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Introduction. Many workers [e.g., 1-61 have studied the siderophile element 
abundance patterns in the mantles of the Earth and Moon for clues about the accretion of these 
bodies and their subsequent differentiation. In general, it is believed that these abundance patterns 
were set by the segregation of metallic cores. Efforts to model these abundance patterns based on 
the segregation of Fe metal have been unsatisfactory [3,4]. However, several scenarios for 
explaining the siderophile abundance patterns in these bodies call for the segregation of Ni-rich 
metal. For example W M e  [1,2] has proposed that the last 20% of material that accreted to the 
earth was more oxidized than the first 80%, thus implying that any metal that separated after this 
addition must have been Ni-rich. O'Neill[5] has proposed that the siderophile abundance pattern 
in the Earth's mantle was set by the segregation of a small amount of Ni-rich sulfide after the 
addition of material by a giant impact. Finally, Seifert et al. [7] have shown that the Moon may 
have a Ni-rich core. In order to evaluate such models it is important to understand the partitioning 
behavior of moderately siderophile elements in Ni-rich systems. Thus, we have measured the 
partition coefficients of Ni, Co, Mo, W, and P in systems containing basaltic liquid, sulfur bearing 
metallic liquid, and Ni-rich metal. 

Experimental Procedure. A synthetic eucritic basalt mixture was prepared by mixing 
oxides in the following weight proportions: 50% Sic, 19% FeO, 13% Al203,ll% CaO, and 7% 
MgO. This mixture was then doped with either 1.5 wt.% COO or 1.5 wt% each of Moo3 and 
WOg or 3.0 wt% of Durango Apatite for P. 100 mg atiquots of this material were placed in 
alumina crucibles along with 50 mg of metal which was either pure Ni, pure Fe, or an intermediate 
composition, and 20-30 mg of NiS. The charges were placed in silica glass tubes which were then 
evacuated and sealed, The tubes were suspended in a vertical muffle furnace at 1260°C and left for 
3-5 days. The runs were quenched in air. 

Each run contained at least three phases: silicate liquid, solid metal, and an unquenchable 
sulfur-bearing metallic liquid. The charges were analyzed by electron microprobe. The oxygen 
fugacity (f02)  of the charges was determined based on the activity of FeO in the silicate liquid and 
the activity of Fe in the metal using the iron-wiistite buffer calibration of Oweill [8]. The activity 
of FeO was determined by assuming ideal behavior in the silicate liquid. The activity of the Fe- 
metal was calculated using the activity coefficients of Rammensee and Fraser [9]. 

Experimental Results. The solid metallliquid silicate and liquid metallliquid silicate 
partition coefficients for Ni, Co, Mo, W, and P determined from the experiments are plotted in 
Figure 1 versus oxygen fugacity. Increasing oxygen fugacity corresponds to increasing Ni content 
of the metal as would be expected (i.e., Fe is more readily oxidized than Ni). In some cases an 
element was below the detection limit in a phase, and therefore only an upper or lower limit for the 
partition coefficient was determined (indicated by mows in Figure 1). Lines of the form: 

have been fit to the data where D;,, is the distribution coefficient of element i between phases j and 
k; f 0 z  is the oxygen fugacity, &d A and B are constants. The fit is extremely good (correlation 
coefficients > 0.97) in all cases except for the W liquid metallliquid silicate data (correlation 
coefficient = 0.91). The valence of the cation of interest can be extracted from the slope of this 
line, and the calculated valences are shown in Table 1 along with the constants A and B for each 
line. 

Discussion. With a few exceptions, the calculated valences do not deviate strongly from 
the expected valences. The Ni data yield a valence of 2 as is anticipated The recovered valence of 
Co, however, is somewhat higher than the expected 2. These valences are in contrast to the 
recovered valences of Schmitt et al. [lo] of approximately 1 for Ni and Co, and the work of 
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Colson and Steele [ l l ]  which suggests that Ni and Co can exist in a zero valence state in silicate 
liquids under reducing conditions. The reasons for these discrepancies are unresolved at this time. 
The valences of 5.1 and 5.6 for Mo are lower than the expected 6. Schmitt et al. [lo] also found 
valences of less than 6 for Mo, probably because Mo is present in multiple oxidation states. The 
solid metal~liquid silicate data for W give a valence of 5.7 which does not deviate simcantly from 
the expected 6. The valence derived from the liquid m e u q u i d  silicate data is not only higher than 
the presumed valence, it is also significantly different from the valence extncted from the solid 
rnetaUliquid silicate data. However, a line yielding a valence of 6 could just as easily be fit to the 
data, as the line derived from the least squares fit. The valences derived for P are problematic. 
Not only are they much lower than the expected 5, they deviate significantly from one another. 
These lines, however, are only based on 2 points each, and more data may clarify the issue. 

Preliminary modelling with these data have shown that the lunar mantle siderophile 
abundance pattern is consistent with with the segregation of a 1 wt. % metallic core containing 
between 25 and 45 wt.% Ni at 75% partial melting of the silicates [12,13]. We have also shown 
that simple two stage heterogeneous accretion scenarios do not account for the siderophile 
abundance pattern in the terrestrial mantle [14]. However, more complex heterogeneous accretion 
scenarios have not been tested yet. 
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Table 1: A, B, and the valences for each set of 
partition coefficients. SM is solid metal; LM is 
liquid metal, and LS is liquid silicate. 
Element Phases A B Valence 
Ni SWLS 
Ni LM/LS 
Co SWLS 
Co LMnS 
Mo SM/LS 
Mo LWLS 
W SMILS 
w LMnS 
P SWLS 
P LMnS 

Figure 1: 
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- 1 3  - 1 2  -11  -10  -9 - 8 
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