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Previous studies of asteroid collisional evolution (1) have shown that 
the present-day belt could result from many initial populations including 
those much more massive than the currently observed distribution. Based on 
the interpretation of Chapman (2) that S objects are the exposed cores of 
fragmented parent bodies, it was argued-that the original best was substan- 
tially more populous (by a factor of -300 at -100 km diameter) than the 
presently observed belt; however, the number of large Ceres-sized bodies was 
found never to have been substantially greater than it is today. Since these 
early studies there has been a considerable increase in the observational data 
on the asteroid size frequency distribution. This additional data has led to: 
(i) improved definition of the size frequency distribution as a function of 
compositional class, i.e., for carbonaceous C types, silicaceous gtypes, and 
for metal-rich g types; and (ii) an extension of the distributions to smaller 
diameters. In a recent review paper Zellner and Bowel1 (3) give a bias- 
corrected - C population down to 50 km diameter and a combined S & ! population 
to 25 km. This paper discusses some implications of these further observa- 
tions on the collision evolution models and presents further results based on 
an improved and expanded model of the collisional evolution of the asteroid 
belt. 

The observed small diameter slope of the C population (Figure 1) is less 
steep than previously believed; an observation which was quite difficult to 
interpret based on our earlier computer models which almost invariably yielded 
steeper slopes for the small diameter size frequency distribution than is 
observed. This result was obtained from a wide variety of initial conditions 
and values of evolution parameters. An improved model for the physics of the 
catastrophic fragmentation process lead to an immediate resolution of this 
difficulty. A key parameter in collisional evolution is the size of the 
largest fragment Mg resulting from a catastrophic collision. The largest 
fragment is calculated based upon the dominant cohesive force binding the body. 
If mechanical strength is largest, then the largest fragment is found using 
the kinetic energy/gram involved in the collision and is scaled from labora- 
tory results of Gault and Wedekind (4) and Hartmann (5). If the gravitational 
binding energy is dominant, then for every catastrophic collision there will 
be other less energetic collisions that are capable of rupturing the mechani- 
cal bonds yet have insufficient energy to disperse the fragments, i-e., a 
process akin to the formation of an extensive megaregolith. In this case 
when a catastrophic collision eventually occurs the largest fragment will con- 
tain only a small fraction of the original mass. When the two cohesive ener- 
gies are comparable in magnitude an average of the two extreme models is 
adopted in our model. 

Figure 1 illustrates the collisional evolution over 4.4 b.y. from a large 
initial input distribution of C-type objects. The evolved distribution now 
displays characteristics of the observed distribution, namely the shallow 
small diameter slope and the formation of a "bump" in the size frequency dis- 
tribution. The "bump" develops at the size where collisions become relatively 
frequent and the thoroughly fractured fragments are distributed at considerably 

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



COLLISIONAL EVOLUTION 

Davis, D. R., and Chapman, C. R. 

smaller sizes. However, there are not sufficiently frequent collisions at 
larger sizes to replenish the depleted population in this intermediate size 
range. The collisional strength of bodies appears to be a basic parameter in 
determining the collisional evolution of the population. The results illus- 
trated in Figure 1 are only obtained using material strengths characteristic 
of weak substances, while strengths comparable to that of terrestrial rocks 
tend to result in steeper small size slopes. 

Our numerical simulation was further extended to include the collisional 
evolution of a two-component system, i.e., a system containing two subpopula- 
tions having different physical properties which is collisionally evolving. 
This program was developed to investigate the mutual effects of C- and S-type 
objects and to determine if a small population of very strong S (or M) bodies 
significantly alters the C population. The initial 5 population was assumed 
to be a "bump" at a preferred size rather than a power-law distribution in 
order to simulate their formation as the iron cores of differentiated parent 
bodies; various initial distributions were input for the C population. It is 
found that the S population quickly develops a fragmental tail which is simi- 
lar to the observed size distribution. The assumed greater strength of 5-type 
objects precludes extensive evolution of the 5 objects unless very populous 
initial distributions of C types are involved. The 5 population is rather 
effective in fragmenting - C objects, particularly if the ratio of strengths of 
S to C is very large, i. e. , -lo4. Initial C populations become thoroughly - 
reduced and fall below the S population at diameters of several tens of kilo- 
meters, a result which is precluded by observations. It is characteristic of 
most cases that at small diameters the g population has a steeper slope than 
does the C population which results from the greater strength of 5 objects. 
If this trend continues to even smaller diameters than are considered in our 
simulations, the 5 population would become dominant below a certain "threshold" 
diameter. Also, the overall asteroid population would have a steeper slope 
below this threshold value, a result which is supported by results of the 
Palomar-Leiden Survey (6). See also (7). 

In summary, our revised collisional evolution model shows that many ini- 
tial populations do collisionally evolve to the current belt provided there 
are many collisions with the largest fragments containing (25% of the original 
mass. Two mechanisms are suggested for such complete fragmentation: (a) highly 
energetic collision when mechanical strength is important and (b) large-scale 
fracturing when gravitational binding energy is dominant. It must be admitted 
that the relatively simple collisional history that seemed implied by the 
earlier size-frequency data in (81, which was developed in the article by 
Chapman (9) , can no longer be regarded as correct. While our present models 
show that the new data can in some cases be reconciled with a model employing 
many of the main elements of the earlier interpretation (e.9. g-type objects 
as high-strength metallic cores and the asteroid belt as a remnant of a 
larger early population) , it is now clear that much more work is necessary to 
determine the probable collisional history of the asteroids. 
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Figure 1. Collisional evolution 
over 4.4  b.y. of an initial popu- 
lation of C objects substantially 
more populous than the present 
belt at intermediate and small 
sizes. The diameter increment is 
0.1 in log diameter and the error 
bar shows the estimated uncer- 
tainty in the current belt at 
50 k m  diameter. 
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