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abstract

We performed melting experiments on Fe-O alloys up to 204 GPa and 3500 K in a diamond-anvil 
cell (DAC) and determined the liquidus phase relations in the Fe-FeO system based on textural and 
chemical characterizations of recovered samples. Liquid-liquid immiscibility was observed up to 
29 GPa. Oxygen concentration in eutectic liquid increased from >8 wt% O at 44 GPa to 13 wt% at 
204 GPa and is extrapolated to be about 15 wt% at the inner core boundary (ICB) conditions. These 
results support O-rich liquid core, although oxygen cannot be a single core light element. We estimated 
the range of possible liquid core compositions in Fe-O-Si-C-S and found that the upper bounds for 
silicon and carbon concentrations are constrained by the crystallization of dense inner core at the ICB.
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intrOductiOn

Oxygen is one of the likely candidates for light elements in the 
Earth’s core (Hirose et al. 2013; Morard et al. 2017). This hypoth-
esis is supported by recent first-principles calculations showing 
that both the density and sound velocity observed in the liquid core 
are compatible with the presence of oxygen (Badro et al. 2014). 
The earlier calculations by Alfè et al. (2002) also stated that oxygen 
is an important alloying element in the core; it is mostly partitioned 
into liquid iron and can thus account for the large density contrast 
observed across the inner core boundary (ICB).

Liquidus phase relations, in particular, eutectic composition, 
provide another clue to constrain the outer core composition. 
Even if oxygen is likely to be an abundant core light element, the 
liquid core should not crystallize as FeO at the ICB; FeO is indeed 
lighter and thus cannot form the denser solid inner core. Previous 
experiments clearly demonstrated that oxygen concentration in 
the Fe-FeO eutectic liquid increases with increasing pressure 
(Ohtani et al. 1984; Ringwood and Hibberson 1990; Seagle et al. 
2008). Komabayashi (2014) developed a thermodynamic model 
that predicts ~12 wt% O in the eutectic liquid composition at 
330 GPa corresponding to the pressure at the ICB. The most 
recent study by Morard et al. (2017) carried out melting experi-
ments on Fe-FeO to 102 GPa. They reported a sharp and large 
increase in oxygen concentration in the eutectic liquid around 
80 GPa, which contradicts earlier experimental results and the 
thermodynamic model (Seagle et al. 2008; Komabayashi 2014).

Previous experiments showed immiscible Fe-rich metallic 
liquid and FeO-rich ionic liquid below 25 GPa (Ringwood and 
Hibberson 1990; Tsuno et al. 2007). Frost et al. (2010) found 
a small immiscible two-liquid region at 25 GPa and 2473 K, 

and the immiscibility is no longer observed at 50 GPa (Seagle 
et al. 2008). The disappearance of the two-liquid region from 
the Fe-FeO liquidus diagram should change the eutectic liquid 
composition, as illustrated in Figure 1.

Here we report melting experiments on Fe-O alloys up to 
pressures of 204 GPa, which extends the pressure range examined 
in earlier studies by a factor 2. On the basis of the eutectic liquid 
composition determined in the core pressure range, we discuss 
the presence of oxygen and other light elements in the outer core.

experimental metHOds
High-pressure and high-temperature (P-T) conditions were generated in a laser-

heated DAC using diamonds with a culet size of 120, 150, or 300 μm (Table 1). 
We employed homogeneous Fe-4.1wt%O and Fe-13.0wt%O starting materials, 
prepared by magnetron sputtering of Fe in an inductively coupled RF (radio-
frequency) reactive oxygen-rich argon plasma (Morard et al. 2017). A sample flake 
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Figure 1. Schematic illustration of the change in liquidus curve and 
eutectic point with changing interaction energy in liquid after Tanaka 
and Nagasaka (2006). 
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