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Abstract
The pressure dependence of Si diffusion in g-Fe was investigated at pressures of 5–15 GPa and
temperatures of 1473–1673 K using the Kawai-type multi-anvil apparatus to estimate the rate of mass
transportation for the chemical homogenization of the Earth’s inner core and those of small terrestrial
planets and large satellites. The obtained diffusion coefficients D were fitted to the equation D = D0
exp[–(E* + PV*)/(RT)], where D0 is a constant, E* is the activation energy, P is the pressure, V* is the
activation volume, R is the gas constant, and T is the absolute temperature. The least-squares analysis
yielded D0 = 10-1.17±0.54 m2/s, E* = 336 ± 16 kJ/mol, and V* = 4.3 ± 0.2 cm3/mol. Moreover, the pressure and temperature dependences of diffusion coefficients of Si in g-Fe can also be expressed well
using homologous temperature scaling, which is expressed as D = D0exp{–g[Tm(P)]/T}, where g is a
constant, Tm(P) is the melting temperature at pressure P, and D0 and g are 10-1.0±0.3 m2/s and 22.0 ± 0.7,
respectively. The present study indicates that even for 1 billion years, the maximum diffusion length
of Si under conditions in planetary and satellite cores is less than ~1.2 km. Additionally, the estimated
strain of plastic deformation in the Earth’s inner core, caused by the Harper–Dorn creep, reaches more
than 103 at a stress level of 103–104 Pa, although the inner core might be slightly deformed by other
mechanisms. The chemical heterogeneity of the inner core can be reduced only via plastic deformation
by the Harper–Dorn creep.
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Introduction
The face-centered cubic (fcc) structure of iron (g-Fe) is
stable at relatively high temperature (>700 K) and low pressure
(<100 GPa) conditions (e.g., Komabayashi and Fei 2010) and has
been regarded as the dominant phase in the metallic cores of small
terrestrial planets such as Mercury and Mars and large satellites
such as the Moon and Ganymede (e.g., Tsujino et al. 2013). The
cores of terrestrial planets are primarily composed of iron alloys
with certain amounts of light elements (e.g., Birch 1952). Because
g-Fe can contain 5–7 wt% of Si as a substitutional impurity at
10–40 GPa (e.g., Lin et al. 2002), Si can be incorporated in g-Fe
as a light element in the solid inner cores of small planets and
large satellites. On Earth, a high Mg/Si ratio in the fertile mantle
compared to the cosmic abundance of Si, the so-called “missing
Si” (MacDonald and Knopoff 1958), strongly suggests the presence of Si in the core. Moreover, the ratio of heavier Si isotopes
(29Si/28Si) in the bulk silicate being higher than that in chondrites
is interpreted to have been a result of the fractionation of metal
silicate (e.g., Georg et al. 2007). Thus, Si has been regarded as an
important light element in the Earth’s core and in those of small
planets and satellites.
Seismological studies of the Earth’s inner core have revealed
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that there are both spherical (e.g., Ishii and Dziewonski 2002) and
hemispherical (e.g., Tanaka and Hamaguchi 1997) heterogeneities
that could be responsible for the formation of chemical heterogeneities during the growth of the inner core. The maintenance
or sustainability of these heterogeneities in the inner core on a
geological timescale depends on the degree of material movement
directly from atomic diffusion. Another homogenizing mechanism
in the inner core is mechanical stirring and mixing accompanied
by convection, which is controlled by the rheological properties
of Fe. It is known that under the conditions of high temperature
(>0.6 Tm, where Tm is the melting temperature) and low stress
(<10-3 m, where m is shear modulus), atomic diffusion is the ratedetermining process of three dominant deformation mechanisms:
the dislocation creep controlled by dislocation climb; diffusion
creep; and Harper–Dorn creep (e.g., Frost and Ashby 1982). Although the hexagonal close-packed (hcp) structure of iron (e-Fe)
would be stable at conditions in the Earth’s inner core (Tateno et
al. 2010), the diffusion coefficient in e-Fe could be comparable to
that in g-Fe because both phases have the closest packed structure
with, ideally, the same interatomic distances (Reaman et al. 2012).
Diffusion data of g-Fe are applicable to discussing the processes
in the Earth’s inner core. Therefore, atomic diffusion in g-Fe is
key to understanding the evolution of planetary and satellite cores.
The self-diffusion of Fe and diffusion of substitutional elements
in g-Fe at ambient pressure is well known (e.g., Buffington et al.
1961; Oikawa 1982). The diffusivity of substitutional elements in
g-Fe is not significantly different from the self-diffusivity of Fe
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