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The abundances of V, Cr and Mn in the mantles of the Earth, Moon, Eucrite Parent Body (EPB) and 
Shergottite Parent Body (SPB, probably Mars) have been used by Wanke and Dreibus [I] and by Ringwood [2] to 
argue that the Moon formed out of material from the Earth's mantle. These authors demonstrated that the depletion 
patterns of these elements in the mantles of the Earth and Moon are similar and contrast with the patterns in the 
EPB and SPB. They concluded that the low abundances of Mn and, to a lesser extent, Cr and V in the Earth's 
upper mantle resulted from their removal into the Earth's core, either in reduced form as metals or sulfides or, less 
probably, as oxides. The similar pattern of depletion in the Moon was interpreted as evidence for formation of the 
Moon substantially of material derived from the Earth's mantle. 

We have reevaluated the mantle abundances of these elements in the Earth, Moon, EPB and SPB (Fig. 1). 
Terrestrial abundances of these elements are well known from mantle nodules. For the Moon and the EPB, 
Wanke's group [3,4] used mixing models to obtain bulk compositions. We have redetermined the depletions for 
V from VfCr ratios (EPB) and VfMn ratios (Moon); these alternative values (solid lines in Fig. 1) are similar to 
the earlier estimates (dashed lines). Depletions for the SPB were determined by Dreibus and Wanke [5] (Mn and 
"DW for Cr) and by Treiman et al. [6] (V and "T' for Cr). The basic patterns described in [I] are confirmed, but 
we have also evaluated the uncertainties (Fig. 1). 

To interpret these depletions, experiments to determine the partitioning of V, Cr, and Mn between solid metal 
(sm), S-bearing metallic liquid Om), and silicate liquid (Is) were conducted at 1260°C in evacuated silica glass tubes 
at approximately the QFI buffer, and at approximately 3.4 log units lower using metallic A1 as a component of the 
charge to serve as an oxygen getter. The experimental results are listed in Table 1. Our results are consistent with 
earlier experiments at 1600°C [7], and show in addition that Mn is extracted into metallic liquid only under very 
reducing conditions, even though the metallic liquid is almost saturated with respect to S (31 wt.%). 
Significantly, Cr and V are more strongly partitioned than Mn into metallic liquid. To aid ih evaluating the 
rnixing models [3,4] used to estimate the abundances of V in the mantles of the Moon and EPB, additional 
experiments were performed in air and in an H2/Ar atmosphere at l30O0C to investigate olivine-liquid partitioning 

for V. Under very reducing conditions, the partition coefficient is approximately 1, while in air it was 0.02. 
These results suggest a somewhat higher concentration of V in the olivine mantle component of the EPB than was 
used in the earlier mixing calculations [3,4]. 

The mantle abundance patterns for V, Cr, and Mn suggest that the Earth and Moon form a group that is 
distinct from the EPB and SPB, and the experimental data indicate that this grouping reflects fundamentally 
different formation and/or differentiation processes. The EPB is the only planet with essentially CI chondritic 
abundances of V, Cr and Mn in its mantle, indicating very little segregation of S-rich liquid, although an Fe-metal 
core has segregated in the EPB [8]. The abundances of V, Cr and Mn in the mantle of the SPB are consistent with 
segregation of a S-rich metallic liquid, and with a 30 wt% S-rich metallic core [9]. 

In contrast, the depletions of V, Cr and Mn in the Earth and Moon correlate with volatility rather than 
siderophility, although it cannot be excluded that small fractions of the depletions of V and Cr may be due to their 
siderophility (Table 1). A similar volatility-controlled pattern is seen in the CO chondrites (Fig. 1). Manganese 
and, especially, Cr and V are more depleted in the Earth and Moon than in CO chondrites, but meteoritic evidence 
suggests that the Earth and Moon need not initially have had CI abundances. For example, the Si-normalized 
abundances of V, Cr and Mn in the E4 chondrites are in chondritic ratios, but are significantly depleted relative to 
CI normalized to Si (Fig. 1). Therefore, nebular processes appear to exist that can explain the volatility-controlled 
patterns observed in the Earth and Moon. 

Wanke and Dreibus [I] have argued that depletion of Mn in the Moon by volatility may be excluded because 
of comparable or greater depletions of Na and K in the EPB and SPB. This argument is not valid, however, 
because element depletion patterns as a function of volatility have different slopes for the four planets, and 
depletions in the EPB and SPB appear for elements with higher condensation temperatures than in the Earth and 
Moon. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



LPSC X V I I I  

FORMATION OF THE MOON 
Newsom, H.E. and Drake, M.J. 

In conclusion, the depletions of V, Cr and Mn in the mantles of the Earth and Moon seem to be controlled 
primarily by volatility. These volatility-controlled depletion patterns were probably inherited from the nebula, but 
it cannot be excluded that they originated as a result of very high temperatures during an impact origin of the 
Moon. However, the experimental evidence (Table 1) that V and Cr partition into S-rich metallic liquids under 
reducing conditions more saongly than Mn, coupled with the observation that the Earth contains too little S for a 
solid sulfide phase to be stable during core formation, indicates that depletions of these elements cannot be used to 
infer that the Moon formed substantially out of material from the Earth's mantle, in contrast to the conclusions 
of [I, 21. The absence of evidence for volatility-control in the depletion patterns for the EPB and SPB emphasizes 
a curious dichotomy. The upper mantle of the Earth has relatively high noble siderophile element abundances 
which are inconsistent with segregation of metal from silicate, and have been variously interpreted as indicating 
heterogeneous accretion and late addition of a chondritic "veneer" or as evidence for inefficient core formation [lo]. 
The same elements in the mantle of the SPB indicate equilibrium between S-bearing metallic liquid and silicates 
and are consistent with homogeneous accretion. Why the Earth and the SPB, presumably Mars, either accreted or 
differentiated so differently is unclear, but has important implications for the formation of the terrestrial planets. 
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TABLE 1. Partitioning of V, Cr, and Mn between solid metal (sm), liquid metal (lm), 
and liquid silicate (Is) at 1260°C. Log f02  indicated by numbers in parentheses. 

Figure 1. Abundances of V, Cr, 
and Mn in various solar system 
objects, normalized to Si and CI 
concentrations. 
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