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Summary: A planetesimal setting for chondrule for-

mation is indicated by their solidification in dense, 
self-gravitating [1] swarms. Briefly put, if chondrule 
swarms were self-gravitating at formation, then the 
precursor materials would likely have been self-
gravitating as well, or close to it. Apart from this much 
broader debate, we here consider two sources of en-
ergy that self gravity makes available during pairwise 
planetesimal collisions, that have been proposed [2] to 
drive chondrule formation in the context of accretion, 
when colliding bodies are molten or partly molten.  
Binding energy is released when two spheres collide 

from great distance, with zero initial velocity, and 
merge into a compact body. The change in total (nega-
tive) binding energy, compared to the binding energy 
of the final planet, is γ5/3-(1-γ)5/3-1 where γ=m/(M+m) 
is the small mass divided by the total mass (assuming 
constant density ρ). The available energy is 37% of the 
final binding energy in a 1:1 mass ratio merger, and 
14% in a 10:1 mass ratio merger. 
Enthalpy becomes available when hydrostatic pres-

sure is unloaded from a splashed-apart planetesimal.  
ΔH~dP/ρ, assuming incompressible melt, where dP~P0 

~Gρ2R2 is the initial pressure. The characteristic P0 
inside of a 100 km diameter silicate sphere is about 
100 bars, and goes as the square of size. This becomes 
available to drive reactions and do work.  Seen to-
gether, the gravitational energy and angular momen-
tum available from a merger results in unbound or or-
biting material, while the release from hydrostatic 
pressure can drive reactions and processes within it. 
Chondrule formation. ΔH can be accommodated by 

vapor dissolution and outgassing, but these processes 
cannot occur without free surfaces (bubbles or drop-
lets). Thus in melted-body collisions, we expect that 
the limiting energy is the surface energy γ of the melt 
(or specifically that of the melt-vapor interface). From 
this simplified consideration we obtained [2] a rela-
tionship between the radius R of a disrupted planetesi-
mal, and the radius r of characteristic chondrules that 
would derive from its disruption and unloading. Equat-
ing P0 to the Laplace pressure 2γ/r across a droplet 
interface gives 

€ 

R =1 ρ 2γ /GrE , where E is the frac-
tion of the enthalpy taken up by surfaces. For a rather 
wide range of T and P, the surface tension of terrestrial 
melts is γ~400 dyn/cm, so we obtain a characteristic 
chondrule-forming planetesimal diameter ~10-100 km. 
This size is believed to be characteristic of early 
planetesimals and consistent with 26Al melting. 

The droplet swarm expands during hours to days (the 
collision timescale when vimp~vesc). Smaller droplets 
accrete and ‘ripen’, saturated in their outgassed vapor 
and probably intermingling efficiently with the proxi-
mal nebula. So the value of r used above is not chon-
drule radius, but precursor droplet radius. The  process 
of melt expansion into low pressure over hours ought 
to be studied directly using microgravity platforms. 
As common as accretion? In our planetesimal-

derived model for chondrule formation, the target ac-
cumulates a rain of chondrules (blue material below) 
that can be tens of meters to kilometers deep. Subse-
quent thermal processing is likely. In faster hit-and-run 
collisions the chondrules escape downrange, with dif-
ferent fates. Which scenario dominates depends on the 
dynamical excitation of the colliding planetesimals.  
A potentially serious problem with the model is that 

we do not yet observe many candidate igneous target 
basement rocks (red-yellow below) in meteorite collec-
tions. The model would therefore seem to imply, as 
with [3], that chondrites are the ‘window dressing’ on 
top of the ‘real stuff’ of the solar system. The simula-
tion below drapes a ~300 m layer of chondrules onto 
the target, and sends a fraction escaping into the neb-
ula. Subsequent mergers would add more layers. The 
characteristic chondrule-forming collisions may be 
larger scale, involving deeper layers. How big must a 
target be, and how deeply buried in chondrules, for us 
to seldom acquire its igneous basement rocks? We 
regard this as the fundamental question for planetesi-
mal-based models of chondrule formation to answer. 

 
Merger is never perfect: here a 30 km diameter planetesimal 
has been captured by a 70 km body, but a fraction of it is 
shredded into a sheet that unloads into the nebula [2]. The 
fallback forms a layer ~0.3 km thick. The target acts as a 
nozzle of sorts, and the projectile unloads into droplets. 
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