
THE EARLY STAGES OF PLANETESIMAL ACCUMULATION; G.W. Wetherill, DTM, 
Carnegie Institution of Washington, Washington, D.C. 20015, and G.R. Stewart, 
Dept. of Applied Math~matics, Univ. of Virginia, Charlottesville, VA 22701 

In modelling the accumulation of planetesimals into planets, it is appro- 
priate to distinguish between two stages: 

(A) An early stage, during which %10 km diameter planetesimals accumulate 
locally to form bodies %lo2' g in mass. During this stage, it is useful to 
treat the bodies as particles, analogous to gas molecules in the kinetic 
theory of gases. 

(B) A later stage in which the %lo2' g planetesimals accumulate into the 
final planets. During this stage it is likely that bodies will become well- 
mixed as a consequence of radial excursions and that "giant" impacts will 
occur. During this stage it is better to trace the orbital evolution of the 
larger individual bodies. 

Previous work on the early stage has been extended by use of new expres- 
sions to describe the changes in velocity of the bodies as a consequence of 
mutual gravitational perturbations, collisions, and gas drag. The contri- 
bution of one of these terms, "dynamical friction", has not been included in 
any earlier calculations, and all previous workers have neglected at least one 
of the other terms as well. 

In the terrestrial planet region, an initial planetesimal swarm corres- 
ponding to the critical mass of dust layer gravitational instabilities is 
considered. It is assumed these bodies have an initial exponential mass dis- 
tribution d~~Ce-m/modm where mo = 3 x lo1' (11.5 km diameter) and an initial 
relative velocity of 11 m/sec, and the gas density to be 1.18 x lom9 g/cm3. 
The continuous distribution is modelled as an assemblage of 10' bodies 
divided into 22 "batches", each batch containing bodies of equal mass dis- 
tributed over a zone of width Aa = 0.02 A.U. The size and velocity evolution 
of each batch is followed through successive time steps by calculating the 
effects of gravitational perturbations, collisions, gas drag, merger, and 
fragmentation. When appropriate, the effect of low velocities on the gravi- 
tational cross-section was included. 

For a continuous initial size distribution, as assumed by previous 
workers, an orderly growth is found, the early stage of accumulation ending 
when most of the mass of the terrestrial planet region is concentrated in 
Q3000 bodies ranging from g to %lo2' grams in mass at the time (%lob: 
years) that eccentricities rose to Q.01. 

"Runaway accretion", in which most of the mass of the zone becomes con- 
centrated in a single low eccentricity 2 g body in <lo5 years, was found 
to require a discontinuous initial mass distribution, i.e. a "seed" at the 
upper end of the distribution. The size of the seed required is somewhat 
dependent on the parameters assumed for gas drag and fragmentation. For the 
more plausible values, a "seed" 2 to 3 times the mass of the 2nd largest body 
is required. The presence or absence of such seeds is not at present pre- 
dictable. For this reason, it is permissible to speculatively entertain 
models in which volatile-rich seeds are formed beyond the "snow line" of the 
solar nebula at %5 A.U., but not in the asteroid belt and the terrestrial 
planet region. This could be a factor in facilitating the rapid growth of 
planetesimals of Jupiter and Saturn, despite the relatively long accumulation 
times conventionally associated with these large heliocentric distances. 
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