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Introduction: Earth's outer core is substantially
less dense that pure Fe-Ni, requiring ~3-9% of the core
to be composed of a "light" element or elements [1].
Taking into account their cosmochemical availability,
the elements H, C, O, Si, and S have been proposed as
significant light elements in Earth's core [2]. The identity(ies) of the light element(s) in Earth's core have
implications for understanding many fundamental
planetary processes, such as: the bulk composition of
Earth, the conditions during Earth's differentiation, the
thermal evolution of the core and the generation of the
geomagnetic dynamo, the present-day interactions at
Earth's core-mantle boundary, and the chemical evolution and crystallization of the core.
Because of the important implications associated
with the composition of the light element in Earth's
core, it is of interest to investigate the effects different
potential light elements have on the chemical behavior
of trace elements. The core's light element composition
affected how trace elements partitioned between the
silicate mantle and the metallic core during Earth's
core formation. The light element composition also
affects how trace elements partition between Earth's
solid inner core and the liquid outer core as Earth's
core continues to crystallize. Previous experimental
studies have examined the effects of S and C on the
partitioning behavior of numerous trace elements [3,
4]. However, similar studies for the elements of H, O,
and Si have not been conducted, due mainly to the
different phase relationships of these light elements
with Fe, making the simple solid metal-liquid metal
studies conducted for S and C not possible for H, O,
and Si.
In order to explore the effects of Si, we have conducted an experimental study in the Fe-S-Si system.
Here we present the methods used in the study and
new results for 22 trace elements. This study offers the
first look into the effect of Si in metal on trace element
partitioning behavior.
Methods: To determine the effects of S or C, previous studies conducted solid metal-liquid metal experiments in the Fe-(Ni)-S [3] and Fe-(Ni)-C [4] systems. Similar experiments in the Fe-Si system are not
possible because significant amounts of Si are soluble
in solid Fe metal, resulting in very little difference in
the Si content of coexisting solid metal and liquid
metal in the Fe-Si system. Experiments with coexisting
metal and silicate could be conducted with varying
amounts of Si in the metallic phase. However, varying

the Si content of the metal would also result in significant variations in the oxygen fugacity from experiment
to experiment, complicating the determination of compositional versus oxygen fugacity effects. Thus, we
decided to conduct experiments with two coexisting
metallic liquids in the Fe-S-Si system.
At 1 atm, there is a large liquid immiscibility field
in the Fe-S-Si system [5]. Experiments conducted with
bulk compositions that fall within the liquid immiscibility field result in two metallic liquids: one S-rich
and one Si-rich. By leveraging the well-determined
behavior of elements in S-rich liquids [3], the effect of
Si in a metallic liquid can be explored.
All experiments were conducted at 1 atm and
1400°C in a Deltech vertical tube furnace at the Applied Physics Laboratory. Starting powders of Fe, FeS,
and Si, with 22 trace elements doped at about ~100
ppm each, were placed directly in high purity silica
tubes, which were then evacuated, sealed, and hung in
the furnace for durations of ~20 hrs. Run products
were mounted in epoxy, sliced with a diamond saw,
and polished for inspection and analysis. Run products
consisted of two immiscible metallic liquids, as shown
in Fig. 1, and showed no significant interaction with
the silica tube.
The major element concentrations (Fe, S, and Si) of
the run products were analyzed using the JEOL 8900L
electron microprobe at the Carnegie Institution of
Washington. Trace element compositions of Ag, As,
Au, Co, Cr, Cu, Ga, Ge, Ir, Mo, Ni, Os, Pd, Pt, Re, Rh,
Ru, Sb, Sn, V, W, and Zn were measured by laser ablation inductively coupled plasma mass spectrometry
(ICP-MS) at the University of Maryland.
Results: In total, seven experiments with coexisting S-rich and Si-rich immiscible liquids were successfully conducted with a range of resulting liquid compositions. Figure 2 shows the S and Si compositions of
these seven experiments and the good agreement between the compositions of the experiments and the
published Fe-S-Si phase diagram [5].
Figure 3 shows the results for Ni as one example of
the 22 trace elements investigated. The experiments
contain two liquids, allowing a Si liquid/S liquid partition coefficient (D) to be directly measured. The Si
liquid/S liquid D values are then compared to the extensive solid metal/S liquid dataset. By using mathematical parameterizations of the solid metal/S liquid
data determined by previous work [6], the effect of S
can be accounted for, enabling the effect of Si to be

40th Lunar and Planetary Science Conference (2009)

1112.pdf

isolated and explored. In the case of Ni, as shown in
Fig. 3b, once the effect of S is taken into account, the
partitioning behavior of Ni is consistent with the solid
metal/liquid metal value in the light-element-free system [6] even though the liquid contains up to ~13 wt%
Si. This suggests that the presence of Si in a metallic
liquid has no significant effect of the partitioning behavior of Ni.
The data for Ni, as an example, illustrates the
method used to determine the effect of Si in metal on
the partitioning behavior of elements. Unlike Ni, other
elements show pronounced effects of Si on their partitioning behaviors. This new experimental dataset will
be used to explore the implications of having Si present in the metal during Earth's core formation and
core crystallization.
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Fig. 2. Compositions of the experimental runs show good
agreement with the Fe-S-Si phase diagram.
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Fig. 1. Back scattered electron images of run #TS5. A. The
run is composed of two immiscible metallic liquids, one Srich (darker gray) and one Si-rich (lighter colored). Laser
ablation ICP-MS analysis locations are visible as black lines.
Close-up views of the B. S-rich liquid and C. Si-rich liquid
are also shown.

Fig. 3. Results for Ni. a. The measured Si liquid/S liquid
partitioning value is plotted as a function of the S content of
the S-rich liquid and shown in comparison to solid metal/S
liquid data. By using the fit to the solid metal/S liquid data,
the effect of S can be accounted for, allowing the effect of Si
to be revealed. b. The calculated solid metal/Si liquid value
is plotted as a function of the Si content of the Si-rich liquid.

