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THE GEOCHEMISTRY O F  THE IMPACTOR IN THE IMPACT 
HYPOTHESIS FOR THE ORIGIN O F  THE MOON; H.E. Newsom, Institute of 
Meteoritics and Dept. of Geology, Univ. of New Mexico, Albuquerque NM 87131. 

In the impact theory for the origin of the Moon, one or more planet sized objects collide 
with the Earth. Some of the ejecta, consisting of both terrestrial and impactor material, are 
placed into Earth orbit and eventually become the Moon [l]. Theoretical modelling of the 
impact event suggests that the contribution from the Earth's mantle may be small (8%-16% [3]). 
According to [3], the silicate portion of the impactor shared the depletion of volatiles, including 
V, Cr and Mn [4], which is characteristic of the inner planets; the refractory elements need not 
be enriched over CI or terrestrial mantle values; and the iron content of the impactor's mantle 
must have been enriched relative to the Earth's mantle 131. An important test of the impact 
hypothesis is to consider whether the impactor's composition is cosmochemically plausible. In 
this work, the siderophile abundances in the impactor's mantle, the size and composition of the 
impactor's core, and the implications for core formation in the Moon are derived considering 
the constraints imposed by the siderophile element depletion patterns in the Earth and Moon. 

We start with the assumption of the maximum possible depletion of siderophile elements 
in the impactor. The similar abundances of W and Co in the Earth and Moon require that the 
impactor also have a similar depletion of W and Co. If the impactor had W and Co abundances 
significantly below the terrestrial and lunar level, addition of terrestrial material would not 
bring the abundances up  to the lunar level. Assuming impactor core-mantle equilibrium and 
the maximum possible depletion of Co and W in lunar silicates, the maximum size of the 
impactor core is about 10 wt% metal (Fig. 1). The core composition is also constrained by the 
Co and W abundances. The metal/silicate partition coefficients are lower for S-rich metal 
(25%-30% S), allowing larger core sizes than for S-free metal. Assuming the impactor's core 
consists of both S-rich metal and S- poor metal, the fraction of S-rich metal in the core must 
be less than 50%. A larger amount of S-rich metal would reduce the partition coefficient for W 
too much relative to Co, and W would not have been depleted, as is observed for the SNC 
parent body [5]. 

Assuming the maximum depletion of siderophile elements in the impactor's mantle also has 
implications for the formation of a core in the Moon itself. In the Earth's mantle, the highly 
siderophile elements are not as depleted as in the lunar mantle, possibly due to accretion of a 
late veneer on the Earth. After formation of the Moon, a very small amount of metal must 
segregate to bring the elements more siderophile than Co and W, contributed by the Earth's 
mantle, down to the lunar abundances. The amount of metal that must segregate depends on the 
fraction of Earth's mantle included in the final Moon, from 0.04 wt% for 20% Earth mantle to 0 
% for no Earth mantle. A lunar core larger than 0.04 wt% is only allowed for this model if the 
extra metal did not equilibrate with the lunar mantle. 

Several variations on the conclusions obtained above are possible for different assumptions. 
If the minimum depletion for Co and W is assumed instead of the maximum (Fig. l), then the 
amount of metal required to segregate in the impactor is less than 10 wt%, but this model is 
unrealistic cosmochemically in predicting too small a core. 

Metal cores as large as 33% (like the Earth) are allowed in the impactor only if there was 
no equilibrium between the impactor's mantle and core, due to heterogeneous accretion or 
incomplete metal segregation as in the Earth. This assumption would remove all constraints on 
the size and composition of the impactor's core, but the constraints on the core of the Moon 
would be the same, again assuming a siderophile element pattern in the impactor mantle similar 
to the present moon. 

In another variation, the mantle of the impactor could have the same siderophile element 
abundance pattern as the present Earth's mantle. The upper limit of siderophile abundances in 
the impactor is constrained by the siderophile abundances in the Earth's mantle. If the abun- 
dances in the impactor are significantly greater than the present mantle abundances, the material 
added to the Earth's mantle from the impactor (about 10%) becomes important. Additional 
metal segregation would have to have occurred in the Earth, followed by a veneer which is not 
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seen on the Moon [6]. In this scenario there are no constraints on the core size or core 
composition in the impactor, but the maximum core size in the Moon would be 0.2 wt%, again 
assuming core-mantle equilibrium in the Moon [7]. 

In a final variation, if the big impact occurred before the late veneer accreted to the Earth, 
then the depletion of highly siderophile elements in the Moon must closely represent the 
depletions in the impactor, and essentially no metal-silicate equilibration and segregation could 
have occurred in the Moon. Therefore, a lunar core is allowed only if the metal did not equi- 
librate with the lunar mantle. 

Conclusions: The mantle of the impactor must have been depleted in siderophile elements 
due to core formation; siderophiles in the impactor's mantle were between lunar and present 
terrestrial mantle values; the impactor's core size was <lo%, assuming equilibrium between the 
impactor's core and mantle; and the fraction of S-rich metal in the impactors core was less than 
50% of the core's mass. The core could be larger, if the impactor's core and mantle were not in 
equilibrium. The maximum lunar core is 0.2 wt% unless the the lunar core and mantle are not 
in equilibrium. 

The impactor, therefore, had Earth-like volatile element abundances, and some FeO 
enrichment compared to the Earth. The impactor also had either a lunar-like siderophile ele- 
ment pattern reflecting equilibrium with a small core, or it had an Earth-like siderophile ele- 
ment pattern if the core was not in equilibrium with the mantle. I therefore conclude that a 
cosmochemically plausible impactor can be constructed, similar to other terrestrial planets, 
providing additional support for the impact theory. 
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Figure 1 The constraints from 
the similar abundances of Co in the I-0 
Earth and Moon and W in the Earth a 
and Moon, on the maximum core .50 
size in the impactor, assuming core- 
mantle equilibrium in the impactor. 
The similar abundances imply that z 
the impactor also had similar abun- $ .20 
dances of W and Co. The maximum 0 

7 allowable core size (10 wt%) corre- 0 
sponds to the minimum .10 2 metal/silicate partition coefficients 

W for these elements, and the maxi- 2 .05 
mum depletion of Co and W [7]. 2 
The minimum partition coefficients 
are calculated, for a core composi- a 
tion of 50% S-rich metal and 50% z -02 
Fe-metal, and for a silicate compo- 
sition that consists of 95% solid 5 
silicate and 5% liquid silicate [7,8]. $ .Ol 
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