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Thermal evolution models are limited in their ability to reproduce ther- 
mal history events, such as intervals of vulcanism, present surface heat 
flow, and attenuation of seismic signals at depth, by the initial thermal 
conditions which are used, especially in thermal models which use only con- 
duction and liquid-state convection as internal heat transport mechanisms. 
For the Moon, it has been shown by several authors (1,2,3,4 and others) that 
considerable differences in both the present day thermal profiles and the 
intermediate thermal profiles can be generated by merely postulating differ- 
ent initial thermal states. 

The consideration of solid-state convection as a heat transport mechan- 
ism does not alter the importance of the initial thermal state to the model- 
ing of the thermal evolution of a body. While the solid-state convection 
process is so efficient at getting rid of heat that low, steady-state temper- 
atures are quickly reached in a body regardless of how it starts, whether or 
not this process begins and what modes of convection are important depend on 
the initial thermal conditions. Hence, the connection of the initial thermal 
conditions with the physics of a theory for the origin of a body under con- 
sideration is of primary importance for the understanding of the thermal evo- 
lution of the body. 

The initial thermal conditions depend, of course, upon the details of 
the origin of a body. For example, for the Moon, it is important whether it 
formed rapidly or slowly, and whether it formed in orbit about the Earth, was 
fissioned from the Earth, or was captured. Past models for obtaining the 
initial thermal state of the Moon (e.g., (5)) have attempted to account for 
some of these factors, but have some drawbacks. The initial temperature pro- 
files have assumed an accretionary origin for the Moon, with minute bodies 
accreting onto a much larger proto-moon, and with spherically symmetric den- 
sity, heat source and accretionary heat distributions. Dynamical arguments 
(6,7) do point to the coagulation of the Moon in orbit about the Earth as 
being the most likely lunar origin process, but with some important differ- 
ences from the accretionary models to date. In these dynamically plausible 
theories, a relatively few sizable planetesimals and moonlets, and a whole 
distribution of other sized objects, constitute the stage just prior to 
lunar formation (6,8,9,10). A similar prediction is made concerning Earth 
formation (11). The sizes of these planetesimals and moonlets, and the lar- 
gest of the other objects, relative to the proto-moon should be consid- 
erable, and therefore, collisions between them and the proto-moon should not 
be considered as small-body accretion events. In addition to these massive 
collisions, there was probably considerable bombardment by high velocity ob- 
jects from outside the Earth-Moon system (12). The large-scale local heating 
associated with these events, coupled with the fact that there were undoubt- 
edly only a finite number of such large-body collisions, would lead to an 
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initial temperature profile which is not spherically symmetric, and which 
could produce extensive melting in the outer layers of the Moon without in- 
voking the short accretion times which are inconsistent with the dynamical 
models. 

The presence in lunar history of large-scale impact events is attested 
to by the several giant impact basins which dominate the lunar surface ter- 
rain. Evidence for asymmetries in the thermal evolution of the Moon, as well 
as asymmetries in density, distribution of radioactives, etc., abound in the 
literature. Large-scale impact events are also found on the other terres- 
trial planets, and undoubtedly the initial thermal conditions are similarly 
dominated by these events. 

The problem of accounting for the effects of the large-body impacts is 
solved by a statistical approach, using the descriptions of conditions in 
the circumsolar zone of planetesimals around the Earth's orbit, and the cir- 
cu~terrestrial belt of moonlets and planetesimal fragments, derived by 
Harris (7), and the properties of the bodies perturbed into the Earth-Moon 
system by Jupiter, derived by Kaula and Bigeleisen (12), to specify likely 
bombardment histories for the Moon. The bombardment is considered to be made 
up of innumerable small-body impacts, and a finite number of large impacts 
for each of the three classes of objects. The dividing line between large- 
body events and small-body events is defined as that size (or energy) at 
which the thermal pattern produced by impacting on the Moon is smaller than 
the computational grid size to be used in the global thermal analysis. Sev- 
eral large body bombardment histories are generated by randomly sampling the 
velocity and mass distributions characteristic of each zone, and each his- 
tory is used to construct a Moon, treating the smaller impacters as an en- 
semble spread evenly throughout the accretion interval and the high energy 
impacters as individual cratering events. The energetics of the small-body 
accretion is treated in the classical sense of balancing the gravitational 
energy input with the energy radiated away plus the temperature rise in the 
deposited layer. The large-body impact effects are modeled after O'Keefe 
and Ahrens (13). The temperature profiles from the several lunar construc- , 
tions are averaged to obtain the most probable initial thermal profile, using 1 
the alignment of the resulting maximum axis of inertia with the Earth as a 
reference direction. I 
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