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LUNAR SIDEROPHILE SIGNATURE AND ITS GENETIC SIGNIFICANCE 
A.E. Ringwood and S. Seifert, Research School of Earth Sciences, Australian National 
University, Canberra, 2601. 

The formation of a metallic core within a planetary body generates characteristic 
depletion patterns of siderophile elements in the mantle of the planet. It is seen in Fig. 
1 that the abundances of moderately siderophile and involatile elements such as Cr, W, P 
and Co are remarkably similar in the lunar and terrestrial mantles, whereas highly 
siderophile and involatile elements such as Mo and Re are strongly depleted in the lunar 
mantle. These relationships are readily explained if the Moon had been formed largely 
from material ejected from the Earth's mantle (1) followed by the segregation of a very 
small metallic core within the Moon (2). We have extended this comparison to include a 
group of siderophile elements (Ga, Cu, Sn, Ge, As) which are also relatively volatile. It 
is well known that the Moon is depleted in volatile elements as compared to the Earth's 
mantle. If the Moon had been derived from the Earth's mantle, we would expect volatile 
siderophile elements to have been depleted in comparable degrees to lithophile elements 
possessing similar volatilities. Abundances of Ga, Cu, Sn, Ge and As in precursor lunar 
material prior to the devolatilisation event have been estimated on the basis of this 
assumption using procedures and data described in refs. 3 and 4. We have also measured 
the partition coefficients of Cu, Sn and Ge between lunar basalt and metallic iron (3,4) 
and have obtained the partition coefficients for Ga and As from the literature (5,6). 
Results are plotted in Fig. 1. It is seen that after corrections for volatility-induced 
depletions, Ge, Cu, Sn, Ge and As conform well with the pattern previously established 
for other siderophiles. 

The siderophile signatures in the mantles of the eucrite parent body and the SNC 
parent body (= Mars) are quite different from each other (Fig. 2) and probably reflect 
equilibrium with cores composed predominantly of metallic iron in the former case and 
an iron-sulphur melt in the latter (1,6,7). Each of these siderophile patterns, in turn, 
differs profoundly from the terrestrial mantle pattern which is believed to have been 
determined mainly by reactions which occurred under very high pressures and 
temperatures when an iron-oxygen melt segregated to form a core (8). These contrasts 
emphasize the essentially unique nature of the core-formation process in planetary bodies 
and the consequent unique siderophile abundance patterns imposed upon planetary mantles. 
The overall similarity between the terrestrial and lunar siderophile patterns (except for the 
most highly siderophile elements whose depletions are readily explained by extraction into 
a small, Ni-rich lunar core (2,9)), is thus of profound genetic significance. These 
patterns, displayed both by involatile and by volatile siderophile elements, imply that a 
large proportion of the material now in the Moon was derived from the Earth's mantle. 

Lunar siderophile geochemistry as discussed above is clearly inconsistent with Benz et 
al.'s version of the giant impact model of lunar origin (10) whereby most of the material 
in the Moon was derived from the mantle of a differentiated Mars-sized impactor rather 
than from the Earth's mantle. Lunar siderophile data are marginally consistent with the 
giant impact scenario advocated by Melosh and Sonett (11) according to which about half 
of the material in the Moon was derived from the Earth's mantle and half from the 
mantle of the impactor. The lunar siderophile data are best explained by less 
catastrophic, multiple impact models (e.g. 1) in which the proportion of terrestrial mantle 
material ultimately incorporated in the Moon is substantially higher than 50 percent. 
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Fig. 1 Abundance ratios of 
siderophile elements in the Moon 
and Earth's mantle versus their 

Fig. 2 Estimated relative 
abundances of siderophile elements in 
the mantles of Mars and the eucrite 
parent body normalized to siderophile 
abundances in the terrestrial mantle. 
Volatility corrections were applied to 
Ga  and Cu in the EPB. (Based on 
1,7,12,13,14). 
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