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Abstract： 

Geochemical, geophysical, and cosmochemical data suggest 0.9mol% to 4.5mol% 

carbon in Earth’s core, which is expected to reduce the density of iron at the 

Earth’s core conditions. Here we report alloying effects of carbon on density and 

compressibility of iron at high pressure and high temperature. The P-V-T relations 

of hcp-Fe99.1C0.9 were measured up to 108 GPa and 2100 K using synchrotron X-

ray diffractions upon laser heating and external resistive heating. Hcp-Fe99.1C0.9 

exhibits obvious Invar effect (small thermal expansion) and softening compared 

with pure iron. The incorporation of 0.9mol.% carbon into hcp-Fe reduces its 

thermal expansion coefficients by 51-94%. The softening of Fe99.1C0.9 is confirmed 

by the reduction of Coulomb repulsion between Fe-Fe atoms according to X-ray 

emission spectra. At inner core conditions (330-363 GPa and ~6000 K), the 

incorporation of 0.9mol% carbon would densify hcp-Fe by ~1.6%. In terms of the 

results, we suggest carbon shouldn’t be the sole light element in the Earth’s core 

and more other light element(s) is/are required if carbon incorporates into the 



Earth’s inner core. 


