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Recent experimental data on the solubilities of Ni, Co and Mo in silicate melts of anorthite-diopside 
eutectic composition (FeO- free silicate) at temperatures of around 1400°C and oxygen fugacities ranging from 
IW+2 to IW-3 showed that, under these conditions, all three elements are dissolved as oxides in the silicate melt, 
i.e. as NiO and COO, respectively. Evidence for metallic Ni or Co was lacking [I]. Here we report new data on 
Ni and Co solubilities in FeOcontaining melts as a function of oxygen fugacity and temperature. These and 
additional experiments in the FeO-free system cover a larger temperature interval, from 1300°C to 1600"C, 
allowing more reliable temperature extrapolations of Ni and Co metal-silicate partition coefficients. The results of 
the present study show that the effect of FeO on Ni and Co solubilities is small. No evidence for the presence of 
metallic Ni or Co was found. The conclusion that the approximately chondritic NilCo ratio of upper mantle rocks 
cannot be the result of equilibrium between chondritic metal and silicates, even at high temperatures, is 
reinforced. 
Experimental. All experiments were conducted in a vertical one atmosphere gas mixing furnace (see [I] for 
details). Experiments at temperatures lower than the melting point of the metal were done with loops, at 
temperatures above 1450°C powdered silicate starting material and metal powder (50150) were equilibrated in 
small corundum crucibles. Metal concentrations (Ni and Co) in the silicate were measured by instrumental 
neutron activation analysis. Composition of the metal phase was determined by electron microprobe. 
To study the iduence of FeO on the solubilities of Ni and Co as a function of oxygen fugacity and temperature 
four different 'systems' were investigated. Experiments in FeO- free systems with anorthite- diospide eutectic 
melt (50.9% SiO,, 24.9 % CaO, 10.4% MgO, 13.8 % A1203) and pure Ni- or Co- metal are labelled 'A'. In 'B' an 
FeO- free silicate (an-di- silicate) was equilibrated with an FeNiCo- alloy. Depending on oxygen fugacity silicates 
accepted some FeO (from 3.2 wt. % to 11.7 %). An FeO- bearing starting material (synthetic basaltic komatiite: 
49.1 % SiO,, 19.2% CaO, 10.6% MgO, 14.1 % A120,, 7.0% FeO) was used in systems 'C' and 'D' . In 'C' the 
komatiitic silicate was equilibrated with pure Co and Ni metal. Fe, originally only in the silicate, moved into the 
metal producing variable FeO- contents of the silicates (from 0.3 wt. % to 5.5 %). To avoid large changes in FeO- 
contents, during the experiment FeNi- and FeCo- alloys of variable compositions were used in 'D'. The Fe- 
content in the alloys was chosen to be in equilibrium with the FeO- concentration in the silicate at a given oxygen 
fugacity implying no or only very little Fe- exchange between metal and silicate phase or vice versa during the 
run. 
Results and Discussion. Data are plotted as metal- silicate partition coefficients. Ideal solution of FeO, NiO, and 
COO in silicate melt was assumed. Activity coefficients in metal were taken from [2], [3], [4] and [5]. At constant 
temperature Ni, Co, and Fe metal- silicate partition coefficients increase with decreasing fO, with a slope of about 
0.5 suggesting that all three elements are dissolved as 2+-  cations in the silicate melt (i.e., NiO, COO, and FeO). 
No evidence of changes in valence state within the experimentally determined fugacity range, from IW+2 to IW- 
3, was found (Fig. 1). The agreement of results of experiments with initially FeO- free silicates and Fe- 
containing metals and experiments with initially FeO- containing silicates and Fe- free metal strongly suggests 
that equilibrium was reached during experiments. The temperature dependence of solubilities was investigated at 
constant oxygen fugacities and fugacities parallel to the Iron- Wiistite (IW) buffer. Recalculations of the 
experimental results to an oxygen fugacity corresponding to 2.3 log units below the IW buffer (relevant for core 
formation) show a small decrease of the Ni and Co partition coefficients with increasing temperature (Fig. 2). 
Comparison of Ni and Co partitioning in FeO- free system (system 'A') and in FeO- bearing systems (systems 
'B', 'C', 'D') shows no significant influence of Fe on the partition behaviour as functions of oxygen fugacity and 
temperature. The absolute Ni, Co, and Fe partition coefficients are very similar for the two silicates. This is also 
a reflection of similar MgO contents of the FeO- free and FeO- containing silicates. The temperature dependences 
of the new data on Ni and Co solubilities confirm earlier data [I] and thus strengthen the conclusion that Ni, Co, 
and Fe metal- silicate partition coefficients extrapolated to high temperatures are too low to produce the observed 
abundances in the Earth's mantle by global core- mantle equilibrium, even at temperatures as high as 3000 K. The 
argument is even stronger for element ratios. The observed NiICo ratio in the Earth's upper mantle is nearly 
chondritic. Global core- mantle equilibrium would require the same value of the Ni and Co partition coefficients. 
The small decrease of the Ni/Co partition coefficient ratio (see Fig.2) with increasing temperatures is, however, 
not sufficient to explain the observed abundance ratio by metal- silicate equilibrium. The conclusion that the 
upper mantle and probably the whole mantle of the Eaah was never in equilibrium with a metal phase is 
reinforced. This also excludes metal- silicate equilibration in small planetesimals which are thought to have 
accumulated to form the Earth, according to the model of Wetherill [6]. The silicate mantles of these bodies 
would have had low Ni and Co concentrations and low NiICo ratios. Only complete oxidation of the core of these 
planetesimals would have imposed chondritic NilCo ratio on the Earth's mantle. 
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Figure 1: Ni, Co, and Fe metal- silicate partition coefficients at 1400°C as a function of oxygen fugacity 
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Figure 2: Temperature dependence of Ni and Co metal- silicate partition coefficients 
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