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The Earth’ s core is considered to consist of Fe-Ni alloy with some |ight elements (H, C, 0, Si, S).
Hydrogen (H) is the most abundant element in the universe and one of the promising candidates for |ight
elements in the Earth’ s core. However, the amount of H in the core and the process/contribution are
still unknown because H cannot be experimental |y detected using X-ray and it easily escapes from iron
by the release of pressure. Recently, H contents in Fe at high pressure and high temperature (high-PT)
have been determined using in-situ neutron diffraction measurements. Our previous study [Iizuka-Oku
et al., 2017 Nat. Commun.] suggested that H had preferentially dissolved into iron before the other
light elements have dissolved in the early stage of Earth’s evolution. Our final goal is to clarify
the behaviors of multiple light elements during the formation of Earth and other planetary cores. Using
in—situ high-PT neutron and X-ray observations, this study focused on sulfur (S) and investigated its
effect on hydrogenation of several iron compounds in iron-hydrous silicate system with water and
S, simulating an ideal composition of the primitive Earth

A series of reactions (phase transitions of Fe, dehydration of the hydrous mineral, and formation of
iron sulfide (FeS) and silicates (olivine, enstatite) were observed with temperature increasing. The
X-ray imaging successful ly visual ized that Fe droplets coalesce together, migrate by thermal convection,
and then sink to the core. The solubility of H in Fe increased with temperature (= endothermic reaction)
and also had positive correlation with pressure. The lower H contents obtained in the present study
were because of a slow hydrogenation process through the redox reaction. Although S seemed to inhibit
the dissolution of H into iron, the volume of FeS did not increase regardless of time and its hydrogenation
was negligible. Recovered samples also exhibited that both H and S are siderophile elements and can
be preferentially incorporated into solid Fe and lower the melting temperature. It is suggested that
the other light elements (C, 0, Si) could have dissolved into molten iron hydride and/or FeS in the
later process of Earth’ s core-mantle differentiation at much higher-PT condition.




