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ABSTRACT
The basic theory of the accretion process, while applicable to planets generally, is applied here to the asteroids as exam

ples. The approach velocity among early asteroidal particles in the solar nebula is estimated to be of the order 1 X 104 cm/
sec. Asteroids could grow to observed radii in this case in 108 years, assuming efficient sticking (earliest growth may have
been by another, non-accretionary process). The overabundance of the largest asteroids (d > 300 km) is attributed to two
factors: the capture cross-section begins to rise steeply at diameter about 140 km, and the asteroids become stable against
mass loss by even the highest-velocity impacts at diameter roughly 350 km. Larger bodies would grow rapidly, accounting
for the apparent overabundance of large asteroids. It is suggested that the mass distribution reconstructed by Anders, with
the three largest asteroids overabundant, was "frozen" when the growth process was interrupted, perhaps by disruption of the
solar nebula. Approach velocities have increased since the formation of the planets to the present value of a few km/sec, and
consequently asteroids smaller than about 300-km diameter have eroded during most of solar-system history.

In "Survey of Asteroids," Kuiper, Fujita, Gehrels,Groenveld, Kent, van Biesbroeck, and van Houten
(1958) determined the magnitude distribution among
asteroids and noted that the three largest bodies ap
peared to be overabundant with respect to the smooth
distribution for other sizes. They suggested that the
occurrence of these marked a "separate phenome
non," perhaps dividing the asteroids into two classes,
"original condensations and collisional fragments."

Anders (1965) has also argued that original "ac
cretions" still exist but that the division between origi
nal bodies and fragments occurs not among the larg
est asteroids, but among those of about 30-km radius
(g ~ 10), where a "hump" in the (log-log) radius
distribution occurs. This hump is reconstituted by
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Anders into an initial bell-shaped distribution, not
characteristic of a fragmentation process. The situa
tion is illustrated in Figure 1. Anders' conclusions are
supported in a study by the writer (Icarus, 8) show
ing that a certain number of collisions, reasonable
on several physical grounds, would transform the
bell curve to that which is presently observed.

Two questions remain: why the very largest as
teroids, with radii greater than about 150 km (Ceres,
Pallas, and Vesta; 390-, 245-, and 200-km radii, re
spectively), should be overabundant, and why the
radii of the smaller ones were apparently optimized
at 30 km (with an uncertainty of roughly a factor
1.5).

This paper investigates the accretion process with
the aim of answering these two questions. The results
can be applied, with modifications, to the general










