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OXYGEN ISOTOPES IN REFRACTORY OXIDE MINERALS FROM PRIMITIVE 
CHONDRITES. Gary R. Huss, Albert J. Fahey, Sara S .  Russell and G. J. Wasserburg Lunatic 
Asylum, Division of Geological and Planetary Sciences, Caltech, Pasadena, CA 91 125 USA 

As part of our continuing search for presolar oxide grains, we have measured oxygen 
isotopes in 94 refractory oxides from Semarkona (LL3.0), 26 from Qingzhen (EH3), and 1 1 from 
Krymka (LL3.1). Although no grains with spectacular oxygen anomalies like those in circum- 
stellar A1203 grains [I-31 were found, we did find several grains with compositions outside the 
range typically observed for solar-system materials. In addition, this new data along with that for 
43 refractory oxides from Orgueil (CI) [ l ]  and 54 from Bishunpur (LL3.1) [2] allow us to examine 
the nature and possible origins of the refractory oxide minerals found in all chondrite classes. 

A1203 seems to show more oxygen-isotope diversity than other refractory oxides, even 
when obvious presolar grains are excluded (Fig.). Some of this apparent diversity reflects the 
lower precision obtained on 1-5 pm A1203 grains compared to larger spinel, hibonite, and Ti02 
grains (Fig.; errors are 20). However, several grains from Semarkona, Qingzhen, and Bishunpur 
have compositions more than 20 away from either the terrestrial fractionation line or the 160-rich 
mixing line that characterizes CAIs (e.g., Fig). One Semarkona A1203 grain (not plotted) has a 
composition of 6170 = 20&180%0,6*80 = -195f 130%0 (20). An A1203 grain from Qingzhen also 
exhibits a small excess of 1 7 0  and a small depletion of 1 8 0  relative to solar oxygen (Fig.). 
Although the anomalies are small and poorly resolved, they are consistent with what one expects 
for grains from a 1 .O- 1.1 M 0 red giant or AGB star [2, 41. Two A1203 grains from Semarkona 
fall well to the right of the slope -1 line. If these grains were produced by fractionation of oxygen 
originally on the slope -1 line, the starting composition must have been between 6170 = -175 to 
-225%0. Alternatively, these grains may represent sources enriched in 180  and depleted in 1 7 0  
relative to the solar system. Two Orgueil A1203 grains have excesses of both 170 and 1 8 0  (6170 = 
4 w 0 0 ,  54&20%0; 6180 = 71+8%0, 88fl6%0, respectively) and lie near an extension of the slope 
-1 line. Grains with similarly exotic compositions are not seen among the spinel, hibonite, and 
Ti02 grains so far measured. Most of the other A1203 grains fall near the slope - 1 line, between 
6170 = - 100%0 and +50%0 (Fig.), and we have found none with 6170 <- WOO. 

Hibonites from Semarkona, Bishunpur, Kryrnka, and Orgueil typically lie within errors of 
the 160-rich mixing line, between the terrestrial fractionation line and about 6170 = -85%0 (Fig.). 
We did not observe hibonites with compositions near 617,180 = 0. The hibonites are probably 
from CAIs. One Bishunpur hibonite is unusually rich (for hibonite) in 180  (Fig.), but since the 
composition is within the range for spinel, there is no reason to believe that it is presolar. Weighted 
means for hibonite data from Semarkona and Bishunpur are similar to the oxygen composition of 
bulk Murchison spinel (Table). The mean of two Orgueil hibonites is also similar. Individual 
hibonites show little evidence of mass fractionation, unlike those from Murchison CAIs [5]. 

Spinel grains from our meteorites have a bimodal distribution along the slope - 1 mixing 
line (Fig.), with about half of the grains falling within errors of the terrestrial composition and half 
clustering around 6170 = -41%0,6180 = -40%0. The compositions richest in 1 6 0  are comparable 
to those in hibonites and the 160-rich grains are probably from CAIs (Table). Orgueil appears to 
have fewer of the "normal" spinels (only one was measured). The "normal" spinels represent a 
component not seen among hibonites and perhaps are the Cr and Fe-poor tail of the chromites 
found in chondrules (chromite does not survive our acid chemistry). 

Two of the Ti02 grains from Semarkona that were measured and the only Bishunpur Ti02 
measured (three of seven total) lie more than 20 from "normal" oxygen. All three of these grains 
are enriched in 160 relative to "normal" oxygen and lie to the right of the slope -1 line. These three 
grains are clearly of meteoritic origin and may be related to CAIs. 

Although we have not found any of the AGB condensates with highly anomalous oxygen 
identified in previous studies [I-31, a few A1203 grains carry oxygen anomalies of up to -200%0 
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and may be-presumed to be presolar grains. It is striking that we find no grains with 160 excesses 
greater than about 100%0, particularly if the widespread 160 variations in macroscopic solar-system 
materials are due to different mixtures of "normal" oxygen and 160-rich circumstellar condensates 
[6]. If that model were correct, one would have to suppose that none of the 160-rich carriers have 
survived to be measured, while grains from AGB stars with large 1 7 0  excesses, which are not 
abundant enough to perturb the total oxygen budget, have survived. The problem of the oxygen 
anomalies must be reformulated to address both non-mass-dependent isotopic fractionation 
mechanisms operating in or outside of the solar system [7] as well as additional presolar scenarios. 
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Table 1: Weighted Means of Oxv~en Compositions of Refractory Oxide Grains (%o). 
Hibonite Spinel ("Normal") Spinel (160-rich) Spinel (all) A1203 T i02  

Semarkona -4E3,-36+4 - 3 s ,  - 2 s  -43k6,-4735 -1 9k4,-23f4 -21+4,- 18fi  - 1339,4+9 
Bishunpur -4235,-3 1 s  -13M, 1+.6 -48f 11,-41f 10 -21f6,-10+j -5=,-4E6 
Qingzhen -3+6, 6% -47f5,-46fi -28k4,-224 -32_+10,-43f9 
Orgueil -36s,-23k6 2kl1, 2+12 -37&3,-28s -35k3,-27s - 18f3,- 1k3 
Murchison bulk spinel [8] -41,-40 
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