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Introduction: The principle of using stable iso-

topes to probe the bulk chemical composition of plan-
ets lies with the combination of isotope fractionation 
and sequestration of elements in unseen reservoirs like 
the core. Isotope fractionation will exist between phas-
es with distinct bonding environments (e.g., core and 
mantle), and separation of elements between reservoirs 
manifests this fractionation. Theoretical calculations 
predict that as temperature increases and mass increas-
es the equilibrium isotopic fractionation factor be-
comes negligible (or at least unresolvable). However, 
with the advent of the Multiple Collector Inductively 
Coupled Plasma Mass Spectrometer (MC-ICPMS) a 
larger portion of the periodic table has become availa-
ble and better precision has allowed new research to be 
done. Suddenly with this new technique it became ap-
parent that stable isotopes of even the “heavy” ele-
ments such as Fe could have resolvable fractionations. 
 During the differentiation process, the molten iron 
metal will alloy with other elements on its route to the 
center of the planetary body. Which elements it bonds 
with will be a function of the conditions attending the 
core formation. For example, at high temperature un-
der reducing conditions Si is likely to alloy with iron 
[1] however, in more oxidizing conditions sulfur is 
likely to enter the metal [2].  
 On Earth, seismic data show that there is a density 
difference between pure iron and the density of the 
core inferred from the velocities of the seismic waves 
within the Earth’s interior. This discrepancy implies 
that there are elements other than Fe (and Ni since Ni 
does not change the density of Fe much) within the 
core of the Earth. The main candidates considered are 
carbon, sulfur, oxygen, silicon and hydrogen. Deter-
mining which elements reside in the Earth’s interior 
requires indirect methods such as high pressure and 
temperature experimental studies. However, on other 
planets or differentiated bodies (other than the Earth’s 
moon) the seismic data do not exist. So determining 
the elements within the core requires putting together 
several lines of indirect evidence and has been the fo-
cus of many geochemical, geophysical and experi-
mental studies. We contend that by determining the 
iron isotopic fractionation between metal and silicate 
we can provide an independent constraint on the com-
position of a planetary body interior and specifically 
address the likelihood of each light element in the core. 
 The goal of this work is to determine fractionation 
factors of Fe between silicate and various iron alloys at 
high pressure and temperature and then use those val-

ues to explain the difference in isotopic ratios found in 
meteoritic materials in order to learn about processes 
that occurred in the early stages of the solar system.   

Methods:  We conducted experiments in a piston 
cylinder apparatus using a mixture of synthetic mantle 
compositions and an Fe-Ni-(S, Si, or C) alloy. By 
varying the light element, we aimed to determine the 
effect of bond partner on the isotopic fractionation of 
iron between metal and silicate. One side of the exper-
iment was polished and analyzed with an electron mi-
croprobe or SEM for chemical analysis. The rest of 
each sample was crushed, separated, and purified for 
iron isotope analyses. Iron isotope ratios were meas-
ured with a Nu Plasma II multiple collector inductively 
coupled plasma mass spectrometer.  
 Results: Our experiments show a strikingly strong 
dependence of the fractionation factor between metal 
and silicate with sulfur content in the iron alloy. The 
similarity in Fe content of the glasses and metals sug-
gests that all experiments have nearly the same fO2 as 
demonstrated by a calculation comparing the mole 
fraction of FeO in the silicate to the mole fraction of Fe 
in the metal. While fO2 has been argued to be the lead-
ing mechanism for iron isotopic fractionation at high 
temperature, in this case, the addition of a light ele-
ment into the metal is causing the fractionation. These 
data can now be used to place an estimate on the 
amount of sulfur in the core of differentiated bodies. 
 In general, by comparing the experimental data 
with meteoritic data, the composition of planetary 
cores can be estimated as well as the conditions under 
which it formed. 
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