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Abstract
The electronic spin state of Fe in ferropericlase, (Mg0.75Fe0.25)O, transitions from a high-spin
(spin unpaired) to low-spin (spin paired) state within the Earth’s mid-lower mantle region. To better
understand the local electronic environment of high-spin Fe2+ ions in ferropericlase near the transition, we obtained synchrotron Mössbauer spectra (SMS) of (Mg0.75,Fe0.25)O in externally heated and
laser-heated diamond anvil cells at relevant high pressures and temperatures. Results show that the
quadrupole splitting (QS) of the dominant high-spin Fe2+ site decreases with increasing temperature at
static high pressure. The QS values at constant pressure are fitted to a temperature-dependent Boltzmann
distribution model, which permits estimation of the crystal-field splitting energy (∆3) between the dxy
and dxz or dzy orbitals of the t2g states in a distorted octahedral Fe2+ site. The derived ∆3 increases from
approximately 36 meV at 1 GPa to 95 meV at 40 GPa, revealing that both high pressure and high
temperature have significant effects on the 3d electronic shells of Fe2+ in ferropericlase. The SMS
spectra collected from the laser-heated diamond cells within the time window of 146 ns also indicate
that QS significantly decreases at very high temperatures. A larger splitting of the energy levels at high
temperatures and pressures should broaden the spin crossover in ferropericlase because the degeneracy
of energy levels is partially lifted. Our results provide information on the hyperfine parameters and
crystal-field splitting energy of high-spin Fe2+ in ferropericlase at high pressures and temperatures,
relevant to the electronic structure of iron in oxides in the deep lower mantle.
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Introduction
Electronic spin-pairing transitions of iron and associated
effects on the physical properties of host mineral phases have
been reported in lower-mantle minerals including ferropericlase,
silicate perovskite, and possibly in post-perovskite at lowermantle pressures (e.g., see Lin and Tsuchiya 2008 for a recent
review). The spin transition of iron in ferropericlase with about
20 mol% iron begins at ~50 GPa and room temperature (Badro
et al. 2003; Speziale et al. 2005; Lin et al. 2005a, 2006a, 2007a,
2007b; Gavriliuk et al. 2006; Kantor et al. 2006; Persson et al.
2006). At lower-mantle pressure-temperature conditions, a broad
spin transition zone in ferropericlase occurs between ~1000 km
in depth to 2200 km, i.e., spanning much of the lower mantle
(Sturhahn et al. 2005; Tsuchiya et al. 2006; Lin et al. 2007c). The
spin transition of iron is important to our understanding of the
geophysics and geodynamics of the Earth’s lower mantle (e.g.,
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Lin et al. 2008) because it affects the density (Lin et al. 2005a;
Speziale et al. 2005; Fei et al. 2007), incompressibility (Lin et
al. 2005a; Tsuchiya et al. 2006; Speziale et al. 2007), and sound
velocities (Lin et al. 2006b; Crowhurst et al. 2008) of the host
minerals. The transition also reduces radiative thermal conductivity (Goncharov et al. 2006; Keppler et al. 2007) and electrical
conductivity (Lin et al. 2007d) in the low-spin ferropericlase.
Furthermore, elastic mode-softening within the transition was
recently reported (Crowhurst et al. 2008).
Electronic transitions of Fe2+ in ferropericlase have been studied by Mössbauer spectroscopy at high pressures (Speziale et al.
2005; Garviliuk et al. 2006; Kantor et al. 2006; Lin et al. 2006b),
absorption spectroscopy at high pressures (Goncharov et al. 2006;
Keppler et al. 2007), and by X-ray emission spectroscopy at high
pressures and/or temperatures (Badro et al. 2003; Lin et al. 2005a,
2007c). X-ray emission spectroscopy of the FeKβ peak is sensitive to the net spin moment of the 3d electrons and has been used
to derive the fraction of the high-spin to low-spin states at high

