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Introduction:  The composition of metallic liquids 
can dramatically affect the partitioning behavior of 
elements during planetary processes. In particular, the 
“light element” content of a metallic liquid, those 
components in the liquid that are present at wt% levels 
with atomic numbers much lower than Fe, can have a 
significant influence. Determining the light element 
influence on partitioning behavior is important for un-
derstanding planetesimal differentiation, large-scale 
planetary core formation, and core crystallization. 

The influence of the light elements S [e.g. 1], P 
[e.g. 2], C [e.g. 3], and Si [e.g. 4] have been the focus 
of previous experimental studies. Oxygen is also con-
sidered to be a potentially important light element in 
planetary cores [e.g. 5], but experiments to date have 
been limited, due largely to challenges of working in 
Fe-O-bearing systems. Here we present new results 
from an experimental study in the Fe-S-O system. By 
producing equilibrium experiments with two immisci-
ble metallic liquids, we are able to determine the effect 
of O as a light element in metallic liquids on element 
partitioning behavior.  

Method:  Experiments were conducted in a 1 atm 
vertical tube furnace. Powdered starting compositions 
(mixtures of Fe, FeS, FeO powders doped with >20 
trace elements at hundreds of ppm each) were placed 
in alumina crucibles in sealed, evacuated silica tubes, 
similar to other experimental partitioning studies in 

metallic systems [e.g. 1-4]. The enabling feature of this 
experimental study was that starting compositions and 
temperatures (1400-1600°C) were selected to produce 
two immiscible metallic liquids in the Fe-S-O system. 
Run products without solid phases and at higher tem-
peratures facilitated reaching equilibrium in a few 
hours while minimizing reaction with the crucible, in 
contrast to previous experiments investigating parti-
tioning between solid metal and liquid metal in the Fe-
S-O system [6]. Figure 1 shows back-scattered elec-
tron images of a typical run product, with two well-
separated metallic liquids, each with a distinct quench 
texture. Experiments were first analyzed for the major 
elements of Fe, S, and O using a JEOL FE-SEM at the 
Carnegie Institution of Washington. Trace element 
concentrations were measured by laser ablation ICP-
MS microanalysis at Florida State University. 

Results and Implications:  Figure 2 shows the 
partitioning results for six experiments at 1500°C 
where the major difference between the runs was the 
O-content of the O-rich liquid. The majority of ele-
ments exhibit O-avoidance behavior, similar to their 
established S-avoidance tendencies. Of particular note, 
these experiments show that this is true for the ele-
ments Pt, Re, and Os for the first time, and thus the 
crystallization of an O-bearing core would not be ex-
pected to create large fractionations between these el-
ements. 

 

 
Figure 1. A. Back-scattered electron image showing a typical run product with two equilibrium, S-bearing liquids: 
one essentially O-free (<1 wt% O) and one O-rich (6-14 wt% O). B. The quench texture of the O-free liquid consist-
ed of Fe dendrites surrounded by mainly FeS. C. The quench texture of the O-rich liquid consisted of FeO and Fe 
dendrites with a fine-grained interstitial mixture of FeO and FeS, depending on the O-content of the liquid. 
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Figure 2.  Partitioning 
results for experiments 
with two liquids in the Fe-
S-O system at 1500°C. 
The grey shaded region 
represents the general par-
titioning values that would 
be expected in the O-free 
Fe-S system for these el-
ements, based on the 
model of [9]. For ease of 
comparison, elements are 
ordered by increasing par-
tition coefficient as calcu-
lated by this model. 

 
Figure 3. All experimental results for A. Ni and B. W, 
illustrating similar partitioning behavior for 1400-
1600°C experiments. 

 
In contrast, W and Ga, and to a lesser extent Zn, 

show an affinity, rather than an avoidance, for O in the 
metallic liquid, partitioning more strongly into the me-
tallic liquid when O is present. This observation is 
consistent with earlier solid metal/liquid metal experi-

ments [6] and a recently reported meteoritic example 
[7]. Thus, an O-bearing metallic liquid phase during 
planetary core formation, for example, could signifi-
cantly influence the metal/silicate partitioning behavior 
of W and Ga in a manner opposite to that of other si-
derophile elements [8]. 

Figure 3 plots results for Ni and W from all exper-
iments in our study. The effect from varying tempera-
ture between 1400-1600°C is minor in comparison to 
the influence of O on the partitioning behavior.  

These new experimental results enable the effect of 
O as a light element in metallic liquids on partitioning 
behavior to be taken into account when modeling plan-
etary processes. Additionally, the distinctive chemical 
signature imposed on W and Ga by the presence of O 
in the metal can be used to evaluate if an O-bearing 
metallic liquid was involved during planetary evolu-
tion scenarios. 
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