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MULTIPLICITY OF CHONDRULE HEATING EVENTS AND THE 
COARSENING OF CHONDRULE TEXTURES. John T. Wasson, Institute of 
Geophysics and Planetary Physics, University of California, Los Angeles, CA 90024, 
USA. 

Our studies of compound chondrules show that most chondrules experienced at 
least two thermal events that produced appreciable amounts of melt. I suggest that 
chondrules were subjected to a hierarchy of brief heating events, the number increashg 
exponentially with decreasing intensity, and that some of intermediate intensity 
deposited enough heat to partially melt mesostasis glass and promote the growth of 
mafic mineral grains. This scenario can account for textures that require improbably 
low monotonic cooling rates in laboratory simulations, and also for the rarity of glassy 
chondrule textures despite the ease with which these are produced in the laboratory [ I ] .  

Simulations of chondrule grain growth by Hewins, Lofgren and their coworkers 
indicate chondrule subsolidus cooling rates of 0.03-1 K s-1. Such slow cooling rates 
seem to require that chondrules be immersed in a thermal blanket at the time of their 
formation. Sahagian and Hewins [2] showed that a 1000-km thick opaque nebular 
cloud would be an adequate blanket. 

There is increasing evidence that most meteoritic chondrules were subjected to 
more than one flash-heating event. Studies at UCLA (e.g., [3]) of compound 
chondrules imply that most chondrules experienced two heating events of sufficient 
magnitude to melt appreciable fractions of the final assemblage. Chondrules are often 
surrounded by coarse-grained rims postdating chondrule formation [4]; these rims 
appear to have been coarsened by partly melting a fine-grained precursor rim, probably 
by the same process that melted chondrules. 

All mechanisms proposed to produce flash heating yield a hierarchy of intensity 
levels, either because of the natural variability in the energy source or because of the 
variable efficiency of energy transfer to the precursor material. As an example of the 
latter, the reheating of chondrules by radiant energy from lightning strokes will decrease 
with increasing distance from the channel of the stroke. Because lightning channels 
were far longer than the dimensions of a chondrule, the amount of radiant energy 
intercepted by the chondrule decreased linearly with distance from the bolt axis. 

Terrestrial lightning bolts reach temperatures of 30000 K and remain at 
temperatures above 5000 K for about 0.001 s. For modeling purposes I assume that 
the bolt radiates like a 5000-K black body for a period of 0.1 s, the longer duration 
allowing for the much more intense photon flux early in the bolt lifetime. I calculate that 
a chondrule located at the bolt margin, receiving the full flux and absorbing 5 O/O of it 
would absorb enough photons to increase the temperature of solid silicates by 1380 K 
(and, of course, to vaporize some of the assemblage). This is an upper limit since 
some of the energy would be reemitted during the 0.1 -s period. A chondrule at a 
distance 5X greater from the center of the bolt would receive a fluence 5X smaller, 
sufficient to raise the temperature 280 K; in this case the fraction of energy lost during 
the irradiation was probably negligible. The number of chondrules within this laager 
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cylindrical shell was 24X greater than that within the bolt. In addition there were 
probably other heating events that failed to generate temperatures high enough to melt 
large fractions of mm-size chondrules but were still sufficient to raise temperatures of 
preexisting chondrules to the range where appreciable crystal growth could occur. 

Petrographic observations at UCLA indicate that the mesostasis of highly 
unequilibrated chondrules is somewhat darker than that of phenocryst minerals; thus, 
the mesostasis would experience a greater degree of radiant heating. 

It seems possible that the average chondrule experienced hundreds of heating 
events sufficient to raise the temperature of the mesostasis to incipient melting. 
Although this predicts formation of a series of overgrowth layers, it is not clear that 
these could be resolved by microscopic or microprobe observations, since the 
anticipated gradient would probably be similar to that produced by fractional 
crystallization of a melt. 

Independent of the mechanism responsible for heating the chondrules, it is clear 
that the process was repeated in order to produce most non-sibling compound 
chondrules and to produce coarse-grained chondrule rims. It follows that there were 
other heating events whose record is more difficult to resolve, and that it is an 
oversimplification to model chondrule grain growth in terms of a single period of 
monotonic cooling following chondrule formation. 
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