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Introduction: Fundamental knowledge of the par-

titioning behaviour of elements in partially molten 
metal-light element systems is crucial to understand 
processes of planetary differentiation and core evolu-
tion. Sulphur is believed to be an important constituent 
of the cores of the terrestrial planets, major satellites 
and many asteroids, and the partitioning behaviour of 
elements between solid metal and liquid metal in the 
Fe-S system has been investigated by several workers 
[1-6]. The majority of these studies [1-5] conclude that 
the composition of the metallic liquid (the concentra-
tion of  S in the melt) is the dominant factor which 
controls the partitioning behaviour of elements be-
tween solid metal and molten metal. However, recently 
Stewart et al. [6] showed that the crystal-lattice strain 
model commonly used to describe silicate mineral – 
silicate melt partitioning can be applied to partially 
molten metallic systems. This suggests the structure of 
the solid metal also plays a role in determining solid 
metal / molten metal partitioning. 

 
In this experimental study, we investigate the effect 

of the structure of the solid metal in the Fe-S system 
on solid/liquid metal partitioning by obtaining new 
element partitioning data at pressures between 0.5 and 
3 GPa for a suite of elements which include Ni, Co, W, 
Mo, V, Nb, Ta, Sn, Cu, Pb, Zn, Cr, Mn, P, and Ge. We 
isolate the effect of the solid metal from melt composi-
tional, pressure, and temperature effects by performing 
experiments at isobaric and isothermal conditions just 
exceeding the eutectic temperature using two bulk 
compositions on either side of the Fe-S eutectic com-
position. In this manner, the melt compositions are 
near-identical while the crystalline phase is either Fe-
rich or S-rich. In addition to the effect of solid metal 
composition we systematically investigate the effects 
of pressure and S content on trace element partitioning 
behaviour in the Fe-S system and test the applicability 
of the lattice strain model to our results.  

 
Methods: Starting mixtures were prepared from 

high-purity powders of Fe and FeS and doped with 
several hundred ppm levels of trace elements Ni, Co, 
W, Mo, V, Nb, Ta, Sn, Cu, Pb, Zn, Cr, Mn, P, Ge, Re 
(present as pure metallic powders, sulfides or 
phosphides). The mixtures was thoroughly ground 
under ethanol for 30 minutes in an agate mortar and 
then dried under a heat lamp. Experiments were per-
formed using a Depths of the Earth QUICKPress pis-

ton cylinder apparatus at VU University Amsterdam 
using alumina capsules. Experiments were heated to 
1073 K at pressure and allowed to sinter for a duration 
of 10 hours before the temperature was raised to the 
target value at a rate of 50 K / min. The quenched ex-
perimental charges were mounted in epoxy resin, sec-
tioned perpendicular to the axis of the capsule, and 
polished to a <1μm finish using diamond polishing 
techniques. The polished mounts were then carbon 
coated for chemical analysis. The experimental 
charges were analyzed with a JEOL JXA-8200 elec-
tron microprobe at ETH Zurich. 

 
Results: Figure 1 shows backscattered electron 

images of two experimental run products which show 
that solid metal and liquid metal separate into two eas-
ily identifiable and distinct phases. Full analysis of the 
experimental charges is currently underway, and here 
we show preliminary results obtained from experiment 
pairs at 1, 1.5 and 2 GPa respectively. Further investi-
gation, electron microprobe and LA-ICP-MS analyses 
of our full set of experiments will be presented at the 
meeting. 

 
Figure 2 shows Onuma diagrams of solid metal-

liquid metal partition coefficients for four of  our ex-
perimental runs for the elements Ni, Fe, Cr, V and Mn 
as measured by electron microprobe, listing best-fit 
lattice strain model parameters and showing resulting 
parabolae as solid curves. These elements are found to 
display a similar near-parabolic structural site relation-
ship between atomic radius and solid metal/ liquid 
metal partition coefficient as observed in silicates, 

 
Figure 1: Back scattered electron images of 
Run#FR15 (left) and Run#FSR2 (right) which have 
Solid Fe in equilibrium with  melt Fe0.705S0.29 and 
solid FeS in equilibrium with melt Fe0.715S0.285, re-
spectively. 
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consistent with Stewart et al. [6]. This parabolic be-
haviour also demonstrates that full equilibrium was 
attained between solid and molten metal in our ex-
periments. 

 
   Discussion: We find a significant difference in ele-
ment partitioning behaviour at 2 GPa and 1323 K be-
tween Fe (Figure 2: panel A) and FeS (Figure 2: panel 
C) as the solid phases, both in equilibrium with a near-
eutectic melt containing 29 mol% S. We provide two 
end member fits to our data at 2 GPa and 1323 K with 
FeS as the solid phase (Figure 2: panel C) due to un-
certainty over the partition coefficients of Cr and V, 
but the point of emphasis is that both these fits are still 
drastically different from the one obtained for our data 
from the experiment at same P-T-metallic liquid com-
position but with Fe as the solid phase (Figure 2: panel 
A). This clearly demonstrates that solid metal compo-
sition has a significant effect on solid metal / molten 
metal partitioning of elements. 
   Lattice strain model fits to our 2 GPa and 1.5 GPa 
data for the experiments which have Fe as the solid 
phase (Figure 2 panels A,B) are almost identical with 
very similar value for the best-fit apparent Young’s 
modulus (E). This implies that there is an insignificant 
pressure effect on element partitioning for such differ-
ences in pressure conditions. 
   We conclude that models of solid-molten metal par-
titioning [5] which support an exclusive role for liquid 

melt composition as the dominant controlling factor do 
not provide a complete overview of the solid metal-
liquid melt partitioning process. The solid metal com-
position can significantly influence element partition-
ing between solid /molten metal. 

Finally, our results confirm that the lattice strain 
model can be successfully applied to solid/ molten 
metal partitioning data in agreement with [6]. 
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Figure 2: Onuma diagrams of solid metal-liquid 
metal partition coefficients for four of  our experi-
mental runs, listing best-fit lattice strain model pa-
rameters and showing resulting parabolae as solid 
curves. 
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