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I DON'T BELIEVE ALL THE IRREGULARLY SHAPED SMALL BODIES IN THE SOLAR SYSTEM ARE 
THE RESULT OF COLLISIONS; by William A. Oran, AlliedSignal Technical Services Corp., Lanham 
Md., 20706, phone 301 -805-301 3 

This synopsis discusses an alternative to the currently accepted source of irregularly shaped 
small bodies in the solar system. The alternative is that these shapes may be the result of 
solidification phenomena. This alternative was deduced based in part on a study of the shape of 
these small bodies ("radius" < 100-200 km) versus their size and in part on calculations of 
phenomena representative of the solidification of these bodies in space. Finally a suggestion is 
made on the use of these bodies to possibly infer some parameters associated with the early 
solar system. 

DISCUSSW AND CONCUIEWNS 

Some of the more fascinating phenomena in astronomy are associated with small bodies in the 
solar system. Indeed, there is a strong interest in these bodies "because they contain so much 
important information about the early periods of the evolution of the solar systemu (ref. 1). 
The shape of these small bodies is also an interesting study with their morphology generally 
assumed to have resulted from the interplay of two basic collision phenomena: fragmentation and 
accretion. As part of the data for this investigation, a study was made of the smaller bodies of 
the solar system, including Phobos and Gaspra, for which reasonable photographs have been 
made(for example refs. 2-5). Although this extended abstract precludes the display of the 
resultant photomontage, the change in shape from a sphere as the characteristic size (radius) 
decreases from - 100 - 200 km is striking. 

Several groups have investigated potential changes in the shape of these smaller bodies and noted 
that the self-generated gravitational force may not be enough to maintain spheriodicity below a 
characteristic radius of - 100 km. In a study of icy satellites, this may be due to the low 
material strength of the body assuming that the material are "mostly weakly consolidated 
aggregates" (ref. 6). In the case of predominantly rocky bodies, other mechanisms could force 
these smaller bodies into non-spherical shapes especially during the solidification process. 
The most likely mechanism is the shrinkage in volume as the body solidifies from a possible 
superheated state to a solid at the cool temperature of its local environment. Assuming a cooling 
by radiation into space, the outer surface of the body would initially solidify into a skin. 
Calculations on the solidification front (analogous to those of ref. 7), assuming a radiation into 
cold space, yield an initial inward velocity of - 0.000002 mls which is sufficient to generally 
overtake and engulf particles from the skin that may break off and move inward via Stokes 
settling in the body's weak gravitational field (assumed - 0.1 rn/s/s). Thus, the solidified skin 
should stay in place given the high viscosity of the melt (ref. 8). The slowing of the 
solidification front as it moves to the interior could allow Stokes settling resulting in a core 
andlor convective flow as the particles release their heat of fusion in the hotter interior; this 
could further distort the body's shape. 

This is a situation not unlike the shrinkage of a plum into a prune. Based on the thermophysical 
properties of rock, the reduction in volume could be as much as 25% (using, in part, the values 
in ref. 9). Assuming the initially solidified skin remains in place (i.e. the surface area remains 
constant), then a 25% reduction in volume can result in a very distorted shape from an 
initially molten sphere. This is indicated in Fig. 1 which present the cross-sections of two 
extreme limits due to a 25% volume change of an initial sphere (A) resulting in a fission-like 

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



1028 LPSC XXV 

I DON'T BELIEVE . . . ,  Oran, William A. 
shape (B) andlor a cylinder (C); the surface area is constant in all 3 cases. Even a 10% 
volume reduction during solidification can be shown to potentially result in bodies that have 
large shape modification from a sphere. (Note, on the other end of the scale for bodies less than 
a mm, while volume reduction is still present, the force of surface tension would again drive a 
solidifying body into a spherical shape.) 

(B) REDUCED VOLUME SPHERE 

(A) ORIGINAL 
SPHERE 

(C) REDUCED VOLUME CYUNDER 

Figure 1. Cross-sections of extreme shape changes of a sphere where the surface area remains 
constant, but the final volumes are reduced by 25%. 

In conclusion, it is assumed that the unusual shapes of small bodies of the solar system are the 
result of collision phenomena: fragmentation andlor accretion. An alternative explanation has 
been deduced in this paper that may also create these unusual shapes, namely it may be due to 
the basic solidification phenomena of volume shrinkage. This explanation is not being proposed 
as a replacement for the generally accepted theory, but rather as an alternative that may be 
equally valid depending upon the history of an individual body. However, if the shape of a small 
body in the solar system can be inferred to be caused by solidification phenomena, then it may 
also be possible to infer some of thermal parameters (such as peak temperature and cooling 
rates) of the early solar system in the general orbital location of that small body. 
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