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Abstract
Iron in ferropericlase experiences a spin crossover from a high spin to a low spin under lower mantle
conditions, which generates anomalies in many properties such as the heat capacity and sound velocity.
In this study, the effect of the spin crossover on thermal conductivity was evaluated by considering the
effects of the spin crossover on P wave velocity and heat capacity at constant volume but ignoring the
effect on the mean free path. The spin crossover completely changes the conventional pressure and
temperature dependences of the thermal conductivity. The spin crossover can significantly reduce the
thermal conductivity of ferropericlase. The pressure dependence of the thermal conductivity of ferropericlase will show a double-valley feature across the spin-crossover region at the appropriate temperature
(e.g., 1000 K). In contrast to the conventional decrease in the thermal conductivity with temperature,
the thermal conductivity of ferropericlase in the Earth’s D″ layer may increase with temperature in
some temperature regions. The unusual effect of spin crossover on the thermal conductivity can be
expected in other minerals with spin crossover. The spin crossover effect needs serious consideration
when estimating the thermal conductivity at the core-mantle boundary.
Keywords: Thermal transport, spin transition, high pressure, ferropericlase, thermodynamics,
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Introduction
Thermal conductivity of the mantle minerals is one of the key
parameters that control mantle convection. The heat flux from
the core, which is determined by the heat conductivity of the thin
layer overlying the core-mantle boundary (CMB), is critical to the
understanding of many processes, such as the Earth’s evolution,
mantle convection and geodynamo, while the thermal conductivity of the lower-mantle minerals at the CMB is fundamental in
estimating the heat flux from the core. Thus, the lattice thermal
conductivity of ferropericlase (Mg1–xFexO) bridgmanite and postperovskite have been investigated intensively both by experiments (Osako and Ito 1991; Katsura 1997; Manga and Jeanloz
1997; Beck et al. 2007; Goncharov et al. 2010; Manthilake et al.
2011; Dalton et al. 2013; Hofmeister 2014; Imada et al. 2014;
Rainey and Kavner 2014; Hofmeister and Branlund 2015; Ohta
et al. 2014, 2017; Hsieh et al. 2017, 2018; Okuda et al. 2017) and
theoretical calculations (de Koker 2009, 2010; Stackhouse et al.
2010, 2015; Tang and Dong 2010; Haigis et al. 2012; Dekura et
al. 2013; Tang et al. 2014; Ghaderi et al. 2017; Zhang et al. 2017).
The spin-state crossover of iron in the lower mantle minerals has
been found to affect their elasticity significantly, thermodynamic
properties, and transport properties (Lin et al. 2013). The spin
crossover may profoundly affect the lattice thermal conductivity
of the lower mantle. However, knowledge of the spin-crossover
effect on the lattice thermal conductivity is very limited. To our
knowledge, first-principle calculations were conducted on the Mg
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end-members of ferropericlase, bridgmanite, and post-perovskite.
Only a few experiments measured the lattice thermal conductivity of ferropericlase with pressures surpassing the spin-transition
pressure (Hsieh et al. 2018; Ohta et al. 2017). Ohta et al. (2017)
observed an anomalous reduction in thermal conductivity of
ferropericlase in the spin crossover region. Hsieh et al. (2018)
show that the reduction only occurs in ferropericlase with very
high iron concentration. The mechanism for the reduction has
not been fully explored. The controversial experimental results
call for theoretical investigations of the effect of spin crossover
on the thermal conductivity.
The lattice thermal conductivity can be expressed as (Hofmeister and Branlund 2015)


(1)
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where vP is the compressional velocity, CV is heat capacity at
constant volume, M is the molar formula weight, Z is the number
of formula units in the primitive unit cell, and 〈τ〉 is the mean free
lifetime. Equation 1 has been used to satisfactorily describe the
lattice thermal conductivity of several perovskites (Hofmeister
2010). As shown in Equation 1, klat is sensitive to the sound
velocity and heat capacity. Both are extremely affected by the
spin crossover of iron in ferropericlase. The spin crossover causes
an anomalous softening in the bulk modulus and significantly
reduces the vP of ferropericlase (Crowhurst et al. 2008; Fei et
al. 2007; Komabayashi et al. 2010; Lin and Tsuchiya 2008;
Mao et al. 2011; Marquardt et al. 2009; Tsuchiya et al. 2006;
Wentzcovitch et al. 2009; Z. Wu et al. 2013; Yang et al. 2015),
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