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The segregation of Earth's metallic core from silicate mantle occurred sometime within 
the frrst 50 to 100 million years of Earth's history, and is perhaps the most important chemical 
differentiation event in the Earth's entire 4.6 billion year history. However, little is known about 
the details of this event because of the inaccessibility of the core and the majority of the Earth's 
mantle to direct sampling.Siderophile elements (e.g., Fe, W, Co, Ni, Ge, Mo, Re, Pt) have a 
preference for metallic phases, and will have partitioned strongly into the core upon segregation. 
If core formation was a simple equilibrium process whereby metal segregated from silicate, then 
the abundance of siderophile elements retained in the silicate portion of the Earth (i.e. the 
mantle) must reflect the conditions of equilibrium 

Rock samples from the upper 250 km or so of the Earth's mantle yield relict information 
about core formation in the form of siderophile element abundances. On the basis of 
experimental data at low pressure (1 atm) and low temperatures (1400 - 1900 K) it has been 
concluded that many siderophile elements are too abundant in the upper mantle to be accounted 
for by simple equilibrium between metal and silicate [1,2]. However, if the Earth were partially 
or completely molten during it's early accretion history as a consequence of large impacts [3], 
then core segregation may have taken place in a deep magma ocean. In this scenario, the 
conditions of metal-silicate equilibtium would be that of high-pressure (>> 1 atmosphere) and 
high-temperature (>> 2000 K), conditions that may significantly effect partitioning behavior 
[4,5]. In order to account for the upper mantle budget of siderophile elements in an equilibrium 
segregation process, many siderophile elements must become much less siderophile with 
increase in temperature and pressure. 

To test this model, the partitioning behavior of Ni, Co, W and Mo between liquid-silicate 
and liquid-metal have been determined over a range of high-temperatures (2100 - 2750 K) and 
pressures (1 - 12 GPa), and over a range off  0 2  (A log f CQ - l), in piston-cylinder and multi- 
anvil apparatus. Starting materials are oxide mixes of a model C1 chondrite composition in the 
system Si02-Mg0-Al203-Ca0, to which is added iron as Fe203 and Fe-metal powders, and 
either Ni, Co, W or Mo as metal powder (10% by weight). Sample containers are graphite so the 
liquid-metal phase is saturated with carbon (-7 wt.%). Run products consist of quenched silicate 
and metal which are analyzed with the electron microprobe. MetaVsilicate partition coefficients 
and relative f 0 2  are calculated [6]. 

Results for the effect of temperature (constant f 0 2  and P) and pressure (constant f O;! and 
temperature) can be summarized as follows. Within experimental uncertainty, no temperature 
effect can be assigned to Ni or W at the conditions investigated (A T = 450 and 400 K, 
respectively), although the data is most easily interpreted as both elements becoming slightly less 
siderophile (lower ~medsi l )  with increase in temperature. Co and MO, however, both become 
distinctly less siderophile with increase in temperature. The results for the effect of pressure on 
partitioning are summarized in Fig. 1. Ni, Co, W and Mo all become distinctly less siderophile 
with increase in pressure, at least over the range of pressures investigated [6]. 

Can the observed abundances of W, Ni, Co and Mo in the upper mantle be accounted for 
by the observed effect of pressure and temperature on partitioning at the conditions investigated? 
Figure 2 shows depletion of siderophile elements relative to C1 chondrite and refractory 
elements for the upper mantle (open circles), for equilibrium core segregation calculated from 1 
atmosphere, 1873 K partition coefficients (Schmitt et al., 1989) (solid circles), and for high- 
pressure and temperature equilibrium core segregation using partitioning data from this study 
(solid triangles). It is assumed in the calculations that perfect equilibrium segregation occurs, the 
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core makes up 33% of the Earth's mass and is comprised of 85% Fe, and that the silicate mantle 
has 9% FeO. The partition coefficients used in the high P and T model are based on the highest 
pressure and temperature conditions investigated for each element. 

At the conditions investigated, an equilibrium core segregation model cannot account for 
the observed upper mantle abundances of these elements. However, Co and Mo, and probably 
Ni and W, become less siderophile with increase in temperature, and all elements show distinctly 
less siderophile behavior with increase in pressure. For a magma ocean adiabat of 10 K per GPa, 
the effect of pressure will be significantly greater than that of temperature. If the observed 
pressure effect continues to higher pressures, there could be a unique set of conditions at which 
the partitioning behavior of these elements accounts for observed upper mantle abundances. 
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