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PARTIAL EVAPORATION OF PRE-SOLAR DUST: THE MECHANISM OF F~ISILICATE 
AND OXYGEN ISOTOPIC VARIATION IN CHONDRITES? Gary R. Huss, Dept. of Geol. and 
Geophys., Univ. of Minn., Minneapolis, MN 55455. 

I have suggested that the meteorites and terrestrial planets formed 
largely from pre-solar dust that had not evaporated in the solar system (1,2). 
If pre-solar solids were not completely evaporated, then the chemistry and 
isotopic composition of pre-solar dust must have helped determine the chemistry 
and isotopic composition of solar system objects. I present here a simple 
model in which preferential removal of more volatile components from pre-solar 
dust of "cosmic" composition can produce solids with Fe/Si ratios and oxygen 
isotopic compositions similar to those of LL, L, H, and C3 chondrites. 

A molecular cloud can be considered to consist of several material reser- 
voirs, each with its own physical, chemical, and isotopic characteristics (2). 
For this discussion I define four dust reservoirs: 1) silicate dust, by far 
the largest reservoir, consisting of amorphous silicates and silicate mineral 
grains; 2) refractory dust, consisting of Ca-Al-Ti minerals and making up a 
very small fraction of the dust; 3) metallic FeNi; and 4) Fe,Ni sulfides. 
Using "cosmic abundance" tables (3) and some judicious assumptions one can 
estimate the amount of each element in each of the four reservoirs. To a 
first approximation, only eight elements need be considered (Mg, Si, Al, Ca, 
Ti, Fe, Ni, S). About 47% of the Fe and Ni is required to tie up 90% of the 
sulfur in sulfides. Assigning about 11% of the Fe and Ni to metallic FeNi 
leaves silicate dust with Fe/Mg of about 0.38 and (Fe + Mg)/Si of about 1.44, 
similar to the silicate portion of LL chondrites. About 15% of the Al, Ca, 
and Ti was assigned to the refractory dust reservoir, leaving 85% of these 
elements in the silicate dust. Constituents of the four reservoirs evaporate 
over different temperature ranges as shown schematically by the solid lines 
in Figure 1. Metallic FeNi and Fe,Ni sulfides should evaporate over relatively 
narrow temperature ranges, but silicate dust, because of wide differences in 
constituent grains, would evaporate over a wide temperature interval. Any 
variation in chemical or isotopic composition between reservoirs will produce 
chemical or isotopic fractionation during partial evaporation of the dust. 

The calculated variation in the bulk Fe/Si ratio of the solids as a 
result of partial loss of silicate dust from dust of "cosmic" composition is 
shown in Figure 2. With increasing temperature, the Fe,Ni sulfides are lost 
first (Figure 1) and the bulk Fe/~i ratio in the remaining solids decreases 
from about 0.95 in the bulk pre-solar dust to about 0.5 (Figure 2). With a 
furthur increase in temperature, the more volatile silicate dust evaporates 
and the bulk Fe/~i ratio in the solids begins to increase. At still higher 
temperature, metallic FeNi begins to evaporate, but the least volatile 
silicate dust and refractory dust remain in the solids and the bulk Fe/~i 
ratio in the solids decreases again. 

Figure 2 also shows the variation in oxygen isotopic composition as 
volatile components are lost from the dust. In this calculation it is 
assumed that refractory dust has a composition of 6170 = -41%. , 6180 = -40%, , 
the extreme values measured from constituents of CAIs (4). The composition 
of the silicate dust is taken to be that of LL chondrites, which are the most 
160-~oor meteorites known. Refractory dust is expected to have a more 160- 
rich composition than the bulk dust because: 1) refractory elements should 
preferentially combine with 160-rich oxygen in dust grains formed during 
supernova explosions (5); and 2) there is a strong correlation between 160 
enrichment and refractory chemistry in meteorites (4,6). It was assumed for 
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this calculation that oxygen.was present in both refractory dust and silicate 
dust at about 1.5 oxygen atoms per cation. Removal of metallic FeNi and 
Fe,Ni sulfides was assumed to have no effect on oxygen. 

Also shown in Figure 2 are the points at which the calculated curves 
intersect the literature values for the Fe/~i ratio and bulk oxygen isotopic 
composition of LL, L, H, and C3 chondrites. For each chondrite class, the 
literature data intersects the curves at approximately the same "fraction of 
silicate dust remaining." It is striking that a simple model of the distri- 
bution of chemical elements and isotopes between various pre-solar reservoirs 
can simultaneously explain the oxygen isotopic composition and the Fe/Si ratio 
in four of the major classes of chondrites. The model is consistent with the 
volatile-element contents of the primitive (unmetamorphosed) chondrites of 
each class and allows, in fact predicts, the existence of isotopic variations 
in the components of primitive chondrites (2). Interestingly, this model 
suggests that C3 chondrites formed from more highly processed material than 
did the ordinary chondrites. The model can also be extended to other chon- 
drite classes, but the effects of isotopic exchange and fractionation, and 
chemical exchange between various reservoirs become important. 
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