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In-situ determination of solvus in the Fe-FeO system at 2-5 GPa
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Oxygen is a potential light element in the Earth’s outer core, e.g., Ringwood 1977. Recently, it was suggested that the proto
Earth may have had a more FeO-rich mantle than today and the FeO component could have been incorporated into metallic |
in a deep terrestrial magma ocean, Rubie et al., 2004. It is therefore necessary to investigate the partitioning behavior of Fe
between oxide and metallic Fe liquid over a wide pressure, temperature, and compositional range to clarifying planetary cor
differentiation processes. The solvus especially at 1bar in the Fe-FeO system and its pressure dependence are needed to cons
a precise thermodynamic model for oxygen solubility in liquid Fe over a wide P-T-X range covering the Earth and the other
terrestrial planets. However, the high diffusion rate of oxygen in metal at low pressures and high temperatures makes solvu
determination very difficult using a conventional quenching method. In situ observation is the only way to determine the solvus
at relatively low pressures, below 10 GPa. We conducted in-situ solvus determination experiments using synchrotron X-ray
radiography technique of SPring-8 between 2.7 and 5.4 GPa at temperatures up to 2500 degree C.

High temperature and relatively low pressure melting experiments in the Fe-FeO system with direct imaging of the sample
have been performed at the beamline BLO4B1. Pressure was generated using a Kawai-type multianvil press, SPEED1500, wi
truncated tungsten carbide cubes with edge length of 26mm. Truncated edge length of the cubes was 12mm. We used Cr2C
doped MgO octahedra with edge length of 18 mm as pressure medium. Graphite was used as heater material. We used two ki
of material for sample container, single crystal MgO and BN. Both of them have high X-ray transparency and high chemical
stability against Fe-FeO liquid. We measured temperature with W3%Re-W25%Re thermocouple. We used a Fe-FeO layere
sample, volume proportions: 4.6, 7:3, in single MgO crystal or BN capsules.

With FeO rich starting material, sample reacted with a container and the reaction caused breaking of the sample containe
before reaching solvus temperature. We could observe immiscible two liquid became one liquid with a composition Fe:FeO=7:3
in volume, at 3 different pressures, 2.7, 4.1, and 5.4 GPa. Temperatures indicated by thermocouple were 2050 degree C, 1950 «
gree C, and 1850 degree C respectively. We need to examine temperature difference between thermocouple junction and samy
but present results clearly show negative pressure dependence on solvus temperature in the Fe-FeO system in this experime
pressure range, 2.7-5.4GPa.
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