In-situ high-pressure and high-temperature study of the Fe-S-O-H system
: Implications to Martian core
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Silicon, oxygen, sulfur, hydrogen, and carbon are suggested as possible light elements in the Earth’s core. Mars, which is adjacent to Earth and the outermost terrestrial planet in the solar system, has a slightly different light element candidates compared to the Earth. The P-T-fO2 conditions of Martian core formation and chemical analysis of SNC meteorites (Shergotty-Nakhla-Chassigny group) indicate that sulfur is dominant light element in Martian core. Recently obtained InSight seismic data suggests that an Fe-Ni core should contain about 10–15 wt.% of S, ~5 wt.% of O and ~1 wt.% of H, C to satisfy the size and density of its liquid metallic core (Stahler et al., 2021). Therefore, it is important to understand the reactions in the Fe-S-O-H system to understand the deep interior of Mars and other terrestrial planets.
Here by using in-situ synchrotron X-ray diffraction (XRD) on laser-heated diamond anvil cell (DAC) and postmortem observations using focused ion beam (FIB) and energy dispersive X-ray spectroscopy (EDS), we have investigated the chemical reactions in the Fe-S-O-H system in a pressure-temperature range between 15–70 GPa and 1200–3000 K, which would cover the P-T conditions of the Martian core. As a starting sample, FeS was mixed with brucite (Mg(OH)2) to provide ca. 2 wt.% H2O in the Fe-S-O-H system. Within the P-T range we covered, FeS reacted with Mg(OH)2 to produce a pyrite (FeS2), together with FeO and MgO. We confirm that Fe-S phases are separated from Fe-O phases into the surroundings of the heating center, which is consistent with the decreasing intensity of Fe-S phases in the XRD data as pressure and temperature increase. This result suggests the possible evolution of separate iron layers in the cores of light element-rich planets such as Mars.
