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We report here the first use of a new ion-imaging system to locate a rare interstellar aluminum oxide 
grain in a Murchison acid residue. While several types of carbon-rich interstellar grains, including graphite, 
diamond, Sic  and Tic, have previously been found, isotopically anomalous interstellar oxide grains have proven 
more elusive. For example, Virag et a1 . [I] found no evidence of an interstellar component in a study of 26 
corundum grains from Murchison. Measurements by Amari et al. [2] on an additional 92 hibonites and 41 
corundum grains in a smaller grain size fraction of Murchison gave similar negative results. A positive result was 
however reported by Huss et al. [3] who found one corundum grain, out of 23 studied from Orgueil, that had a 
large 2 6 ~ g  excess corresponding to an (26~1/27~1)0 value of 9 x 1 0 ~  and was thus of possible interstellar origin. 
A total of 550 Orgueil oxide grains and some 760 Murchison oxide grains were studied here. One corundum grain 
from Murchison, 83-5, showed an 180 depletion (6180 = -244 f 247~)  and an 170 enrichment (6170 = 1072 k 
59920) indicative of an interstellar origin. Grain 83-5 is also enriched in 2 6 ~ g  leading to an inferred (26~1/27~1)0 
of 8.7 x lo4, similar to that measured by Huss et al. 131 in their Orgueil sample. Additional data on many more 
oxide grains are needed to determine whether this agreement indicates a single population of presolar C O N I I ~ U ~  

grains or is purely coincidental. 
We have developed an ion imaging system which allows us to map the isotopic composition of large 

numbers of grains relatively quickly and is thus ideally suited to search for isotopically exotic subsets of grains. 
The system consists of a PHOTOMETRICS CCD camera coupled to the microchannel plate/fluorescent screen of 
the WU modified CAMECA IMS-3F ion microprobe. Isotopic images of the sample surface are focused on the 
CCD and digitized. Subsequent image processing identifies individual grains in the images and determines isotopic 
ratios for each. For the present work, we have imaged in 160 and 180; negligible contributions of 1 7 0 ~ -  and 

160$ signals to the 180- signal allow the use of low mass resolution, simplifying the measurements. Repeated 

imaging runs on terrestrial corundum particles showed that the system measures isotopic ratios reproducibly to 
about + 4Wo (lo).  Each imaging run took about six minutes to complete, and for this study there were on 
average 5-1 5 grains in each image. 

We have conducted imaging searches in 2-4 pm size separates of both Orgueil and Murchison. SEM-EDX 
analysis of a mount of Orgueil residue CC (ORCC) showed that it contains about 86% "chromites" (Cr-rich oxide 
grains with varying amounts of Mg, Al, Fe and Ti), 8% spinel, 4% T i e ,  and about 1% each of Sic  and 
corundum-hibonite. The positions of seven corundum grains were noted and these were included in the ion 
mapping. The Murchison mount (KJG) contains 73% Sic, with the remainder of the grains being either 
corundum or hibonite. A total of 550 Orgueil oxide grains were imaged, of which we estimate 10-15 to be 
corundum. ,411 but one grain appeared to be isotopically normal within analytical uncertainty. One grain showed 
a depletion in 180 (6180 = -2500/00)), but it unfortunately was sputtered away before it could be remeasured. Some 
760 Murchison grains, all corundum or hibonite, were analyzed by imaging. All but one showed 6180 values that 
fall within the range previously observed in Murchison oxides, from -100%~ to +8Wi with an average offset of - -4% [1,2], and are thought to have formed in the solar system. The distribution of measured 6180 values 
(see Fig. 1) agrees well with the previous individual grain measurements although some of the higher 6180 
measurements in smaller grains may be artifacts of the ima e processing. f One Murchison corundum grain, 83-5, showed 6 l  0 = -21% and 6180 = -22Wo on two consecutive 
imaging runs. We measured the oxygen isotopes in this grain, which is 1x3 pm in size, at high mass resolution 
and found an extreme enrichment in 170 (6170 = 1072 f 5%) and confirmed the depletion in 180 indicated by 
the imaging system (6180 = -244 + 24%)). The actual isotopic composition of the grain may be even more 
extreme, since we were not able to completely eliminate secondary ions from a neighboring corundum grain for 
which the imaging showed 6180 in the solar system range. Subsequent measurements of the Mg isotopes found 
a large excess of 2 6 ~ g ,  corresponding to an initial 2 6 ~ 1 / 2 7 ~ 1  ratio of 8.7x10-~. 

The unusual oxygen isotopic composition of 83-5 strongly suggests a circumstellar origin for this grain. 
Spectroscopic observations of red giant stars show similar isotopic signatures of enriched 170 and depleted 180, 
presumably due to the dredging-up of CNO cycled material into the convective envelope [4-61. The initial 
2 6 ~ 1 / 2 7 ~ 1  ratio ( 8 . 7 ~ 1 0 - ~ )  inferred from the Mg isotopes is 17 times as high as the "canonical" solar system 
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value of 5 ~ 1 0 - ~ .  The agreement with the result obtained by Huss et al. [3] for Orgueil Grain B (9x10-~) strongly 
supports their interpretation of that grain as circumstellar. 

anomaly for Grain 83-5 is much larger than the effect in 180/160, leading to the question 
whether some grains on the low edge of the 180/160 distribution might also possess large enrichments in 1 7 0  
indicative of an interstellar origin. We cannot be sure on this point without further measurements but we consider 
it unlikely; in every previous case where 170 has been measured in a single oxide grain with a 180  depletion in 
this range, the 170 was also found to be depleted [1,2]. The limited statistics available also make it impossible to 
decide whether the proportion of interstellar corundum is higher in Orgueil than in Murchison as suggested by 
Huss et al. [3]. We intend to use further chemical matrnents to concentrate the corundum in our Orgueil separates 
to help answer this question. 

The Murchison separates we have studied contain roughly a third as much corundum-hibonite as Sic, yet 
essentiallly &of the S ic  grains are anomalous while only one rare oxide grain shows substantial isotopic 
differences from average solar system material. This result seems somewhat surprising since corundum is expected 
to form in stellar atmospheres [7] and the contribution of interstellar dust from oxygen stars is estimated to be 
similar to that from carbon stars [8]. Moreover, oxide grains should survive nebular processes that would destroy 
reduced phases such as graphite and Sic. Perhaps the apparent relative paucity of intersteIlar oxide grains is related 
to grain size; for example, we have previously noted that bulk measurements of a fine-grained spinel fraction from 
Murray showed enrichments in 170 [9], and it is possible that the fraction of interstellar grains is higher for 
smaller grains. 

The ion imaging system described here should make it possible to amass much better statistics on 
interstellar oxides in future work. The system should also prove useful in locating rare types of reduced interstellar 
grains, such as the X class of Sic grains previously identified by Amari et al. [lo] so that these rare grains can be 
studied separately by complementary experimental techniques. 
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Murchison KJG-6 oxide grains 
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