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Abstract
Physical properties of mantle minerals are essential for comprehensive geodynamic modeling. High-

pressure experiments allow measurements of physical properties but fundamental insights into their 
evolution with pressure are often experimentally inaccessible. Here we report the first in situ experi-
mental determination of the optical refractive index, its wavelength-dispersion, and optical absorption 
coefficient of ferropericlase up to ~140 GPa at room temperature. All these properties change gradually 
in dominantly high-spin (below ~50 GPa) and low-spin (above ~80 GPa) ferropericlase. However, in 
the mixed-spin state (i.e., significant presence of both high- and low-spin iron), the index dispersion 
and the absorption coefficient decrease by a factor of three and ~30%, respectively. These anomalies 
suggest that charge transport by small polaron is reduced in mixed-spin ferropericlase, providing fun-
damental insights into the factor-of-three lower electrical conductivity of ferropericlase at ~50–70 GPa.
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Introduction
Physical properties of the Earth’s mantle and core are at the 

center of our understanding of planetary evolution. For example, 
if the electrical conductivity of the lowermost mantle is suffi-
ciently high, the conducting core and the mantle may exchange 
angular momentum, producing detectable intradecadal signals in 
the length of day (Duan and Huang 2020; Holme and de Viron 
2013) or imposing preferred paths of geomagnetic reversals 
(Buffett 2015; Runcorn 1992). Furthermore, the mantle acts as 
a filter on the magnetic field of the core; thus, knowledge of the 
electrical conductivity of the mantle is needed to decipher the 
dynamo history from the geomagnetic record (Alexandrescu et al. 
1999; Bloxham and Jackson 1992; Constable 2015). Ferroperi-
clase (Fp), being the second most abundant mineral in the lower 
mantle and the dominant host of iron (Irifune et al. 2010; Piet et 
al. 2016), likely governs the bulk electrical conductivity of that 
region. Accordingly, the electrical conductivity of Fp has been 
the subject of many experimental and theoretical investigations.

Earlier experimental measurements of electrical conductivity at 
pressures below ~30 GPa have established that the conductivity of 
Fp is very sensitive to its overall iron content (Dobson et al. 1997; 
Hansen and Cutler 1966; Li and Jeanloz 1990). Perhaps even more 
importantly, pressure (P), temperature (T), and oxygen fugacity, 
all of which vary in the mantle with depth, affect the conductivity 

of Fp (Dobson and Brodholt 2000; Wood and Nell 1991). Two 
different charge transfer mechanisms have been identified in Fp. 
At T < ~1000 K, the activation energies and the dependence of 
electrical conductivity on the Fe3+/Fetotal ratio indicate that the 
dominant conduction mechanism is the electron hopping between 
Fe2+ and Fe3+ (small polaron) (Dobson et al. 1997; Iyengar and 
Alcock 1970). At mantle temperatures (T > ~1000 K), however, 
the extant experimental data are consistent with the mechanism 
that involves Fe-O charge transfer (large polaron) (Dobson et al. 
1997). Subsequent measurements to ~100 GPa found that the 
room-temperature conductivity of Fp increases by a factor of ~10 
upon compression to 50 GPa, drops by a factor ~3 at 50–70 GPa, 
and then either increases upon further compression (Lin et al. 
2007) or is almost insensitive to pressure (Ohta et al. 2007). The 
factor-of-three drop in room-temperature electrical conductiv-
ity at 50–70 GPa is concomitant with the iron high-to-low spin 
transition in Fp (Glazyrin et al. 2016; Lin et al. 2007) and has 
been attributed to the decreased mobility and/or density of charge 
carriers (small polaron) in low-spin Fp (Lin et al. 2007; Ohta et 
al. 2007). Optical studies indirectly support this conclusion as 
the overall absorbance in the visible range, which is a measure of 
high-frequency electronic conductivity, decreases with pressure in 
low-spin Fp (Goncharov et al. 2006; Keppler et al. 2007; Schifferle 
and Lobanov 2022). This decrease in absorbance, however, is 
somewhat questionable because of the unknown sample thickness 
at high pressure, which is also expected to decrease with pressure 
in a strongly non-isotropic fashion (Lobanov and Geballe 2022). 
Reliable in situ measurements of sample thickness are thus needed 
to quantify the absorption coefficient of Fp at high pressure and 
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