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A series of remarkable geochemical similarities exist be- 
tween the moon and the earth's mantle. Foremost among these are 
similarities in the abundances of indigenous siderophile elements 
(Ni,Co,Au,P,W,S,Se) between the parental magma of the lunar high- 
lands and terrestrial oceanic tholeiites (l), these magmas rep- 
resenting the most abundant types on their respective parent bod- 
ies. Corresponding similarities exist between the abundances of 
these elements in low-Ti mare basalts and oceanic tholeiites (2). 
It seems likely that these similarities extend to the respective 
source regions of lunar and terrestrial magmas. The abundances 
of many siderophile elements in the earth's mantle and terrest- 
rial basalts are far too high (X10 to X1000) to be explained by 
equilibrium partitions at low pressures into a metallic iron 
phase which subsequently entered the earth's core (2). These 
over-abundances are a consequence of complex partition equilibria 
which occurred at very high pressures, deep within the earth dur- 
ing segregation of the earth's core (3). These processes could 
not possibly have operated on the moon where the maximum pressure 
was only 47 kb, and where a metallic core is probably not present 
(4) or amounts at most, to*2% of a lunar mass. Moreover, the 
parental lunar highland crust magma and low-Ti basalts were not' 
saturated with metallic iron in their source regions (4). This 
latter characteristic, as well as measured metal-silicate part- 
ition coefficients for siderophile elements (e.g. 2,5), demon- 
strate that the lunar siderophile element patterns could not pos- 
sibly have been established within the moon or in an earlier gen- 
eration of small differentiated bodies in which metallic cores 
had separated (6). Nor can the lunar siderophile and volatile 
element patterns be explained by cosmochemical fractionation pro- 
cesses within the solar nebula prior to accretion (2). The sim- 
ilarity of lunar and terrestrial siderophile element abundance 
patterns therefore implies that the material now constituting the 
moon was derived from the earth's mantle after the earth's core 
had formed. 

A close genetic relationship between earth and moon is sup- 
ported by several other lines of-evidence: (a) Apart from the 

- 

two most volatile components (Na20 and Si02), the major element 
composition of the parental magma of the lunar highlands was al- 
most identical to that of primitive terrestrial oceanic thol- 
eiites (7). This similarity extended to involatile trace element 
abundances such as the REE and Sc (7). (b) Oxygen isotope com- 
positions of the moon and earth are identical (8). (c) Single- 
stage lead isotope growth curves for the moon and the earth's 
mantle record essentially the same model age (4.4-4.45 b.y.) 
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which is significantly younger than the age of the solar system 
as given by meteorites (9). (d) Lunar breccia 60025 contains 
significant amounts of tightly trapped xenon of terrestrial iso- 
topic composition (10). Whilst it is known that such trapping 
can occur during fine grinding of lunar breccias in air, the sam- 
ples analysed were chips, not ground powders. Moreover, sample 
60025 contains anomalously high amounts of other volatile ele- 
ments which are certainly of lunar origin (ll), suggesting that 
the xenon in this rock may also be indigenous to the moon. 
(e) Lunar and terrestrial heat flow data imply similar abundances 
of U and Th in the earth's mantle and in the moon (12). (£1 The 
density and seismic velocities of the lunar upper mantle are sim- 
ilar to those of the terrestrial upper mantle (13,14). 

The above evidence justifies the inference that the moon 
was somehow derived from the earth's mantle. The drastic deple- 
tions of many volatile elements in the moon compared to the 
earth imply that this separation occurred at very high tempera- 
tures. Depletions of this magnitude are best explained by the 
author's hypothesis (15,16,17) that material from the earth's 
mantle was totally evaporated, and then selectively recondensed, 
whilst the more volatile components were lost. It does not ap- 
pear possible to explain the near-complete loss of many volati- 
les by surface evaporation from large volumes of solid or liquid 
material, since such processes are intrinsically inefficient. 

The above hypothesis obviously requires a large source of 
energy to evaporate silicates from the mantle and place them in- 
to earth orbit. Ringwood (14,15) suggested that this was accom- 
plished by: (a) a high initial rotation rate of the earth, 
(b) energy of core formation in the earth and (c) heating of the 
outer parts of the earth caused by rapid accretion. Hartmanhand 
Davis (18) and Cameron and Ward (19) have suggested that the 
moon was formed from material splashed off the earth by large 
impacts during the final stages of accretion, after the core had 
formed. This is a special (but more plausible) case of mechan- 
ism (c) above. 

It is believed that a combination of all three processes 
was required to form the moon. After core-formation the surface 
temperature of the earth was probably about 1500°C, i.e. well 
above the solidus (15). The impacts of large planetesimals (e.g. 
0.2 lunar mass) at near-escape velocities into this molten near- 
surface layer would evaporate several times their own masses of 
terrestrial material. However, only a small part of the pro- 
jectiles would be evaporated because of their low initial temp- 
erature and higher densities. The evaporated material would po- 
ssess appreciable electrical conductivity because of limited 
thermal ionization. In the pres%nce of the terrestrial magnetic 
field (perhaps more powerful thekrnow because of strong convec- 
tion in the core immediately following its formation), the evap- 
orated material may have become hydromagnetically coupled to the 
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earth and spun out into a disc. If the angular momentum of the 
moon is incorporated into the earth, the combined body would ro- 
tate with a period of 4 to 5 hours, a period consistent with the 
original angular momentum densities in the Jupiter and Saturn 
planet-satellite systems (20). Thus, the transfer of angular 
momentum and rotational energy from the earth to the evaporated 
material also played an important role in the process. 

It seems likely that the proto-lunar material was derived 
in this way from more than one (perhaps several) large impacts 
on the surface of the earth during the late stages of accretion. 
These may have occurred immediately after core-formation around 
4.45b.y. ago, thereby explaining the young U-Pb model ages both 
of earth and moon (9). (Impacts prior to core-formation would 
not have evaporated material from the earth's surface because the 
surface temperatures were far lower. Moreover, the magnetic 
field required to transfer angular momentum from the earth to the 
evaporated gases would not have been present). The evaporated 
material was selectively recondensed to form a sediment ring of 
earth-orbiting planetesimals under conditions where the more vol- 
atile components, condensing further away and at lower temper- 
atures as micron-sized smoke particles, were blown away by the 
early, enhanced solar wind. The moon then formed by coagulation 
of this sediment-ring, initially in the equatorial plane of the 
earth. Subsequent migration out of the equatorial plane occurred 
as the result of later impacts on the moon, combined with tidal 
evolution (21) . 
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