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CHONDRULE SIZES AND CHEMICAL FRACTIONATIONS AMONG 
CHONDRITES MAY HAVE BOTH RESULTED FROM PROTOSOLAR ERUPTIONS. Gary 
R. Huss*, Dept. of Geol. and Geophys., Univ. of Minn., Minneapolis, MN 55455 

Within the context of a model in which meteorites and the terrestrial planets 
formed primarily from that portion of the presolar dust that did not evaporate during 
solar-system formation (I), one can interpret the chemical and oxygen isotopic 
differences between classes of chondritic meteorites to be due to different degrees of 
partial evaporation of presolar solids (1,2). Textural, isotopic, and chemical evidence 
suggests that the chondrites can be placed in the following order based on the degree 
of partial evaporation suffered by their precursor materials in the accretion disk: CI, 
LL, L, H, E, CV, CO (1,2). CI chondrites apparently formed from essentially 
unprocessed presolar dust, while CV and CO chondrites seem to have formed from 
highly processed material. CM chondrites can be interpreted as mixtures of CI-like 
and CV/CO-like material (2). Mass balance considerations require that chemical 
processing occurred prior to chondrule formation (e.g., 1). 

Fig. 1 shows the median sizes of chondrules from various chondrite classes. It is 
dangerous to combine data in this way because each paper reports measurements of 
something slightly different. However, differences in median chondrule size between 
chondrite classes seem to exceed systematic differences between studies (3,4,5). In 
addition, variations within a single data set follow the trend shown in Figure 1. When 
chondritic meteorites are placed in order of decreasing median chondrule size, the 
resulting order is the same as that given above for degree of chemical processing! 

A correlation between chondrule size and the degree of chemical processing 
experienced by the chondrule precursor suggests that related processes were responsible 
for the formation of chondrules and chemical processing in chondrites. Perhaps the 
chemical and oxygen isotopic composition of a chondrite class and the size of its 
chondrules are both products of the early-pre-main-sequence protosolar eruptions that 
astronomical evidence suggests occur during the formation of solar-type stars (1,6). 

Fig. 2 shows schematically the interaction of the protosun and accretion disk 
during one of many early-pre-main-sequence protosolar eruptions. Protosolar eruptions 
may "erode" the inner edge of the disk by heating gas and evaporating dust. Hot gas 
would be lost through thermal motion perpendicular to the disk (1). A series of disk 
shocks would propagate into the disk, heating disk material in advance of the 
approaching erosion front. 

Two mechanisms, within the context of the model, might produce a correlation 
between chondrule size and the strength of a protosolar eruption. Dust aggregates 
exposed to protosolar radiation as the disk is eroded are heated, melt, and then 
evaporate. Melt droplets produced during a strong eruption might have a smaller 
median diameter than those produced by a weak eruption because of a higher rate of 
evaporation. If chondrules form when an eruption subsides and the partially or 
completely melted droplets crystallize (1,6), then the median size of the resulting 
chondrules would be inversely proportional to the strength of the eruption. 

Alternatively, dust aggregates may become entrained in the hot gas being lost from 
the disk as they are heated by protosolar radiation (Fig. 2). Since the strength of the 
gas flow would be proportional to the amount of energy supplied to the disk, 
protochondrules produced during a strong eruption would travel farther than those 
produced by a weak eruption before they could no longer be carried by the expanding 
gas. When the protochondrules fell into the relatively cool, optically thick region of 
the disk, melt droplets would cool and crystallize. In this scenario, chondrules 
produced by a weak eruption would be larger than those produced by stronger 
eruptions because their precursors spent less time exposed to the protosolar radiation. 
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The strength of disk shocks (Fig. 2) should be proportional to the amount of 
energy pumped into the leading edge of the accretion disk. If disk shocks are the 
primary agents of chemical processing of chondritic material, then the degree of 
chemical processing would also correlate with the strength of the protosolar eruption. 
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