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Distillation has been suggested as a process which produced refractory 
material from less refractory precursors in the pre-solar or early solar 
nebula. Some coarse-grained Allende inclusions, ie. C1 and EK 1-4-1, had 
large fractionations of the magnesium (1) and silicon (2,3) isotopes which 
might have been produced by distillation. The surfaces of lunar soil grains 
were enriched in heavy isotopes of silicon and oxygen by a mechanism that may 
have combined particle-induced impact melting, volatilization and escape of 
lighter isotopes from the lunar surface, and condensation of the heavier 
isotopes onto lunar soil grain surfaces (4,5). 

Distillation and sputtering of magnesium have produced fractionations of 
Mg isotopes that fit a Rayleigh process model and sputtering also gave 
"negative" fractionation, enrichment of the light isotopes (6,7). Non-linear 
effects (isotopic anomalies) were claimed to have been produced by distilla- 
tion and sputtering, so these processes were suggested to be the cause of iso- 
topic anomalies in meteoritic material. 

We have determined that the trend in silicon isotopic fractionation during 
distillation is to enrich the heavier isotopes in the residue (8) and that 
isotopic anomalies are not produced by distillation. 

The behavior of silicon isotopes during distillation was established by 
measuring their relative abundances in starting material and residues of solar 
furnace evaporations. Because of the extremely rapid evaporation of material 
in a solar furnace, large temperature gradients in the sample and bulk loss of 
material through spattering, a qualitative, rather than a quantitative, 
picture of fractionation was established for silicon isotopes. However, the 
data show conclusively that isotopic anomalies were not generated by 
distillation. 

Two types of samples were available for study, solar furnace residues and 
natural fusion crusts of Murchison and Allende. The residues were a tektite- 
like glass from L. Walter (9) and Columbia Plateau Basalt (BCR-1) and Allende 
meteorite from E. A. King (10). The fusion crusts, starting material and some 
of the residues were reacted with BrF5 to produce O2 and SiF4 gas for 
isotopic analyses. The delta values and an estimate of the amount of silicon 
lost from the material are shown in Table 1. 

Table 1. Silicon Distillation 
Sample 62gSi J30Si %Si lost Sample 629Si S30Si %Si lost 
LW glass CPB 
start 0.47 0.96 0 start 0.05 0.13 0 
FC res 0.97 1.92 CPB-1-4TA - - - -  3.56 8 0 
F01res 1.43 2.75 80 CPB-1-21BV 1.57 3.15 7 0 
F02 res 1.19 2.29 80 CPB-1-21C 0.36 0.63 
F03 res 1.33 2.58 80 

Allende -0.48 -0.94 0 
Murchison -0.56 -1.11 Allende T -0.19 -0.38 2 0 
fus crust -0.45 -0.90 fus crust -0.20 -0.40 

Delta values in % O  NBS 28. Fus crust=meteoritels natural fusion crust. 

The data from the table above show that the residues and fusion crusts 
have experienced isotopic enrichment and silicon loss with respect to the 
starting materials. All of the starting materials, residues and fusion 
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crusts have isotopic compositions that fall along a mass fractionation line of 
slope 0.50 within the instrumental precision of +O.O6%, (20) in 529. 
The one sample of condensate, CPB 1-21C, also falls along the fractionation 
line, and has a degree of fractionation greater than the starting material. 
This is expected as the condensate is an iron-magnesium silicate which 
accumulated during the run and is probably a mixture of vaporized starting 
material and vaporized residue material. Clearly the starting materials and 
residues have normal isotopic abundances, and by invoking mass balance, we can 
infer a normal composition for the lost silicon. This is in contrast to 
results for magnesium (6) which indicate that distillation residues have 
negative 626 anomalies and condensates have positive SZ6 
anomalies. Overall, the Mg anomalies in the condensates and residues should 
obey mass balance because the starting material is normal, but only one data 
set of four sums to zero S26. It is difficult to envision mass balance 
not applying to the magnesium, especially since silicon abides by it, so there 
is some question as to why three sets of residues and condensates violate mass 
balance for 626Mg. 

There are some differences in the methods of measurement between silicon 
and magnesium. The Mg results, measured with a thermal ionization mass 
spectrometer, must be corrected for instrumental fractionation by using one 
ratio for normalization, which also removes inherent sample fractionation. 
Anomalies appear as deviations from normal in the remaining ratio after 
correction for fractionation. For highly fractionated ratios, like those of 
Mg from residues, any of the laws used to correct for instrumental fractiona- 
tion may be inadequate to yield precise results because the natural isotope 
fractionation may have come from a different law (11). The silicon results, 
measured with a dual-inlet, dual-collector gas mass spectrometer, are free 
from instrumental fractionation and show inherent sample fractionation. No 
further corrections must be made to the gas data to get fractionations for 
both ratios. In the gas work, anomalies are immediately visible as deviations 
from the mass fractionation line of slope 0.50. None of the silicon data in 
Table 1 deviates from that line. 

Distillation of silicon does isotopically enrich the residue, as was also 
found for magnesium, but does not produce isotopic anomalies. 
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