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We report 0- and Mg-isotopic compositions of periclase in a 10 pm Fremdling and of the coexisting spinel 
and melilite extracted from a polished thin section (PTS) of the Vigarano CAI 477B. The Fremdling consists of 
karnacite (4.9 wt.% Ni), taenite (33.0 wt% Ni), and a member of the periclase-wiistite solid solution series (Pe7i- 
Wii29). It was studied in detail with the SEM and compositions of phases were determined quantitatively by wave- 
length dispersive techniques with the electron microprobe (EMP) [I]. It is associated with spinel and melilite and 
is partially covered with a veneer of V-bearing fassaite. The periclase projects into an embayment of the 
neighboring spinel, suggesting that the spinel crystallized on the pre-existing periclase (Fig. 1). A cylinder of 
6Opm diameter was carefully extracted from the thin section with a high precision microdrill. The cylinder 
comprised the multiphase Fremdling and the adjacent spinel, melilite, and fassaite (Fig. 1). All phases exposed on 
the surface of the cylinder had previously been chemically characterized by EMP analysis and the zoning behavior 
of the adjacent spinel and melilite had been documented [2]. The cylinder was gently crumbled between quartz 
plates to disaggregate its components for ion microprobe measurements. The resulting fragments (typically 10-20 
pn in diameter) were then pressed in a gold foil together with Burma spinel grains as a terrestrial standard. The 
crushing of the Vigarano cylinder resulted in some cases in clean grains of spinel and melilite. The Frerndling was 
successfully recovered and relocated on the gold foil. The majority of the periclase was still attached to the metal 
along with smaller pieces of spinel clinging to the whole Fremdling. The mineralogy of the various fragments was 
checked by SEM and EDX analysis before the ion microprobe measurements. 

Oxygen isotopic abundances were obtained from periclase and single grains of spinel and melilite by a 
measurement technique described previously [3,4]. The results are shown in Figure 2 with la error bars. Two 
melilite grains plot on the 160-rich mixing line in the vicinity of its intersection with the terrestrial fractionation 
line, close to the melilite mineral fraction from Men& CAIs [ 5 ] .  In contrast, three spinel grains have large 160 
enrichments, exceeding those previously measured in spinel fractions of Allende inclusions [5] and Murchison [6] 
whose 0 isotopic compositions are shown for comparison. The periclase has an 0-isotopic composition which, 
within the errors, is compatible with the terrestrial fractionation line as well as the 160-rich mixing line. The size of 
the error bars for this measurement is a consequence of the small size of the periclase grain, some of which was 
saved for subsequent Mg-isotopic analysis. The present 0-isotopic measurements are the first made on individual 
mineral grains of a microscopic sample in a CAI. The results show that previous observations made on mineral 
fractions [5,6] extend to the microscopic scale: melilite and spinel located at most only tens of pm apart exhibit 
extremes of isotopic compositions. Since there is strong evidence for an igneous origin of Type B inclusions [7], 
the diffusion exchange model proposed previously [5] is the most likely explanation for this. Although, at present, 
the diffusive behavior of 0 in periclase is not known, diffusive exchange apparently also was responsible for the 
0-isotopic composition of this mineral. If this interpretation is correct, then we do not know its original 
composition: it could have been 160-rich, as presumably all the minerals of this inclusion at the time of formation, 
or it could have been very different. If this was the case, then this information was lost during the 0-isotopic 
equlibration event. 

Subsequent to the 0-isotopic analyses, Mg-isotopes were measured in Vigarano spinel, melilite and periclase 
and compared with measurements on Burma spinel grains. The periclase grain was measured three times whereas 
single measurements of Vigarano spinel and melilite were made on different grains. Although the scatter of the 
measured FM, between different grains is somewhat larger than that of measurements made on polished PTS [8], 
there is a striking difference between spinel and melilite on the one hand and MgO on the other. The'first two are 
positively mass fractionated, i.e. isotopically heavy, whereas periclase is isotopically light. Previous Mg isotopic 
studies on terrestrial spinel and melilite [8] established that there is no systematic instrumental mass fractionation 
effect between these two minerals. Therefore it is justified to normalize the measurements of both Vigarano spinel 
and melilite to Burma spinel. The average value for the normalized Mg isotopic fractionation is + 4.2 f 1.8 (20) 
Oloo/amu for Vigarano spinel and +6.6 f 2.0 (20) Olodamu for Vigarano melilite. The FMg in the periclase was 
corrected for contributions from adjacent small spinel fragments. These contributions were much larger for Mg- 
than for 0-isotopic measurements because the 0- primary beam used for the Mg analyses could not be focused as 
finely as the Cs' primary beam used for the 0 analyses. The correction for FMg was made by monitoring the Al' 
signal along with the Mg isotopes and assuming that all Al originated from spinel. EMP analyses of periclase prior 
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to its removal from the thin section showed that it is virtually free of Al. After this correction the average Mg 
fractionation of the periclase normalized to the Burma spinel is -5.2 k 2.0 (20) Olodamu. In order to check whether 
matrixdependent instrumental mass fractionation could be responsible for the FM, difference found between 
periclase and surrounding Vigarano 477B spinel and melilite grains, a terrestrial periclase from Nordmarken 
(Sweden) and Burma spinel were mounted in epoxy and analyzed for their Mg isotopes with the ion microprobe. 
The instrumental mass fractionation measured in these two samples was identical within the errm, FMg for 
periclase relative to Burma spinel being -0.18 + 0.95 (20) Olodamu. We conclude that there is no matrixdependent 
instrumental isotopic mass fractionation between spinel and periclase. As far as the nonlinear 62%g is concerned, 
there is a slight tendency of all the Vigarano phases to show a 2%ig excess but the data are not precise enough to 
establish this fact unequivocally. 

The difference in Fw of -1O01oo/amu between periclase and the adjacent phases is difficult to explain in terms 
of a common igneous origin in the CAI. The periclase is attached to metal but both are surrounded by spinel and 
melilite. Variations in Mg-isotopic mass fraction within single "normal" inclusions from CV3 meteorites have been 
observed previously 18-101 but these were differences between interior and rim regions that could be explained by 
isotopic exchange during the rim formation process. The isotopically heavy Mg of spinel and melilite in 477B is 
within the typical range found in "normal" coarse-grained CAIs from CV3 meteorites [Ill .  It is indicative of 
distillation, either associated with or predating the formation of these inclusions [12]. Isotopically light Mg, 
characteristic of fine-grained CATS, could be the result of kinetic fractionation during condensation or formation 
from an isotopically light gas reservoir after removal of isotopically heavy distillation residues. Thus, the periclase 
could have obtained its Mg-isotopic signature from one of these processes which precludes a common igneous 
origin with the rest of the Vigarano CAI. The constraints from the mineral assemblage and the Mg-isotopic 
composition argue for condensation of periclase in an isotopically light gas reservoir also depleted in Si. If this 
interpretation is correct, then the periclase is indeed a Fremdling or a part of Fremdling which formed entirely 
independent of the CAI in a separate, chemically distinct reservoir with distinct Mg-isotopic and Si abundance 
signatures and was later injected into the molten CAI. Another alternative is that both periclase and CAI are 
genetically related in that 477B formed by distillation whereby the evaporating (isotopically light) Mg condensed 
into MgO. However, it is difficult to envision why periclase would condense from such a reservoir instead of 
olivine. It is likely that both periclase and metal are of cogenetic origin. This question can only be tackled through 
isotopic analysis of the metal. 
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Fig. 1: SEM photograph of Fremdling and adjacent minerals Fig. 2: Oxygen-isotopic compositions of periclase from Fremdling 
before extraction from CAI. and adjacent spinel and melilite from CAI 477B. Composition of 

Burma spinel standard is given for comparison. 
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