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GROWTH OF PLANETESIMALS IN THE ASTEROIDAL BELT; G.W. Wetherill, 
Department of Terrestrial Magnetism, Carnegie Institution of Washington, 
Washington, D.C. 20015 

Understanding the formation of the asteroidal bodies is central to 
planetary science. The great depletion of matter in this region of the solar 
system is most plausibly attributed to the formation of Jupiter, thereby 
intimately linking such fundamental questions as the time scales for the 
growth of the cores and envelopes of Jupiter and the other giant planets and 
the removal of gas from the solar nebula. Moreover, the record of this epoch 
in solar system history is preserved in meteorites of asteroidal origin, 
thereby providing a unique opportunity to relate theories of solar system 
formation to laboratory observations and experiments. 

The present investigation addresses one specific aspect of asteroid 
formation, the growth of ~ 1 0 0 0  Km diameter bodies from much smaller planet- 
esimals. In previous work (1,2) at 1 A . U .  it is found that for a plausible 
range of assumptions, runaway growth of 3 (lunar-size) bodies from 
10 - 20 Krn diameter planetesimals occurs spontaneously on a time scale of 
%lo5 years. At 2.5 A . U .  similar calculations show that runaway growth of 
$112 Earth mass bodies takes place in 4 X 105 years for the same initial 
size distribution. On the other hand, circumstances have been found whereby 
asteroidal growth can be limited to bodies of present asteroidal size: 
modest perturbations that permit the largest bodies to reach eccentricities 
of ~4 X in lo6 years, or larger initial sizes (~40 Km diameter) expected 
to result from dust layer instabilities at 2.5 A . U .  (3), together with a 
mechanism for removal of asteroidal fragmentation products, e.g. outflow 
of collisional dust along with nebular gas. 

These processes are facilitated by rapid growth of Jupiter. With ~ 1 5  Km 
initial bodies, and the nebular surface densities assumed by Lissauer (4), 
runaway growth of a ~ 1 0  Earth mass Jupiter core is found to occur in 3 X lo5 
years. 120 Km dust layer instability bodies will run away in %lo6 years if 
an initial seed of ~ 2 0  times the mass of the second largest bodies is present 
The runaway Jupiter core could then trigger collapse of nebular gas (5,6), 
followed by rapid growth of a massive Jupiter, and perturbation of the aster- 
oidal region and adjacent portions of the outer solar system. Whether or not 
these perturbations will be sufficiently effective to counteract the tenden- 
cy of the asteroidal perturbations to remain in phase, or to control growth 
of the giant planets (7) will require further investigation. 
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