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A major controversy about the Earth's solid inner core concerns seismic anisotropy: the observation that seismic
compression waves propagate approximately 3% faster along the polar axis than in the equatorial plane. The
Earth's core is largely composed of Fe, with a solid inner and liquid outer core, and recent studies support the
hypothesis that the phase of Fe in this region is hexagonal close packed (hcp). A simple model of the anisotropy
has been proposed, based on partial alignment of hcp crystallites. A key ingredient of any such theory is single-
crystal elastic constants ¢ and c33.

The recent use of electronic structure theory to calculate Earth's core properties has had notable successes,
including the use of molecular-dynamics and other approaches to address high-temperature properties[1, 2, 3].
Elastic constants in particular have been calculated at zero temperature[4], and also at high temperature using the
particle-in-cell (PIC) approximation[5]. Significantly, the PIC approximation indicates a strong temperature
dependence of the axial ratio c¢/a, leading to a strong temperature dependence of the elastic constants. This has the
effect of reversing the crystallite orientation required to explain the observed seismic anisotropy. However, the
usefulness of the PIC approximation remains controversial[6].

In order to help resolve this issue, we have performed ab initio electronic structure calculations of the axial ratio
and elastic constants of hep Fe at a range of pressures and temperatures relevant to the Earth's core. The
calculations are based on density functional theory in the generalised gradient approximation, using techniques
which have been highly effective in a range of previous work[7]. The statistical mechanical methods do not entail
the approximations involved in the particle-in-cell model. Instead, we perform calculations in two stages. In the
first stage we use ab initio calculations of the full phonon spectrum to obtain the free energy as a function of
elastic distortion, and hence the equilibrium axial ratio and elastic constants as a function of temperature. In the
second stage, we calculate the time-averaged stress as a function of distortion using ab initio molecular dynamics,
to evaluate the size of anharmonic corrections.

Our harmonic calculations indicate that the variation with temperature of axial ratio is much weaker than
suggested by previous calculations. Molecular dynamics calculations indicate in turn that anharmonic corrections
are relatively small. We use our results to reassess the mechanisms of seismic anisotropy in the inner core.

[1] Alfe et al. (2001) Phys. Rev. B 64, 045123

[2] Stixrude ef al. (1997) Space Phys. 102, 24729

[3] Stixrude et al. (1998) Rev. Miner. 37, 639

[4] Stixrude ef al. (1995) Science 297, 1972

[5] Steinle-Neumann et al. Nature 413, 6851

[6]Gannarelli et al. (2003) Phys. Earth Planet. Inter. 139, 243
[7]Alfe et al. (2002) Phys. Rev. B 65, 165118



