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In the preceding paper [l] we have demonstrated that substantial mass 
fractionation in Mg can be induced by distillation, accompanied by non-linear 
effects which are manifested in non-zero values of rSZ6Mg. This discovery clar- 
ifies the symmetries between the coarse- and fine-grained Allende Ca,Al-rich 
inclusions (CAI's). It clearly identifies the fractionated coarse-grained 
CAI's as distillation residues and the fractionated fine-grained inclusions as 
evaporation condensates. The negative values of 626~g observed in residues, in 
Mg rich phases, are directly attributable to this effect rather than to solar 
system material with below normal initial 26~g/24~g. Clearly, it is not neces- 
sary to invoke 2 6 ~ 1  decay to evolve to the present day value or to postulate 
initial heterogeneity in Mg isotopes. By contrast, evaporation condensates 
exhibit positive 626~g. Distinguishing this positive offset from the results 
of 2 6 ~ 1  decay will need careful re-appraisal of cases where positive 6 2 6 ~ g  has 
previously been attributed to 2 6 ~ 1  decay. The issue may be further complicated 
by the possibility that some positive effects in coarse-grained distillation 
residues may be due to an admixture of condensate material from other vapor- 
izing CAI's as the temperatures dropped. The observation of rims, made up of 
condensate type material, around coarse-grained CAI's [2] supportsthis point. 
In this context, the Mg systematics, in Mg rich phases, in the coarse-grained 
FUN inclusion EGG-3 [3] are significant. Pyroxene crystals from EGG-3 with 
roughly the same Al/Mg ratio exhibit variable 626~g ranging from -0.9% to 
+O. 9%0. Spinels from the same inclusion have 626~g=0. We attribute the hetero- 
geneity in EGG-3 pyroxene to distillation plus an admixture of evaporative con- 
densate material. As shown in the preceding paper [I] the positive 6 2 6 ~ g  in 
evaporation condensates are larger than the accompanying negative effects in 
the residues and do not correlate with the degree of induced fractionation. 
Extrapolating this point, Mg poor A1 rich phases in EGG-3 could display large 
positive values of rSz6Mg accompanied by small or even negative fractionation. 
This indeed, is the case for EGG-3 plagioclase [3] which has a fractionation 
range of -2.9 to +1 .4%0 per mu whereas the mean value of A (25~g/24~g) for the 
whole inclusion ranges from +5 to +7%0 per mu. 

The variable fractionation effects in Mg in fine-grained inclusions [4] can- 
be easily understood in terms of the evaporative condensates nucleating around 
Col, pre-existing and presumably isotopically normal material. Furthermore, 
more than one vaporizing source is likely to have contributed to each fine- 
grained inclusion giving rise to the observed heterogeneities. The correlation 
between fractionation and the anomalous Group I1 REE patterns [4] cannot easily 
be explained by the distillation/condensat ion mechanism. Both the coarse- 
grained and fine-grained inclusions with positive and negative fractionation 
exhibit the same Group I1 pattern. Therefore, the distillation process respons- 
ible for the FUN anomalies could not have generated all the details of the Group 
I1 pattern at the same time. They must have partly been produced in a previous, 
presumably more violent, event [ S ] .  The above conclusions for Mg can equally be 
applied to Si [6]. 

If Mg and Si are affected by distillation so must be oxygen. In fact, 
depending on the form in which oxygen is ev~lved during distillation, the 
effects in oxygen could be larger than in Mg. The issue can only be decided by 
experiment; however, the well known offsets from the 1 :1 line in 6 1 7 ~ / 6 1 8 ~  
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plots for FUN samples are probably due to non-linear fractionation. These 
offsets , so far, have been confined to coarse-grained inclusions (distil lation 
residues). This selectivity can be readily explained by assuming that the 
evaporative condensates equilibrated with the ambient, presumably normal, 
oxygen prior to condensation [7]. The same line of reasoning explains why 
fine-grained inclusions have systematically smaller 6 7 ~ /  *0 as compared to 
coarse-grained inclusions. The variations among various mineral phases, in 
this picture,ai.e due to mineral-selective distillation rather than mineral- 
selective external diffusion. The nature of the 1:l mixing line is not readily 
clear. If it is also due to the distillation process, it requires the starting 
material to be anomalously enriched in the light 0 isotopes by at least 4%. 
Alternatively, photochemical mechanisms [ 8 ]  may be of significance. The issue 
can be investigated experimentally. 

Two of the most significant FUN inclusions C1 and EK1-4-1 have been ex- 
haustively investigated for anomalies in the heavier elements. In fact, every 
element investigated thus far has shown isotopic anomalies. In contrast, most 
other non-FUN inclusions do not show such effects. From the beginning the con- 
nection between fractionated Mg, Si and 0 and the anomalies in the heavier ele- 
ments has eluded any reasonable explanation. Given our results for Mg it is 
reasonable to suspect that the anomalies in the heavy elements may be artefacts 
of the distillation process rather than due to nuclear processes. The pervasive 
anomalies in Ti both in FUN inclusions and in normal inclusions, if due to dis- 
tillation, could be related to chemical properties of Ti which render it sus- 
ceptible to FUN type processing much more readily than other elements. Altern- 
atively, as distillation will concentrate the largest anomalies in the most 
refractory mineral phases in the left-over residues, the presence of Ti in 
perovskite and its absence from any other significant phase would tend to 
prsserve Ti anomalies much more readily than for less refractory elements. 

In summary, the discovery that the FUN-type isotopic anomalies in Ca,Al- 
rich inclusions are due to distillation at high temperatures raises serious 
questions concerning the interpretation of all isotopic anomalies so far dis- 
covered. There is even a possibility that part (and conceivably all) of the 
2 6 ~ g  excesses attributed to the decay of 2 6 ~ 1  could be due to kinetic nebular 
processes. 
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