabranch

&at Kr (Tln = 10.73 a).
flu. Enrichments measured in ‘3%a relative to

‘36Ba(a pure s-process isotope) is indicative of a neu-
tron density high enough to drive through the several
s- recess branches above ‘3&s, the most difficuiy is at
J’‘ Cs (TIR = 13,16 d). this interpretation is strength-

ened by depletions in ‘3sBa that demonstrate flow
through‘XCS(TIn = 2.065 a).

Ma Expanded Mo isotopic measurementsof X-.
grains generally demonstrates thm aa determined pre-
viously [5], enrichment relative to %fo (a pure s-
proeessisotope) in ail isotopes that can be produced by
the r-process ~Mo, ‘Mo. %fo and in some cases
‘%0). However, the largest tmrichmentaare meas-
ured for %0 and the enrichmentat ‘%fo is signifi-
cantly smaller if present at ail. For these grains then
the neumondensity was not or only marginally high
enough to drive through the s-proceaabranch at %0
(TIn= 2.75 d).

Conchwion: The X-Grains measuredhere experi-
enced a neutron density higher than prdiced in nor-
malAGB stars, but lower than mightbe expected in the
centerof a typical supernovae.
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Table 1, C, N, Si, Mo, 2s, Sr, and Ba isotopes in SiC
pins of type X in CHRL1O$.
Grain 5’3C ~ls~ 829Si #%i @Mo
113-2 421*IO 3734*2 -223i4 -3786 .l(kt120
113-3 -85ti? 2877i132 -3204 -44&7 -8%119
209-1 -708*1 1 2570s243 -30%5 -565s5 -27M90
10ik2 -542*I5 444M03 -263*7 407k8 -196aI 36

153-8 -765A6 4023*1O6 -355* -585*7 63=18
196-5 -678~19 3881*139 -246& -403&

Grain @?Mo 89%10 &?vlo #’!Mo 8’%VIO

113-2 -1 10A27 331*152 2.53*161 194*130 34i141
113-3 -250*1 18 622~190 507*197 23&141 276d75

209-1 -273*103 832*181 703*182 320M30 -4*125
100-2 -78*16$ 731~41 513a41 298*181 99*187

153-8 -62&25 -65d98 -104i217 5&202 -38til 70

Grain 6% #1~ S% ??%

113-2 -134*192 4!hk382 243=15 451&k144
113-3 -373*125 -9f5&231 -17&26 2223i8S5

196-5 325&28 95*1O 2W12 723*f 334

Grain /lwSr (!mSr 8%r &Ba
113-2 10M56 -146A16 2669s254 -9944122

113-3 4698=363 .M70 191&6% -9914029

Grain 813ZBa 8’3%a 8’3’Ba 813sBa
113.2 7243i5033 495*14O -241 *155 1890x446
113.38029*7272 41 8=25 843473 3808*1O75


