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aBstract

Carbon has been suggested as one of the light elements existing in the Earth’s core. Under core 
conditions, iron carbide Fe7C3 is likely the first phase to solidify from a Fe-C melt and has thus been 
considered a potential component of the inner core. The crystal structure of Fe7C3, however, is still 
under debate, and its thermoelastic properties are not well constrained at high pressures. In this study, 
we performed synchrotron-based single-crystal X-ray diffraction experiment using an externally 
heated diamond-anvil cell to determine the crystal structure and thermoelastic properties of Fe7C3 up 
to 80 GPa and 800 K. Our diffraction data indicate that Fe7C3 adopts an orthorhombic structure under 
experimentally investigated conditions. The pressure-volume-temperature data for Fe7C3 were fitted by 
the high-temperature Birch-Murnaghan equation of state, yielding ambient-pressure unit-cell volume 
V0 = 745.2(2) Å3, bulk modulus K0 = 167(4) GPa, its first pressure derivative K0́ = 5.0(2), dK/dT = 
–0.02(1) GPa/K, and thermal expansion relation aT = 4.7(9) × 10-5 + 3(5) × 10-8 × (T – 300) K-1. We 
also observed anisotropic elastic responses to changes in pressure and temperature along the different 
crystallographic directions. Fe7C3 has strong anisotropic compressibilities with the linear moduli Ma 
> Mc > Mb from zero pressure to core pressures at 300 K, rendering the b axis the most compressible 
upon compression. The thermal expansion of c3 is approximately four times larger than that of a3 and 
b3 at 600 and 700 K, implying that the high temperature may significantly influence the elastic anisot-
ropy of Fe7C3. Therefore, the effect of high temperature needs to be considered when using Fe7C3 to 
explain the anisotropy of the Earth’s inner core.
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introDuction

Earth’s inner core is considered to consist primarily of iron 
alloyed with nickel and one or more light elements, e.g., sulfur, 
silicon, oxygen, hydrogen, and carbon, as informed by numerous 
geophysical and geochemical constraints (recently reviewed by 
Hirose et al. 2013; Li and Fei 2014; Litasov and Shatskiy 2016). 
The Fe-C system has been proposed as a candidate composition 
for the Earth’s core largely due to the high cosmochemical abun-
dance of carbon, the frequent occurrence of iron carbide phases 
in meteorites, and the high solubility of carbon in Fe-Ni liquids 
under the core-mantle differentiation conditions (Wood 1993). If 
the liquid core contained carbon, the iron carbide phase, Fe7C3, 
may have been the first phase to crystallize from the iron-carbon 
melt under core conditions rather than other iron carbide phases 
such as Fe3C, as suggested by previously published Fe-C phase 
diagrams (Fei and Brosh 2014; Lord et al. 2009; Nakajima et 
al. 2009). The extrapolated density and sound velocity of Fe7C3 
may account for the density deficit and low S-wave velocity 

(vs) of the inner core (Chen et al. 2012, 2014; Liu et al. 2016a; 
Nakajima et al. 2011). In addition, its high Poisson’s ratio at 
inner core conditions was suggested to be comparable to that 
of the inner core (Prescher et al. 2015). Moreover, the melting 
experiments by Liu et al. (2016b) suggested that Fe7C3 may be 
a constituent of the innermost inner core for a carbon-bearing 
core composition due to its high melting temperature.

The crystal structure of Fe7C3 has remained controversial over 
the last few decades. Previous experimental studies reported its 
structure as either hexagonal (P63mc) (Herbstein and Snyman 
1964) or orthorhombic (Pnma, Pmn21, Pmc21, Pmcn, or Pbca) 
(Barinov et al. 2010; Bouchard 1967; Fruchart et al. 1965; 
Prescher et al. 2015). Theoretical calculations also compared 
the stability of hexagonal and orthorhombic phases. Fang et 
al. (2009) determined that the orthorhombic phase (Pnma) is 
more stable than the hexagonal phase (P63mc), whereas Raza et 
al. (2015) calculated that the orthorhombic phase (space group 
Pbca) is the stable phase below 100 GPa and the hexagonal phase 
becomes more stable above 100 GPa.

The elastic constants of Fe7C3 were also calculated at 0 K 
for the two crystal structures with space groups of P63mc and 
Pbca (Mookherjee et al. 2011; Raza et al. 2015). There has been, 
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