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As part of our ongoing efforts to enumerate the compositions and stellar sources of presolar oxide 
grains in meteorites, we used ion-imaging to locate forty new circumstellar grains in a residue of 
the Tieschitz (H3.6) meteorite. We located an additional 8 presolar grains by direct high-mass-resolution 
measurements in the ion microprobe, including several that would have been missed by isotopic ratio 
ion-imaging. Most of the grains have 0-isotopic compositions and inferred initial 2 6 ~ 1 1 2 7 ~ 1  ratios that lie 
within previously observed ranges, and are reasonably well explained by models of nucleosynthesis in red 
giant stars. One grain has an 160/170 ratio of 71, much lower than any previously observed, and also lower 
than current theoretical predictions for stellar nucleosynthesis. Although the total number of presolar oxide 
grains identified in meteorites is approaching one hundred (out of some 5 x  lo4 measured grains), none have 
the extreme excesses in 1 6 0  needed to explain the 0-isotopic compositions of CAIs. 

Presolar oxide grains are more difficult to locate than either presolar S i c  or graphite grains due to the 
high background of isotopically normal 0-rich material in meteorites. Nevertheless, four presolar A1203 
grains have been previously located by individual ion probe measurements [I ,2] and 38 have been previously 
located by ion-imaging of '60/180 ratios [3,4]. To improve the statistics on these rare grains and to search 
for possible, as-yet-undiscovered sub-types, we imaged an additional mount of our Tieschitz separate, T8 
[3]. We identified forty new circumstellar A1203 grains, and analyzed them at high-mass-resolution for 0 
(39 grains), Mg-Al(24), and Ti isotopes (5). 

Previous work [1,2] has shown that some presolar oxides have 0 with highly anomalous 160/170 ratios, 
but solar '60/180, and would thus be missed by our ion mapping technique, which locates grains with 
unusual 160/'80 ratios. To address this issue, we imaged a Tieschitz sample mount in 1 6 0 -  and 2 7 ~ 1 ~ -  
and used image processing to determine the ion probe stage coordinates of individual Al-rich oxide grains. 
With the list of grain coordinates, we were able to perform relatively quick, albeit low precision, '60/ '70 
and 160/180 measurements on large numbers of grains. Using this technique, we identified eight A1203 
grains with isotopically highly anomalous 0 ,  out of about 400 measured grains. Of these, about half have 
large 170 enrichments, but 160/180 ratios close enough to normal to be missed by ion imaging of this ratio. 
Thus, our automatic '60/180 mapping technique misses a significant, but not overwhelming, number of 
presolar oxides. We note, however, that the grains that are missed belong to the best-understood class of 
presolar oxides (see below). 

Figure 1 shows the 0-isotopic ratios and 2 6 ~ 1 1 2 7 ~ 1  ratios (inferred from 2 6 ~ g  excesses) of the 90 
circumstellar oxide grains found to date [l-41. No titanium isotopic anomalies were found in the five 
grains for which this element was measured, but errors were large due to small grain sizes and low Ti 
concentrations. Most of the new grains have compositions that fall into previously observed ranges, 
although the four groups we originally distinguished have merged somewhat. Some general trends are still 
apparent in the data, however, based primarily on differences in the 160/180 ratio. A majority of the grains 
(Groups 1 and 3 in the notation of [3,4]) have 1 6 0 / 1 8 0 ~  400 - 1000 and slightly depleted to highly enriched 
1 7 0  (160/170= 350 - 5000). These grains probably formed in low or intermediate mass red giant stars 
that have mixed the products of H-burning into their convective envelopes (first and second dredge-up). 
As has been previously discussed [1,3-51, the range in '60/180 of these grains most likely reflects different 
initial compositions of stellar sources, while the range in 160/ '70 reflects both different masses and initial 
compositions. Most of these grains have 2 6 ~ g  excesses from the in situ decay of 2 6 ~ 1 ,  but some do not 
(Figure lb). Theoretical models predict that 2 6 ~ 1  is present at the surface of red giants only when they reach 
the thermally pulsing AGB phase and undergo the third dredge-up andlor hot-bottom-burning [7,8]. The 
grains with 2 6 ~ g  excesses thus likely originate in AGB stars, while those without it formed before the AGB 
phase. Many of the grains have moderate to extreme ''0 depletions (160/180> 1000), 1 7 0  enrichments, 
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and high inferred 2 6 ~ ~ 2 7 ~ 1  ratios (Group 2 of [3]). Some of these grains may have formed in hot-bottom- 
burning AGB stars [8]. However, recent theoretical studies show that most have 0-isotopic compositions 
that are inconsistent with standard models of stellar evolution and nucleosynthesis in red giants [8,9], and 
suggest that the 1 8 0  depletions in these grains are due to extra non-convective mixing in low mass red 
giants (<2Mo), called "cool-bottom processing" by 191. Such mixing seems to be required to explain some 
spectroscopic observations of stars as well [9,10]. A few grains (Group 4 of [4]) have 1 8 0  enrichments, 
relative to solar. Whether these enrichments reflect initial compositional differences of the stellar sources 
or are due to special processes in AGB stars is unknown at present. One new grain, T54, has a substantial 
1 8 0  depletion (160/180=1969+:~~9), and an 160/170 ratio of 71f  3, lower than any previous observations of 
grains or stars. This 160/170 ratio is lower than the lowest values predicted by red giant models and a recent 
measurement of the 170(p,cr)14~ nuclear reaction rate indicates that these predictions may themselves be 
too low, compounding the problem [I 11. Hot-bottom-burning in AGB stars is predicted to produce such 
large 1 7 0  enrichments, but this process should destroy all of the 1 8 0  [8]. 
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Some presolar graphite and Sic  al- 
most certainly formed in Type II super- 
novae [12,13]. After H and He, 1 6 0  is 
the most abundant isotope ejected in 
such stellar explosions [14]. It is thus 
somewhat of a puzzle that no preso- 
lar oxide grains have been found with 
extreme 1 6 0  excesses, indicating a su- 
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pernova origin, particularly in light of 
the fact that the possible presence of 
such grains has been invoked for over 
twenty years to explain the 0-isotopic 
compositions of Ca-Al-rich inclusions 
[15]. As we have previously noted, 
however, presolar Al2O3 appears to be 
underabundant relative to presolar Sic 
by a large factor, and the paucity of su- 
pernova oxides may be related to this 
overall problem. Moreover, the possi- 
bility of mass-independent 0-isotopic 
fractionation removes the requirement 
that 160  enrichments in CAIs are nu- 
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