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Melting and segregation of a metallic phase from silicates is an important process 
in the early stages of planetary accretion and core formation. This study was 
undertaken to examine the effect of pressure and carbon on equilibria between 
coexisting silicate and metallic liquids. Thermodynamic calculations predict that 
increasing pressure will decrease the partition coefficient between silicate melt and 
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metallic melt (@k ) of metal species (Me) such as Ni or Co, at constant temperature 
and oxygen fugacity (fQ ). Addition of graphite to the system will affect the apparent 
partition coefficient by diluting the liquid metal with carbon and possibly by formation of 
metallic carbide species in the melt. 

Experimental. Experiments were done at pressures from 7 to 15 kilobars and at 
1350" and 1400°C in a piston-cylinder apparatus. Experimental charges consisted of 
a silicate starting composition of 40 wt% albite, 20% anorthite, and 40% diopside. The 
silicate powder was initially enclosed in a Ni or Co metal capsule which was in turn 
surrounded by a graphite capsule sealed inside a platinum capsule. Silver oxalate 
added to the outside of the graphite capsule saturated the system in a C02 - CO fluid. 
The coexistance of graphite and a CO2 - CO fluid at constant pressure and 
temperature fixes fO2. The 'hot piston-out' type experiments lasted three hours and 
were followed by an isobaric quench. Polished thin-sections were made of run 
products. Graphite, silicate glass, clinopyroxene crystals and metallic phases were 
analyzed by electron microprobe utilizing a back-scattered image for location. 

Results. Run products consisted of silicate glass, graphite, and a metal 
intergrowth (Fig. 1). In the 7 and 10 kbar experiments, the silicate portion of the charge 
was mostly glass with a few clinopyroxene crystals in some runs. The 15 kbar 
experiment was about 90% crystalline. Graphite occured both as stable crystals in 
contact with silicate and metal melts and as quench crystals in the metal phases. The 
metal regions consisted of a quench texture of two metals. One metal phase was 
enriched in Pt (5-10 wt%) and low in carbon (0.5 wt%), while the other phase was low 
in Pt (0.1 -2 wt%) and high in carbon (1.5%). Either Ni or Co made up the remainder of 
the metal phases. The carbon contents are minimum estimates because a significant 
amount of quench graphite exsolved from the metal. 

Ni, Co partitioning between metal and silicate. For the same conditions of 
temperature and f@, metal partitions less strongly into the silicate melt in our 
experiments at high pressure in the presence of graphite than at atmospheric pressure 
in the absence of carbon (Fig. 2). The reaction describing the metaVsilicate 
equilibrium is: 

At constant fO2 the effect of pressure on the equilibrium is given by: 
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The positive value of AV will cause the reaction to shift to the left with increasing 
pressure, which is the effect we observe. However, the apparent partition coefficient 
will also be lowered if the activity of Me is lowered in the metal phase. The metal 
phase in our runs is 90 to 98 wt% of either Ni or Co which translates into a mole 
fraction range of .90 to .96. Unless Ni or Co exhibit a strong negative deviation from 
ideality in the metallic liquid the dilution effect will be much smaller than the effect 
observed. 

Conclusions. Experiments on Ni and Co metal-silicate liquid demonstrate that 
less metal is partitioned into silicate liquids at high pressure in the presence of 
graphite than at one bar in the absence of graphite. This effect is due to a combination 
of the molar volumes of the metal and metal oxide species and to the dilution of the 
metal in the metallic melt by carbon. We suspect that most of the effect is due to 
pressure. However, metal separation during planetary accretion processes will very 
likely occur in the presence of graphite or at high carbon activity. In this case, the 
amount of carbon dissolved in the metal phase may be similiar to that in our 
experiments. These results suggest that if metal segregation occurs at pressures 
significantly above one bar then the partitioning of Nil Co and other compatible metals 
into the metal phase will be greater than indicated by one atmosphere partition 
coefficients. 

Figure 1. Back-scattered image of Figure 2. Me0 content of silicate liquids as a 
a Ni-containing experiment at 10 function of fo2 at 1350°C. Labels on lines 
kbar, 1350°C graphite (black), and points indicate the metal system and 
silicate glass (gray) and metallic pressure in atm [ I ]  or kilobars [7 orlo]. 
(white) phases. 
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