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Carbon-rich presolar grains (diamond, Sic, and graphite) have been known in meteorites 
for several years [I-31. Oxygen-rich presolar A1203 has been recognized only recently [4-71, 
even though astronomical observations show that oxygen-rich grains dominate interstellar dust [8]. 
It has been difficult to isolate oxygen-rich presolar material primarily because local solar-system 
material, which is also oxygen-rich, is so overwhelmingly dominant in meteorites. We have been 
using the ion microprobe to examine refractory oxide minerals from acid residues of primitive 
chondrites, looking for isotopic signatures indicative of a presolar origin. Initial work in Orgueil 
(CI) yielded one A1203 grain with ox en enriched by a factor of two in 170 relative to the solar 
composition and a large excesses of lfMg, presumably from decay of 26A1, indicating an initial 
2 6 ~ @ 7 ~ 1  ratio 18 times the canonical solar-system value [4,6,7]. Here we report the discovery of 
another presolar A1203 grain, B39 from Bishunpur. The oxygen in B39 is enriched in 170 by a 
factor of 5.7 (160/170 = 385 f 9) and is depleted in 180 by a factor of 2 (160/180 = 854 f 25) 
relative to solar-system values (1601170 = 2610; 160/180 = 499). The oxygen composition of this 
grain is consistent with an origin in a star that has experienced fmt  dredge-up. 

Figure 1 shows the oxygen compositions of 28 A1203 grains (a), 12 spinels (0) 
(MgA1204), 14 hibonites (0) (CaA112019), and one Ti02 grain (0) from our Bishunpur SiC- 
spinel separate, which was prepared for a study of abundances of presolar grains [9]. The 
compositions of two previously reported presolar A1203 grains [5-71 and the mean of our Allende 
spinel analyses and standard mean ocean water (SMOW) are also shown. All but one of the 
measured grains fall within the range previously observed for solar-system processed materials 
(inset Fig. 1). The hibonite and spinel grains fall along the I60 mixing line observed in minerals 
from CAI from carbonaceous chondrites [lo], and span essentially the same range as observed by 
previous workers [e.g., 111. These grains are most likely part of a small CAI component known 
to be present in ordinary chondrites [12]. The A1203 grains show somewhat more scatter. Among 
the A1203 grains measured in Bishunpur, only B39 has an oxygen composition significantly 
outside the range exhibited by solar-system materials (Fig. 1). This extreme composition clearly 
shows that B39 formed outside the solar system in a stellar environment where C/O > 1. B39 is a 
roughly spherical, 3 pm diameter grain with a 'platy' surface texture similar to S i c  grains. The 
abundance of presolar corundum in Bishunpur is roughly comparable to that of rare 'X' S i c  
grains, about 5 ppb of Bishunpur. 

The composition of grain B39 is remarkably similar to both spectroscopic observations 
[13] and theoretical expectations [14] for atmospheres of mass-losing red giants that have 
undergone the first dredge-up, where the ashes of partial hydrogen burning in inner zones are 
mixed outward to the surface by deep convection. Calculations show that the resulting envelope 
compositions should be enriched in I 7 0  by factors of up to 30 and depleted in I80 by up to 30%, 
while 160 remains unchanged [14]. The uncertainties on predicted compositions are relatively 
large, particularly for 170, due to poorly known reaction rates. When the highest choice for the 
reaction rate for 1 7 0 ( p , a ) 1 4 ~  [I51 is used to reproduce the observed 160/170 ratios in stellar 
envelopes [14], the predicted 1601170 ratios as a function of stellar mass match grain B39 in stars 
of 1-2 M g  and 8-12 M g .  The prediction for the lower mass range is relatively robust and is 
probably more reliable than observations from individual stars; on the other hand, predictions for 
M  > 3 M g  depend strongly on the rates chosen [14] and observations may be a more reliable 
guide. 160/180 is only weakly dependent on mass and thus does not really constrain the mass of 
the parent star. A more important constraint may be the stellar mass-loss rates which, particularly 
for the low-mass stars, increase along the Asymptotic Giant Branch (AGB) as the envelope of the 
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star becomes 12c-rich and oxygen remains basically unchanged [8]. Mass-loss rates for 1-3 Mg 
stars on the early AGB are only a few x 10-7 M g  y r l ,  which would seem to be insufficient to 
allow growth of 3 pm grains like B39, but mass-loss rates of a few x 10-6 M g  y r l  are observed 
in the late AGB and rates of 10-5 M g  y r l  are estimated for the planetary nebula phase. 

The isotopic composition of B39 is broadly consistent with formation in almost any star 
that has undergone first dredge-up. Even the envelope of a type I1 supernova is a possible source, 
if the supernova explosion does not mix the massive envelope with the products of explosive 
nucleosynthesis. Interestingly, the measured 1601180 in B39 is slightly higher than most ratios 
observed in envelopes of giant stars [13], although the errors on the stellar observations are large. 
Thus the composition of grain B39 might indicate a need to re-evaluate uncertainties in the stellar 
observations and the calculations that use them for calibration. On the other hand, two previously 
reported presolar A1203 grains 14-71 have smaller 180 depletions (Fig. 1) and fall in the middle of 
the range of spectroscopic observations, so the ratio in B39 could reflect an unusual origin. 

A longstanding problem in meteoritics is to understand the source of the variations in 
oxygen composition in solar system materials [e.g., 10, 111. One possible explanation is that the 
solids in the sun's parent molecular cloud carry a variety of oxygen compositions, with refractory 
160-rich 'carrier' grains producing the oxygen variations [ l l ] ,  although a chemical origin is also 
possible [16]. It is strikingly clear from Fig. 1 that the presolar A1203 grains found to date are not 
the carriers of I 6 0  needed to explain the solar-system oxygen data. 
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