
LPSC X V I I I  1077 

FACTORS CONTROLLING EARLY RUNAWAY GROWTH OF PLANETESIMALS: G. W. 
Wetherill, Dept. of Terrestrial Magnetism, Carnegie Inst. of Washington, 
Washington, D.C. 20015, and G. R. Stewart, Dept. of Applied Mathematics, 
Univ. of Virginia, Charlottesville, VA 22701. 

The time scale for growth of planetesimals into terrestrial planet 
"embryos" g) and giant planet cores g) is strongly dependent 
on whether or not gravitational runaway occurs within a planetesimal 
accumulation zone. Some previous workers have found that no early runaway is 
to be expected (1,2) whereas others have concluded otherwise (3,4). 

Our earlier work on this problem has been extended to investigate more 
thoroughly the conditions under which runaways take place. These calcula- 
tions confirm earlier conclusions (1,2) that no runaway is to be expected 
under the assumptions made by these workers. On the other hand a number of -- 
probably important factors, most of which were not included by these authors, 
are all found to favor early runaway. These are: 

(1) Lowering of the eccentricity of the largest bodies by "dynamical 
friction" . (5,6) 

(2) Lowering of relative velocity when both gas drag and collisional 
damping are included. - 

(3) Enhancement of the gravitation cross-section to a QR' dependence 
for values of the ratio of relative velocity escape velocity :0.15. (7) 

(4) Planetesimal "seeds", i.e. a discontinuously large planetesimal 
at the high mass end of the initial swarm. (4) 

(5) Spontaneous generation of seeds by stochastic merger of large 
planetesimals of similar mass. 

(6) Fragmentation, accompanied by damping of relative velocities of 
dust by nebular gas and planetesimal atmospheres, leading to enlargement 
of gravitational radii to a significant fraction of the Hill sphere of the 
largest body. (8,9) 

When all these phenomena are included, runaways appear likely to be the 
rule, not the exception. This raises a problem with regard to the relative 
growth rate of the asteroids and Jupiter core embryos. If large numbers of 
runaway 1026-1~27 g asteroidal bodies are formed, itis by no means clear.that 
they can be removed by collisions or by perturbations by Jupiter-scattered 
planetesimals, if the constraint is imposed that the residual asteroid belt 
have the modest eccentricities and zoned structure observed at present. A 
solution may be an external contribution to gravitational pumping (lo), 
possibly caused by somewhat earlier runaway growth of icy planetesimals in 
the Jupiter region, or by nebular phenomena. It is found that inclusion of 
a moderate external source (e % can retard runaway growth considerably, 
and this may have limited asteroidal sizes to ~1024 g. 
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