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RADIATIVE HEATING AND THE SIZE DISTRIBUTION OF PRE-CHONDRULE 
AGGREGATES OF DUST; D. D. Eisenhour and P. R. Buseck, Departments of Geology and 
Chemistry, Box 871404, Arizona State University, Tempe, Arizona 85287, USA. 

Introduction: The size distributions of chondrules vary among the major chondrite groups, with 
mean diameters ranging from -0.15 to 1.0 mm and minima between -0.03 and 0.25 mm [1,21. A possible 
explanation for the narrow size distributions of chondrules is their formation from aggregates of dust by 
radiative heating [31. In the presence of -0.3- to 8 - p  EM radiation, smaller dust aggregates are 
heated less efficiently than larger aggregates. This selective heating may be responsible for the 
paucity of small chondrules within chondrites. Small dust grains and grain aggregates could have 
existed within chondrule formation regions but escaped melting because of their inability to efficiently 
absorb light. If chondrule sizes are the result of radiative heating, then the size distributions of pre- 
chondrule aggregates of dust can be inferred by deconvolving the effects of radiative heating from 
observed chondrule size distributions. The dust-aggregate size distributions determined by such 
deconvolution are found to be in good agreement with those predicted by models of dust agglomeration 
within the early solar nebula. 

Methods: To estimate the size distributions of pre-chondrule dust aggregates the following 
simplifying assumptions were made: 1) all chondrules, regardless of size, have a comparable range of 
solidus temperatures; and 2) the radiative flux incident upon aggregates has a linear falloff with 
radial distance r from the heat source. The latter condition corresponds to radiative emission from an 
infinitely long column (e.g., an electrical discharge channel). Using numerical methods described by 
Eisenhour et al. [3,41 the peak temperatures of dust aggregates were determined as a function of size 
(Fig. 1) for heating by -3000 K blackbody radiation. By integrating out to a radial distance at which 
the flux is just sufficient to produce melting (-1500 K), the relative volumes of space in which 
chondrules of various sizes would be formed were determined from Fig. 1. For example, aggregates in 
the size range lo4 to 1@ p are melted out to approximately equal distances from the source and, 
therefore, within comparable volumes of space. Aggregates having sizes near 102 pm, however, are 
only melted within a small region of space directly adjacent to the emitting source. 

Pre-chondrule dust-aggregate size distributions were determined by dividing the chondrule 
distributions from Bjurbole [5] and Allegan [61 by the heating-volume versus aggregate-size 
relationship determined from Fig. 1. The resulting dust-aggregate size distributions can be closely 
approximated by exponential functions with coefficients of -2.66 and -3.63 for Bjurbijle and Allegan, 
respectively (Fig. 2). The distributions in Fig. 2 have been scaled such that the ordinate corresponds to 
the number of aggregates within 1 km-3 of the nebula assuming a dust to gas mass ratio of -0.06 (i.e., 
-lox solar), a gas density of -5 x g ~ m - ~ ,  and a density for solids of 3.2 g uxr3. 

Discussion: The dust-aggregate size distributions required to produce the chondrule distributions 
in Allegan and Bjurbole by radiative heating are similar to those predicted by Weidenschilling and 
Cuzzi [7] for dust agglomeration within the solar nebula (Fig. 2). The size distributions of 
Weidenschilling and Cuzzi were produced by assuming turbulence with a velocity of 1@ cm sec-l 
through the thickness of the nebula at a radial distance of 1 AU. (For comparison with the Allegan 
and Bjurbiile dust distributions, the aggregate diameters from [71 have been modified to correspond to 
objects having approximately chondrule densities). 

The size-selective melting of dust-aggregates by 0.3- to 8 - p  radiation provides an explanation 
for chondrule sizes that is in agreement with agglomeration models. If all dust aggregates, regardless 
of size, were heated to comparable peak temperatures, then either pre-chondrule-formation or post- 
chondrule-formation sorting must be invoked to explain chondrule sizes. There is little theoretical 
support for the former and little observational support for the latter; 
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Fig. 1. Peak temperature versus chondrule size for 
heating by 3000 K blackbody radiation for lo4  
seconds. T,,lt is the melting range of typical 
chondrules. Curves represent heating at different 
distances from the light-emitting source (e.g., 
W=l corresponds to heating directly adjacent to 
the source, whereas, W=0.8 corresponds to heat- 
ing at a distance where the radiative flux is only 
80% of that at the source). 

Fig. 2. A comparison of dust-aggregate size 
distributions predicted by agglomeration calc- 
ulations [7] and by radiative heating. Solid curves 
correspond to size distributions calculated for dust 
agglomeration in a turbulent solar nebula. Dashed 
curves are dust distributions determined for 
Allegan and Bjurbole. The numbers on solid curves 
represent distances above the nebular mid-plane 
in units of scale height. 
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