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The effects of a dynamically plausible lunar origin (1,2) 
for the thermal evolution, and thence structure, of the moon 
are fairly evident: the short formation time of about 100 years 
after the last major disruption of the moon would have lead to 
significant heating of the outer bulk of the moon. A problem 
is the definition of "last major disruption": was it the last 
time an infall broke apart the moon into fragments of half a 
lunar mass or less, or the last time more than, say, five 
percent of the moon was blasted off? Certainly it was a much 
larger event than the 1034 ergs Imbrium impact, which made 
rubble of most of the outer shell but was insufficient to lift 
off any significant fraction of the moon. 

In any case, the main energetic inputs to lunar structure 
& composition came by infalls from outside the earth-moon 
system, accelerated by the earth's attraction. These impacts 
easily lead to volatile depletion, provided a solar wind was 
present to sweep away the volatiles before they could recon- 
dense on the moon. However, it is difficult to ascribe signi- 
ficant enrichment in plagioclase and depletion in iron to 
effects in circum-terrestrial orbit. In the accretionar'y 
model (1,2), only a minor fraction of swarm material ends 
spiralling into earth. A significant fraction of swarm matter 
might have been blasted by infall collisions into the earth or 
out the earth-moon system. However, the bulk of such matter 
would have been smaller fragments predominantly from the outer 
parts of planetesimals and moonlets, and hence this mechanism 
would have lead to plagioclase depletion. 

It therefore seems more plausible that the plagioclase 
and iron differentiations arose from a combination of prior 
differentiation in planetesimals and differing capture proba- 
bility of the earth and moon embryos for planetesimal fragments 
falling into the earth-moon system. Hence the moon (in common 
with achondritic, stony-iron, and iron meteorites) raisesthe 
problem of an energy source for differentiation in planetesimals. 
The most evident source is collisions, which must have occurred 
(otherwise, there would not be planets). Furthermore, the 
absence of a planet in the asteroid zone and the small size of 
Mars indicate that considerable high velocity matter was in- 
jected into the inner solar system by Jupiter perturbations. 
A scattering model (3) based on Safronov's theory for perturbed 
velocities (4) indicates that if 100Mg of condensed matter 
existed in Jupiter's zone when it reached a mass of lo%, a 
100 km radius planetesimal, for example, in the earth zone 
would have collided with its own mass of Jupiter scattered 
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planetesimals 15 km or larger in a mean time of only 30,000 
years, In addition, the excess kinetic energy (assuming the 
same mass distribution for both planetesimal populations) 
averages about 20,000 joules/gram, so less than 10 percent 
thereof needs go into heat for significant differentiation 
to occur. 

In collisions energetic enough to cause appreciable 
fracturing (say, more than 10 joules /gram comminution energy, 
or 100 joules/gram excess kinetic energy), the smaller fragments 
occur in the outer shell (5) leaving a larger central core. 
Hence in the products of collisions between differentiated 
planetesimals there is a correlation of density with fragment 
size: more of the plagioclase is in small fragments, and more 
of the iron in large. 

If the capture probability of fragments is more mass 
dependent for the lunar embryo or proto-lunar swarm than for 
the earth embryo, then differentiated fragments would lead to 
a moon enriched in plagioclase and depleted in iron. Such mass 
dependence is critically dependent on the size of planetesimals 
relative to the embryo moon or proto-lunar moonlets for the 
probability of both collision and reduction of energy to capture. 
A dependence purely on collision cross-section of the infalling 
body leads to spectacular differences of moon from earth captured 
matter (3). Because of the rapidity of lunar formation of the 
swarm compared to infall rate of planetesimals, a more moderate 
dependence on mass seems appropriate. 

Extension of Monte Carlo models of collision, heating, and 
scattering (3) to include differentiation and layering of 
planetesimals is needed to reconcile lunar composition with a 
dynamically plausible lunar origin (1,2). In any case, the 
drastic lunar depletion of refractory siderophiles such as 
Ir, Re, Os, Ru (6) favors planetesimal differentiation over 
condensation sequence dependent mechanisms as the explanation 
for lunar composition. The dynamical question then is how big 
some (or one) of these planetesimals must be to cause- signifi- 
cant difference in earth and lunar capture probability (7). 

REFERENCES 

(1) HARRIS, A. W. (1975) Origin the moon by binary accretion. 
In "Lunar Science VI" pp.xx-yy. The Lunar Science 
Institute, Houston. 

(2) HARRIS, A. W. and KAULA, W. M. (1975) A co-accretion model 
of satellite formation. Icarus, in press, 

(3) KAULA, W, M. and BIGELEISEN, P. E. (1975) Early scattering 
by Jupiter and its collision effects in the 

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



ORIGIN DYNAMICS AND LUNAR COMPOSITION 

Kaula, W. M. 

terrestrial zone. Icarus, in press. 
(4) SAFRONOV, V,S. (1972) "~volution of the Protoplanetary 

Cloud and Formation of the Earth and Planets" 
Israel Prog. for Sci. Trans., Jerusalem. 

(5) GAULT, D o  E ,  and WEDEKIND, J, A, (1969) The destruction 
of tektites by micrometeroid impact. J. Geophys. Res, 
v. 74, 6780-6794, 

(6) GROSSMAN, L. (1975) Chemical fractionation in the solar 
nebula. Proc. Soviet-Amer. Conf. Cosmochem. Moon & 
Plan., Preprint, The Lunar Science Institute, Houston. 

(7) KAULA, W. M. and HARRIS, A. W. (1975) Dynamics of lunar 
origin and orbital evolution. Revs, Geophys . Space 
Phys., v. 13, in press. 

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


