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Forsterite occurs as single isolated grains within carbonaceous meteorites; prior isotopic analyses 
have shown that its oxygen isotopic composition shows enrichment in 160 relative to the bulk meteorite 
for Allende [ I  ,2]. Minor element analysis of forsterite using the electron microprobe allows distinction of 
C1 and C2 forsterites from those of C3 and unequilibrated ordinary chondrite (UOC) forsterites [3]. An 
exception is a small compositional range common to all these meteorite groups from which forsterite 
compositions appear to diverge [4]. While oxygen analyses have been made for density separates of 
olivine-pyroxene of Murchison (C2) [5], single grains have not been analyzed. Here we report our initial 
results showing that for two Murchison isolated forsterites, oxygen appears to be enriched in 160 with 
average values of 6180 of near -1 5 %o compared to Allende forsterites (6180 = -6 to -8 %o). Similar analysis 
of isolated forsterite in Omans agrees closely with previous data for Allende. These data suggest that the 
forsterites which differ in minor element composition also differ in oxygen composition. 

Jntroduction: While bulk oxygen measurements have provided remarkable insight into the 
relations among meteorites and processes instrumental in their formation and subsequent history, it is 
clear that isotopic inhomogeneities occur at the single grain level. Thus, microanalytical techniques are 
required for study of these grains. Our ion probe technique [6] allows measurements on -20pm areas 
with precisions approaching 2 %O ( lo)  for 17/16 and 18/16 ratios. Presently, this precision is some 1 Ox 
poorer than for conventional mass spectrometry but the spatial resolution and in situ capability are unique. 

The most refractory phases within the primitive meteorites may reflect the earliest process in the 
nebula and inital inhomogeneities may be preserved. Because forsterite is certainly an early phase 
whether originating from a melt or a gas, and is a common phase, we have concentrated on determining 
the oxygen isotopic composition of this phase along with parallel studies on elemental variations. We 
continue our comparison by analysis of isolated, euhedral olivines in Ornans and Murchison. Specific 
grains were chosen based on morphology and each meteorite showed a euhedral, -300 micron forsterite. 
While the interior of each had a minor element composition typical of forsterite in the primitive meteorites 
[7], the rim of each grain was zoned, mainly in Fe. Zoning profiles and compositions are given in [8] for 
Omans and [9] for Murchison. 

Results: Ornans: Eight analyses of the central, chemically homogeneous portion gave a mean of 
-8.2 %o for 6170 and -4.0 %o for 6180. These values are equal within errors to earlier analyses of eight 
individual forsterite grains from Allende [ lo ]  determined by us and other Allende forsterites given in [I].  
Murchison: In addition to the euhedral grain a second grain was included which had the same chemical 
signature. Equal weighting of the mean of the two grains gave an average composition of -14.5 %o for 
6170 and -14.9 for 6180. These, as well as other relevant data are shown on the figure. 

Discussion: Our new data for C2 forsterite show distinctly higher 160 relative to the C3 data; in 
addition, the points lie slightly off the 1:1 mixing line on which four olivine-pyroxene density fractions plot 
[S]. While our technique has been shown to effectively eliminate 160H from the mass spectrum on 
standard phases [6], we cannot rule out the presence of a slight hydroxide background during the 
analysis of the Murchison thin section that might elevate slightly the apparent 170 abundance compared 
to the separately mounted standard olivines. Until this is resolved, we will consider the Murchison 
analyses as preliminary data and discuss the -1 0 %o shift in 6180 between C2 and C3 forsterites, not the 
apparent deviation of Murchison forsterite from the 1:1 line on the figure. Also shown are analyses of 
density fractions from Murchison [5]. These analyses on a mixture of olivine and pyroxene are generally 
heavier in 6180 than the isolated forsterite by -6 - 10 %o, and overlap with isolated forsterites from C3 
meteorites. 

These early analyses of C2 isolated forsterites suggests that they originated in a different isotopic 
reservoir than the C3 forsterites. The different minor and trace elements of the C2 forsterites would 
indicate that this reservoir also had different chemistry than the reservoir where C3 olivines formed. These 
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observations document the heterogeneity of the early solar nebula on a volumetrically significant mineral 
on a grain-to-grain scale. 
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Table 6170 (%,) 61 8 0  (%,) 

Ornans forsterite 

1 
2 
3 
4 
5 
6 
7 
8 
Avg . 

Murchison forsterite 
Grain 1 
1 -1 3.5k 1.9 -1 4.9k1.9 
2 -12.6k2.1 -14.6k1.7 
3 -14.3k2.9 -12.8k2.4 
4 -1 2.3k2.2 -7.2k2.3 
5 -16.4k2.3 -1 1.9k2.3 
6 -16.0k2.2 -14.5k2.1 
7 -14.952.1 -17.3k2.2 
8 -17.9k2.0 -18.1k2.0 
9 -14.9k2.3 -14.5k2.5 
10 -17.5k2.9 -13.9k2.6 
A v ~ .  -1 5.0k0.6 -14.0k1.0 

Grain 2 
1 -15.3k2.1 -21.1k2.3 
2 -1 3.7k2.3 -1 3. lk 1.9 
3 -14.3k2.2 -1 4.7k2.5 
4 -12.6k2.1 -1 3.7k1.9 
A v ~ .  -14.0k0.6 -15.7f1.8 

Figure. Data of Table plotted relative to analyses of Allende 
chondrules [I I], Bulk Murchison, Murchison matrix, density 
separates of Murchison (mostly olivine and pyroxene) [5],and earlier 
microanalyses of isolated forsterites from [I] and [2]. 
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