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Introduction:  Understanding the partitioning be-

havior of trace elements is key to interpreting and pre-
dicting compositional signatures produced by differen-
tiation and evolutionary processes in planetary bodies. 
A handful of studies have explored the effect of pres-
sure on solid metal/liquid metal partitioning behaviors 
in the Fe-S system. The earliest study was by Jones 
and Walker [1], whose two experiments at 8 GPa sug-
gested a slight pressure effect for Ge but no such effect 
for Au, Ni, or P. Nine years later, Walker [2] reported 
results for Pt, Re, Os, and Ni at 10 GPa that did not 
suggest a pressure effect on the solid metal/liquid 
metal partitioning of Pt, Re, or Os but did have Ni par-
titioning values that differed from 0.1 MPa results. A 
few years later, Lazar et al. [3] followed with results 
for Ni, Mo, Ru, Re, Tc, and Ti at 6 GPa and found a 
distinct effect of pressure on the partitioning behavior 
of Mo in particular.  

Three studies of solid metal/liquid metal partition-
ing at elevated pressures in the Fe-S system have been 
published in the last two years. Van Orman et al. [4] 
concluded that Pt, Re, and Os had decreasing partition 
coefficients with increasing pressure. Hayashi et al. 
[5], in contrast, found no evidence of a pressure effect 
on Pt, Re, and Os solid metal/liquid metal partitioning 
behaviors. Stewart et al. [6] reported 9-23 GPa results 
for P, V, Cr, Mn, Co, Ni, Cu, Zn, Ga, Sn, and Pb at 
pressures ranging from 9-23 GPa and introduced a 
lattice strain model for understanding the partitioning 
behaviors. 

Thus, previous studies have presented some in-
triguing and at times contradictory results, suggesting 
both that pressure may or may not affect solid 
metal/liquid metal partitioning behavior and that any 
effect may be highly dependent on the specific trace 
element. One of the complications in interpreting the 
existing datasets in terms of any pressure effect is that 
some of the datasets vary both pressure and S-content 
of the liquid. The S-content of the metallic liquid has a 
significant influence on partitioning behavior at 0.1 
MPa [7]. For this work, we have conducted a series of 
experiments all at 9 GPa over a wide range of metallic 
liquid S compositions with numerous trace elements. 
This systematic dataset is compared to the extensive 
0.1 MPa data [7], enabling a clear examination of ef-
fects due to pressure. We also employ the lattice strain 

model introduced by [6] to try to interpret our new 
results. 

Methods:  Eight experiments were conducted in a 
multi-anvil device at the University of New Mexico 
using the techniques described in [8] for solid 
metal/liquid metal experiments in the Fe-C system at 5 
GPa. Powders of Fe and FeS were mixed with about 
100 ppm each of the trace elements Co, Ni, Cu, Ga, 
Ge, As, Mo, Ru, Rh, Pd, Ag, Sn, Sb, W, Re, Os, Ir, Pt, 
Au, Pb, and Bi. Run temperatures ranged from 1050-
1600°C. Experiments were first inspected and analyzed 
using the JEOL 8900L electron microprobe at the Car-
negie Institution of Washington. Figure 1 shows back-
scattered electron images of a typical run. Trace ele-
ment concentrations were measured by laser ablation 
ICP-MS at the University of Maryland, using tech-
niques similar to those described in [8].  

Results:  Analysis of the experimental data is cur-
rently ongoing, but here we show some preliminary 
results. Our new partitioning results at 9 GPa are com-
pared to those at 0.1 MPa and to the previous studies at 
elevated pressures. Figure 2 shows such a comparison 
for three out of the 21 trace elements in our experi-
ments. Both D(Ge) and D(Sb) have increased partition 
coefficients at 9 GPa relative to their 0.1 MPa values, 
while D(Mo) is lower at 9 GPa than at 0.1 MPa. Our 9 
GPa results for D(Ge) and D(Mo) agree well with the 
previous values at elevated pressure [1, 3]. Interest-
ingly, along with increasing with pressure, D(Sb) also 
seems to vary less with the S-content of the metallic 
liquid at 9 GPa than at 0.1 MPa.  

Preliminary assessment of our larger dataset of 21 
trace elements suggests that there may be a consistent 
trend for the effect of pressure within a given transi-
tion-element row of the periodic table, although this 
conclusion needs further confirmation. Within a given 
row, elements to the left (such as Mo) appear to have 
decreased partitioning values with pressure while ele-
ments to the right (such as Sb) appear to have in-
creased partitioning values. 

Figure 3 shows results of applying the lattice strain 
model of [6] to third row transition metals in four of 
our experiments. As suggested by [6], a parabolic 
shape is apparent in our data. However, the best-fit 
value for the Young’s modulus (E) is drastically dif-
ferent between the four runs and increases consistently 
with increasing S-content of the metallic liquid. Thus, 
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it is unclear what physical meaning we should ascribe 
to this parameter since all four experiments were con-
ducted at the same pressure of 9 GPa. We are continu-
ing to investigate the application of this lattice strain 
model to our results, including also results from the 
first and second row transition metals.  
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Figure 1. Back-scattered electron images of Run 

#A436. The solid metal and liquid metal form two eas-
ily identified and distinct phases, and the liquid metal 
has a dendritic quench texture characteristic of S-
bearing metallic melts. 

 
Figure 2. Solid metal/liquid metal partition coeffi-

cients (D) for Ge, Mo, and Sb are compared to previ-
ously published 1 atm and elevated pressure values. 

 
Figure 3. Onuma diagram for third row transition 

metals from four of our experiments. Best-fit parabolas 
are from using the lattice strain model of [6]. 
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