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Titanium isotopic patterns of presolar S i c  grains from Murchison change with grain size; 
650Ti1646~i and 650Ti16~~Ti  ratios decrease with increasing grain size. This trend can be 
interpreted by assuming that S i c  grains with different sizes come from AGB stars with different 
metallicities; coarser S i c  grains formed in AGB stars of lower metallicity. 

Size-separated S ic  fractions extracted from the Murchison meteorite [ I]  have been analyzed 
for noble gases [2, 31, Ba [4, 51, and Sr [6] isotopic compositions. Since Kr and Xe in these 
fractions are strongly enriched in the s-process isotopes, Lewis et al. [2, 31 concluded that SIC 
grains originated from thermally pulsing AGB (Asymptotic Giant Branch) stars, where the s- 

rocess occurs. Krypton isotopic ratios vary with grain size; the 8 6 ~ r / 8 2 ~ r  ratio increases and the 
!0Kr/82Kr ratio decreases with increasing grain size. In the s-process, these two isotopic ratios 
strongly depend on the neutron exposure, which in AGB models depends on the metallicity of the 
star. Gallino et al. [7] proposed that the grain-size dependence of the Kr isotopic ratios can be 
explained by assuming that coarser S i c  grains come from stars with higher neutron exposure 
(lower metallicity) than finer grains. Barium and Sr isotopic ratios also show a grain-size 
dependence. However, contrary to Kr, the neutron exposure nessesary to explain the data for Ba 
and Sr decreases with grain size [4, 5, 6, 81. 

We have measured Ca and Ti isotopic ratios of bulk samples (=aggregates) from the same 
suite of size-separated S i c  fractions extracted from Murchison (see Table 1 for their sizes). 
Carbon-, N-, Si- and inferred A1 isotopic ratios have previously been measured by Arnai-i et al. [9]. 
It should be noted that in bulk measurements the presence of other minerals can significantly affect 
the measured isotopic ratios. The coarser fractions (KJF and KJG) contain more oxide grains such 
as corundum and especially hibonite, which is a Ca- and Ti-rich mineral [I]. Since most of them 
are of solar-system origin with solar isotopic compositions, they dilute isotopic anomalies, if any, 
in the Sic .  The results of our isotopic analyses, made with an ion microprobe, are summarized in 
Table 1. We also list averaged ratios of individual grains from separate KJH [lo]. 

Isotopic measurements of individual S i c  grains [10] show that most S i c  grains 
("mainstream" grains, which are 94% of all S i c  grains) originated from thermally pulsing AGB 
stars. In these stars, He-shell material is repeatedly dredged up to the envelope, where SIC grains 
formed. Separates KJA-KJD have excesses in 4 2 ~ a  and 4 3 ~ a ,  showing the signature of neutron 
capture in the He-shell. For the coarser fractions (KJE and KJF), such excesses are not so 
obvious, presumably because of the presence of hibonite grains. All fractions except KJD show 
4 4 ~ a  excesses. If neutron capture reactions are responsible for 4 4 ~ a  excesses, they are expected to 
be much smaller than those of 4 2 ~ a  and 4 3 ~ a  (Gallino et al., pers. c o n ~ n ~ ) ,  contrary to the 
observations. The 4 4 ~ a  excesses must therefore be due to another reaction. A few S i c  Idins of 
type X, which comprise 1 6  of all S i c  grains, show & ~ a  excesses due to the decay of [ l l ,  
12, 131, with 6 4 4 ~ a / 4 0 ~ a  values ranging up to 19000%0. Thus, the 44Ca excesses in the bulk 
fractions are most likely due to the presence of S i c  type X, as pointed out by Amari et a1 [9] for 
separate KJB. Because errors are rather large, it is not clear whether there is any correlation 
between grain size and the Ca isotopic ratios. 

All fractions have Ti isotopic anomalies, showing V-shape patterns with excesses in all Ti 
isotopes relative to 4 8 ~ i .  6 4 6 ~ i / 4 8 ~ i  values range from 30 to 50% and 6 4 7 ~ i / 4 8 ~ i  from 0 to 20'roc. 
6 4 Y ~ i / 4 8 ~ i  values increase with grain size from 30 to 100%0, while 65@13/48~i values decrease with 
grain size from 200 to 1005'60. The 4 9 ~ i  and 5 0 ~ i  excesses are significantly lower in KJG than in 
the other fractions. This must be due to the presence of hibonite grains in this fraction; imaging in 
4 0 ~ a +  and 4 8 ~ i +  showed hot spots in KJG aggregates. To examine how the Ti isotopic patterns 
change with grain size, we calculated the ratios of 650Ti/F46Ti and 6 5 0 ~ i / 6 4 9 ~ i  for each fraction 
(Tablel); both ratios decrease with increasing grain size. 
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First we have to check whether there is any significant contribution from Sic  type X to the 
different Ti isotopes, especially to 49Ti, since many type X grains have 4 9 ~ i  excesses of up to 
1000%00 [l  1, 131. S ic  grains X comprise 1% of all Sic  grains and this abundance is approximately 
constant for the separates KJD to KJG [lo, 14, 151. The average 649Ti/48Ti value of type X grains 
is less than 5000/00, which makes their contribution to the average 6 4 9 ~ i / 4 8 ~ i  value less than 5%0. 
We therefore conclude that the contribution from Sic  type X is negligible and that the grain-size 
effect is an intrinsic property of mainstream Sic. 

As previously mentioned, mainstream S ic  grains formed in the envelope of AGB stars, 
enriched in He-shell material by repeated dredge-ups. Thus, the Ti of S ic  grains is a mixture of Ti 
from the He-shell and that in the envelope of the original star. In the He-shell, Ti isotopes are 
modified by neutron capture. Their ratios depend on the neutron exposure, which in turn is a 
function of metallicity [16]. Calculations by Gallino et al. [16] have shown that Zj46~i148~i and 
64?i/48~i values in the He-shell increase slowly with neutron exposure (or decrease slowly with 
metallicity), while 65()Tif48~i values increase. 

The original Ti isotopic compositions in the envelope, on the other hand, are the result of 
galactic chemical evolution; this means that stars with different metallicities have different isotopic 
compositions. Gallino et al. [16] evaluated the original Ti isotopic ratios in stars of different 
matallicity from the correlation between Si and Ti isotopic ratios in individual S i c  grains from the 
Murchison separate KJH [lo]. They estimated that 650Ti148Ti increases and 6 4 6 ~ i / 4 8 ~ i  and 
tj49Ti148~i decrease with increasing metallicity. If we mix material from the He-shell with the 
envelope in a ratio of 1:50 or 1:100, the Ti isotopic ratios of the S i c  fractions measured in the 
present work can qualitatively be explained by assuming that grains originated from stars with 
different metallicities, with the coarser fractions coming from stars of lower metallicity. This is the 
same trend as that determined from the Kr isotopic ratios. As shown from the observation and 
calculation of trace elements in S ic  grains [17, 181, most Ti goes into S i c  during its condensation 
in stellar atmospheres. Titanium abundances in carbon stars are essentially solar [e. g., 191, while 
Ba and Sr abundances can range up to lOOx solar [e. g., 201. Thus it is possible that Ti and Ba in 
Sic  represent different stellar populations. 
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Table 1. Ca and Ti isotopic ratios of size-separated Sic fractions from Murchison 

SmIpk Size (w) 6 4 2 ~ a  (%) ?j43ca (.A) 644ca  (%) 6 4 6 ~ i  (%) 647Ti (.A) 6491 (%,) 650Ti (%,) 6501646 6501649 
KJA 0.38 9.832.5 44.91- 6.0 45.8+ 5.2 33.W2.6 10.7k3.5 3 5 . a  4.1 n.m. - - 
KJB' 0.49 26.M6.8 41.5f 6.6 38.81- 8.5 30.6k2.8 1.71-1.5 55.0f 2.7 197.b6.7 6.4 3.6 
KJC 0.67 34.28.3 49 +17 56 f l l  41.01-1.5 12.8k1.3 49.82 1.6 187.%8.3 4.6 3.8 
KJD 0.81 43.98.7 70 k25 9 +lo 40.6f2.2 12.932.7 56.11- 3.0 189.1+9.0 4.7 3.4 
KJE 1.14 12.M5.8 1 1-12 23.8f 5.4 51.3t3.3 15.8fl.2 61.11- 2.7 174.1f 5.9 3.4 2.9 
KJF 1.86 6 .4S. l  10.7+ 4.4 6.W 2.4 42.6f2.3 15.11-1.4 52.3f 2.4 146.a6.3 3.4 2.8 
KJG 3.02 n.m. n.rn. n.m. 30.4k2.1 12.f31.2 34.9, 3.1 68.0k5.0 2.2 2.0 
KJH" 4.57 n.m. n.m. n.m. 48.5B.5 13.9-15.7 92 +I0 127 390 2.7 1.4 
n.m. = not measured 
' measured by T. Ireland at The Australian National University (pers. comm.) 
" an average of 22 individual grains 
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