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Chondrule Size Distribution: Chondrules have a typical size
distribution between about a few tens µm to a few mm [e.g.,
1], though it is not clear what is the origin of chondrule size
distribution. Three possibilities can be considered as stages
when the size selection effects have occurred: (i) before the
chondrule forming event, (ii) during the chondrule forming
event, and (iii) after the chondrule forming event.

The shock-wave heating model is one of the most plausible
models for chondrule formation. Many authors have shown
that the precursor grain particles can melt, solidify, and form
chondrules by this mechanism. Moreover, this model natu-
rally includes mechanisms of size selection. The maximum
size of chondrules can be determined by the balance between
the drag force of ambient gas and the surface tension of molten
particles [2]. The minimum size of precursor grain particles
which can form chondrules exists, below which the grain par-
ticles evaporate completely in the postshock hot gas [3]. It is
very meaningful to reproduce the chondrule size distribution in
consideration of above effects and compare it with measured
chondrule size distribution. The purpose of our study is to
obtain conditions for reproducing chondrule size distribution
by shock-wave heating model.
Shock-Wave Heating Model: We assume that shock waves
are generated in the solar nebula and they are steady and plane-
parallel. The shock velocity vs and the number density of
nebular gas n0 are principal parameters in this study. This pro-
cedure is very similar to that adopted in [4]. We calculate the
postshock structure taking into account nonequilibrium chem-
ical reactions. Equations describing precursor grain evolution
in the postshock region are eq. of motion, md

dvd

dt
= −Fdrag,

eq. of energy, mdCd
dTd

dt
= Γgp − Λrad − Λevap, and eq.

of radius shrinkage by evaporation, ρd
dad

dt
= −Jevap, where

md, vd, Cd, Td, ρd, and ad are parameters of precursor grain
particle (mass, relative velocity against shock front, specific
heat, temperature, density, and radius, respectively), Fdrag,
Γgp, Λrad, Λevap, and Jevap are the gas drag force, the rate of
gas-particle energy transfer, radiative cooling, latent heat cool-
ing by evaporation, and evaporation rate, respectively. We set
the radius range of precursor grain particles from 0.01 µm to 1
cm and divide it into 600 bins. We calculate the grain evolution
of each bin and obtain final chondrule radius. We assume that
the grain particles form chondrules if the grain temperature
increases up to or exceeds 1800 K. We also assume that the
fragmented molten particles by the ram pressure [2] do not
form chondrules. Assuming initial grain size distribution, we
can obtain the chondrule size distribution formed through the
shock-wave heating.
Thin-Section Measurement: The majority of chondrule
size data has been derived from thin-section measurements.
The method has a bias associated with the measurement of
three-dimensional objects in two dimensions. A method for

correcting measured chondrule size distribution for the bias is
described in [5]. In our study, using this correcting method,
we virtually observe the calculated results of chondrule sizes.
Results for Power-law Size Distribution of Precursors: First,
we calculate the chondrule size distribution assuming that the
precursor grain particles have the power-law size distribution,
nd(apre) ∝ a−3.5

pre , where nd is the number density of grain
particles and apre is the radius of precursor grain particle. We
examine the chondrule size distribution formed through the
shock-wave heating for a wide variety of shock conditions (5
km s−1

≤ vs ≤ 20 km s−1, 1013 cm−3
≤ n0 ≤ 1015 cm−3).

The results (mean diameter) are shown in Table 1. From these
results, we conclude that if the size distribution of the precur-
sor grain particles is nd ∝ a−3.5

pre , it is difficult to reproduce
the chondrule size distribution in ordinary chondrites (OCs).
Chondrules in OCs have the typical mean diameter 300 - 900
µm. To reproduce them, large shock velocity (vs >

∼ 20 km
s−1) or high gas density (n0

>
∼ 1015 cm−3) are required, which

are not likely in Asteroid region.

Table 1: Formed chondrule mean diameter [µm]. The size dis-
tribution of precursor grain particles is assumed to be a power-
law form (nd(apre) ∝ a−3.5

pre ). The horizontal values mean the
shock velocity vs (km s−1) and the vertical values mean the
gas number density n0 (cm−3).

1015 356 568 324 48
1014.5 157 318 371 283 144
1014 94 149 269 341 380
1013.5 38 99 143 280 641 45
1013 32 100 134 359 129

8 10 13 16 20 30 40

Next, we examine the case in which the power-law index
of precursor size distribution is -2.0. Since this change leads
to a large fraction of large precursor particles, an increase in
mean diameter of formed chondrules is expected. As a result,
mean diameters of formed chondrules increase systematically.
However, the shape of size distribution differs from measured
one considerably. An example of formed chondrule size dis-
tribution is displayed in Figure 1. The left panel shows the
size distribution of measured chondrules in L3 chondrite [1]
and the right panel displays the calculated result with vs = 8
km s−1 and n0 = 1014 cm−3. It is found that the mean diam-
eter is relatively large. However, comparing two panels, one
can see that there are small chondrules in the calculated result.
Namely, calculated distribution does not have a narrow-ranged
shape like the measured data. With other shock parameters,
only broad size-ranged distributions are obtained.

From above results, we found that we cannot explain the
small size side of the measured chondrule size distribution by
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mechanisms at stage (ii) (during the chondrule forming event).
Results for Narrow-Ranged Size Distribution of Precur-
sors: It is found that the measured chondrule size distribution
is hardly reproduced from the power-law precursor size distri-
bution. To explain the narrow size distributions of measured
chondrules in OCs, which have relatively sharp cutoff at max-
imum/minimum sizes, it is strongly suggested that some size
selection mechanisms occur in one or both of two stages: (i)
before the chondrule forming event, and (iii) after the chon-
drule forming event. If some size selection mechanisms occur
before the shock-wave heating event, is it possible to reproduce
the measured size distribution? We suppose a narrow-ranged
size distribution as the precursor grain particles size distri-
bution shown in the left panel of Figure 2, and calculate the
chondrule size distribution with the shock velocity vs = 8 km
s−1 and the preshock gas number density n0 = 1014 cm−3.
The result is shown in the right panel of Figure 2. As one
sees, obtained chondrule size distribution is narrow ranged. It
is clear that this distribution is directly reflecting the precursor
grain particle distribution. Moreover, in this case, the effects
of the destruction by the ram pressure and the shrinkage by the
evaporation do not affect the final chondrule size distribution.
It is because that the critical diameter at which the molten grain
particle is fragmented by the ram pressure is about 6 cm, so
even the grain particles with size about the same as the largest
chondrules (a few mm) do not fragment. The minimum size
of precursor grain particle below which grain particle evap-
orates away in the postshock hot gas is about 5 µm, so this
effect does not affect the chondrule size distribution as well.
Thus, the shock-wave heating model can reproduce the chon-
drule size distribution in OCs with narrow-ranged precursor
size distribution.
Discussion: Another possibility for the narrow-ranged chon-
drule size distribution is the size selection after some chondrule
forming events. After chondrule forming events, formed chon-
drules must unite with other sub-micron dust particles (matrix
component) and grow to be chondrites. If some size selection
effects occur after chondrule formation and small chondrules
are removed away before being included in chondrites, chon-
drules in chondrites could have a narrow-ranged distribution.
Summary: We simulate chondrule formation by the shock-
wave heating. The physical processes that we take into con-
sideration in postshock hot gas are nonequilibrium chemical
reactions and the thermodynamical evolutions of precursor
particles, including the destruction of molten grain particle by
the ram pressure and the shrinkage due to the evaporation. We
find the following points:

• If the size distribution of precursor grain particles is
given by a power-law form between 0.01 µm and 1
cm, it is difficult to reproduce the size distribution of
measured chondrules in OCs. To obtain the relatively
large mean diameter of chondrules in OCs, large shock
velocity and high gas number density are needed.

• To reproduce the chondrule size distribution in OCs
with reasonable shock waves, some size selection mech-
anisms in the solar nebula before or after the shock-
wave heating are needed.

• Shock-wave heating with reasonable shocks can repro-
duce the chondrule size distribution in OCs. The effects
of the destruction by ram pressure and the shrinkage by
evaporation do not affect the final chondrule size distri-
bution, so the chondrule size distribution is almost the
same as the precursor grain size distribution.

• The size distribution of chondrules may reflect the pre-
cursor grain size distribution directly.
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Figure 1: Chondrule size distribution by measurement and
model. Left : measured data in Allan Hills A77011 (mea-
sured in thin section [1]), right : calculated results with vs =
8 km s−1 and n0 = 1014 cm−3. φ = − log

2
D, where D is

grain diameter in mm.
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Figure 2: Precursor size distribution (left) and calculated
chondrule size distribution (right). In the right panel, assumed
shock parameters are vs = 8 km s−1 and n0 = 1014 cm−3.
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