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Introduction: Chondrules represent one of the best probes of 

the physical conditions and processes acting in the early solar 
nebula.  Chondrule formation models are assessed on their ability 
to match the meteoritic evidence, especially constraints on their 
thermal histories.  The model most consistent with chondrule 
thermal histories appears to be passage through shock waves in 
the solar nebula [1, 2].  These models meet all known constraints 
on thermal histories during chondrule formation, except for the 
restriction on the amount of time chondrules remain at > 1300 K 
prior to achieving peak temperature, which [3] estimate is < 30 
minutes, based on the lack of isotopic fractionation of sulfur.  In 
the shock model of [4], chondrules are “pre-heated” to tempera-
tures above 1300 K in the pre-shock region, remaining there for 
over 4 hours. Heating in the pre-shock region is controlled main-
ly by opacity, which is greatly affected by the sizes of solids, 
with smaller particles contributing more.  Previous models have 
typically included chondrule precursors of only one size [4-7].  
We feel it is now necessary to include a simple size distribution 
of precursor particles in the shock model in order to assess the 
effects on the thermal histories of chondrules, especially in the 
pre-shock region.  

Methods: We used the shock code of [4] to carry out our cal-
culations of chondrule thermal histories with the addition of “mi-
crochondrules” of radius, a = 10 μm, mixed with 300μm chon-
drule precursors and submicron-sized dust.  This improves on the 
models of [4, 5], which assumed a simple monodispersion of 
300μm precursors, as well as micron-sized dust.  The dust, con-
sidered coupled to the gas, evaporates completely and nearly in-
stantaneously at 1500 K [4].  Chondrules and microchondrules 
evaporate at identical, energy-limited rates when their tempera-
tures exceed their liquidus temperature of ~ 1820 K.  Vapor 
evaporated from the chondrule precursors is added back to the 
gas.   

Results and Discussion: We considered two cases: one in 
which all large solids are in chondrules, and one in which half of 
the mass of chondrules is replaced by microchondrules.  A key 
result from these studies is that microchondrules are present in 
the pre-shock region, where they significantly enhance the opac-
ity (by a factor of 15), but they evaporate in the post-shock re-
gion, and therefore do not contribute to the opacity or cooling 
rate there.  Cooling rates through the crystallization range are 
raised only slightly over the canonical case of [4], from ~ 10-20 
K/hr to 20-40 K/hr, still well within the range consistent with the 
meteoritic constraints on thermal histories.  The time spent at T > 
1300 K before the shock, however, is reduced to < 30 minutes. 

Conclusion: The inclusion of a simple size distribution of 
chondrules, containing “microchondrules” of ≤ 10 μm in radius, 
leads the shock model to match the last unmet constraint on 
chondrule formation. 
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