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Petrological evidence ( 1 )  has shown that the Moon differentiated fol- 
lowing its accretion to form an anorthositic gabbroic outer shell (the high- 
lands). Geochemists (2,34) have demonstrated from the systematics of the ra- 
dioactive isotope age determinations that the initial differentiation took 
place 4.4 by ago also producing basalt source regions - the later extrusion of 
the mare basalts occuring by closed system melting. Geophysical arguments (5) 
concerning the formation of mascons demand horizontal transfer of mass, i.e. 
magma, during this process. It has been concluded from these various require- 
ments that the initial process of differentiation resulted also in a basalt 
rich olivine shell beneath the anorthositic highland shell (6). Were this the 
only evidence concerning the early evolution of the Moon, it would be correct 
to postulate that only the outer part of the Moon was melted early as many 
have done (7) and to suppose that the heat required was that released in the 
final stages of accretion (8). 

However the evidence from the remanent magnetization of the Apollo sam- 
ples (9) and of the lunar crust, inferred from magnetometer traverses on the 
surface, subsatellite magnetic surveys (10) and magnetic anomalies inferred 
from the reflection of solar wind electrons (I]), increasingly demands the 
existence of a lunar magnetic field of 'internal origin between 4.0 by and 3.2 
by ago. It has been shown that in spite of these magnetic anomalies, the pre- 
sent dipole magnetic field is less than 0.05 Y at the surface (12). This fact 
that the present dipole moment is negligible is paradoxically strong evidence 
against the hypothesis of an external magnetizing field and in favour of the 
existence in the early Moon of a'field generated internally (13). Although an 
interesting attempt has been nade to construct a theory of this lunar magnetic 
field on the hypothesis that the deep interior remained cold and was therefore 
able to retain a remanent magnetization acquired from solar nebula magnetic 
fields (14), this has foundered because of the high palacointensity values 
(about I G) found from the oldest Apollo samples (4.0 by) (15). The generation 
by a dynamo process of these strong magnetic fields in such a small core 
should not be regarded as implausible. If the magnetic Reynolds number, which 
is proportional to radius, is exceeded any strength of field is, in principle, 
possible. The Joule heat disapated in the core must be less than the radial 
heat flux times the thermodynamic efficiency. For such high toroidal current 
densities, the heat flux is a few times greater than present planetary thermal 
fluxes (but not orders of magnitude greater) (16). The existence of strong 
heat sources in the early moon is thus required. Rapid cooling of the deep in- 
terior of the Moon from an initially molten state, which would occur because 
of the strong dependance of creep viscosity on temperature, is important in 
this conn2ction. Evidence for such a rapid cooling is the thickening of the 
lithosphere between the formation of the circular mare basins (4.1 - 4.0 by) 
and their filling by magma, required by the theory of mascons. 

Consequently, petrological, geochimical and geophysical evidence taken 
together requires that the entire Moon was differentiated by melting a few 
100 my after its formation (6). The heat source which was responsible for this, 
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is not yet conclusively demonstrated. While it was thought that only the outer 
shell of the Moon was melted early, it could be plausibly argued that the e- 
nergy released in accretion was sufficient. Electromagnetic heating has been 
suggested (17) but appears most effective in small bodies like the meteorites. 
Short lived radioactive isotopes are therefore of considerable interest and 
recently their relative effectiveness in the initial heating of the Moon have 
been discussed (18). It appears that of them ~ 1 2 6  is the most important and 
the evidence for its original existence in the Allende meteorite (19) is thus 
highly significant. But if ~ 1 2 6  is appealed to for the early melting, its 
short half life sets stringent limits to the accumulation time of the solar 
system. A possible alternative is heating resulting from the accumulation of 
the Moon within a gas sphere. T conclude that the well documented history of 
the Moon in its first 1.5 by, available for no other planet, is crucial to 
the understanding of the origin of the solar system, as Urey (20) has always 
maintained. 
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