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The abundance patterns of siderophile elements in the Earth's mantle 
display some remarkable characteristics [I]. For example, Ni,Co,Cu,Fe,Ga,W, 
P,As,Sn,Ag and Ge are present at levels ranging between 1 and 16% of their 
primordial abundances. Most of these siderophiles are considerably over- 
abundant in the mantle as compared to expectations based upon experimentally 
determined partitions between silicate and metallic iron phases. Moreover, 
little relationship exists between their metal/silicate partition coeffic- 
ients and their relative abundances. Chromium andvanadium which display 
distinct siderophile tendencies above 1500°c are significantly depleted in 
the mantle., reflecting their partial entry into the core [2]. Manganese also 
displays a fourfold depletion which may have a similar cause [2]. 

The siderophile signature of Earth's mantle has been caused by a 
combination of several complex processes, as yet incompletely understood, 
which occurred during segregation of the metallic core (32 percent of the 
Earth's mass). The particular combination of processes which generated this 
siderophile signature is unlikely to have operated to the same extent in all 
planets and differentiated planetesimals and, accordingly, is expected to be 
unique to the Earth. This expectation is supported by the observation that 
the siderophile signatures of sherghottites (probably of Martian origin) and 
eucrites, are quite different to those of terrestrial basalts [I]. 

Abundance ratios of siderophile elements in the Moon and Earth's mantle 
are plotted against their metal/silicate partition coefficients in Fig. 1 .  
It is seen that the abundances of elements less siderophile than nickel (Mn, 
V,Cr,Fe,W,Co,P,S,Se) are similar (within a factor of 2) in both bodies. 
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Figure 1. Abundance ratios of siderophile elements in the Moon and Earth's 
mantle versus their metal/silicate partition coefficients (based upon recent 
literature data, after [61). 
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Elements more siderophile than nickel (Cu,Mo,Ag,Re,Au) are depleted in the 
Moon to degrees which correspond well with their metallsilicate partition 
coefficients. These depletions are consistent with a Moon of "terrestrial 
mantle" bulk composition having experienced internal segregation of a small 
metallic core (less than 1% of the lunar mass) [3,4]. Experimental 
measurements [5] show that this core must be Ni-rich (> 40% Ni) and Co-rich 
()/ 0.72 Co) as compared to the Earth's core (Q5% Ni, 0.3% Co). Figure 1 
demonstrates an extremely close relationship between the siderophile 
signatures of the Earth's mantle and Moon to an extent which strongly implies 
that the material in the Moon was derived mainly from the Earth's mantle 
after core formation. Relatively small excesses of Fe,Co,Mn and W may be due 
to an admixture of 20 percent of extraterrestrial material (the impactor?). 

Can the lunar siderophile pattern be explained in terms of an origin for 
the Moon as an "independent planet"? Newsom [4] has attempted to show that 
the lunar abundances of W,P,Ni and Co can be explained in this manner, but 
his model requires that an iron-rich core amounting to about 5% of the lunar 
mass has separated. This model fails to explain the similar abundances of 
Mn,Cr,V,S and Se in the Moon and terrestrial mantle (Fig. 1) and their 
variable depletions as compared to primordial abundances. Moreover, if the 
bulk Moon contains between 8 and 16% FeO, as implicit in most current lunar 
models, a 5% metal core would cause the lunar mean density to be higher than 
is observed [5]. The problem is exacerbated by experimental evidence which 
shows that the lunar core is Ni-rich [5]. This causes a decrease in the 
effective metallsilicate partition coefficients for W,P and Co, thereby 
requiring a core substantially larger than 5 percent of the lunar mass. 

More generally, if the Moon had formed as an independent planet, it 
would be quite incredible if its very different conditions of accretion, 
followed by segregation of a core differing grossly in composition and 
proportionally much smaller than the Earth's, and formed in a totally 
different P,T. environment, had nevertheless produced a siderophile signature 
so closely related to that of the Earth's mantle. Previous attempts to 
explain the low iron content of the bulk Moon in the context of the independ- 
ent planet hypothesis have invoked highly speculative physical mechanisms to 
fractionate metal from silicate components in the nebula, prior to accretion 
of the Moon. Moreover, in these models, the compositions of the metal phases 
accreted by Earth and Moon are required to be very similar, i.e. Fe-rich and 
Ni,Co-poor. This is contrary to experimental evidence [5] which shows that 
the lunar core is actually Ni,Co-rich and quite different in composition to 
the Earth's core. 
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