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Carbon (C) and hydrogen (H) are essential elements for life on our habitable planet. The deep 

carbon and hydrogen cycles are crucial for our understanding of the physiochemical processes 

and evolution of Earth’s deep interior and its interaction with the surface. Native iron (Fe) has 

been proposed to exist as minor component in the deep mantle below the depth of ~250 km, and 

as major element in the Earth’s core. Phase relations in the Fe-C-H system at high pressure and 

high temperature are thus important to understand the deep C and H cycles. Recent studies on the 

reactions between Fe and excess hydrocarbon showed that Fe carbide and molecular hydrogen 

formed first at high pressures and relatively low temperatures. With increasing temperature, Fe 

hydride and diamond were formed instead due to the inversed stability between Fe carbide and 

Fe hydride at the experimentally investigated pressure-temperature conditions (Hirose et al., 

2019; Narygina et al., 2011; Thompson et al., 2018); In addition, a recent study demonstrating 

the failure of hydrogenation of Fe3C also led to the conclusion that C and H cannot coexist in Fe 

(Litasov et al., 2016). However, this may only occur when the content of C and H are in excess 

compared with Fe. In the present study using laser-heated diamond anvil cell combined with in 

situ synchrotron-based X-ray diffraction, we investigated the reactions of Fe with excess C-H 

content and demonstrated the inversed stability between Fe carbide and Fe hydride at high 

pressures with increasing temperatures. We also successfully synthesized a hcp-type Fe-C-H 

alloy (Fe-1.2wt.%C-Hx, x=0.5-0.6) at high pressures when Fe was in excess. In this case, both C 

and H can coexist in the structure and accommodate the interstitial sites of hcp-type Fe. We 

found that the density of hcp-type Fe can be significantly reduced by adding C and H in its 

crystal structure at high pressures. The equation of state of this Fe-C-H alloy was obtained and 



compared with Fe to understand the effect of hydrogen on the elastic properties of Fe alloys. The 

discovery of Fe-C-H alloy indicates that C and H can coexist in Fe and the Fe-C-H can serve as a 

potential reservoir for both C and H cycled into the mantle by subduction process and a potential 

iron alloy in the Earth’s core. 
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