Phonons' anharmonicity at extremes temperature and pressure conditions: implication for the thermal conductivity of planetary mantles
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ABSTRACT 

Thermal conductivity of minerals composing planetary mantles plays a fundamental role in controlling the heat propagation and hence the dynamic history of a planet. Here we present an experimental and theoretical study of the lattice dynamics and thermal conductivity of MgO as a function of temperature and pressure, accounting for phonon scattering and the renormalization it induces. Our Infrared and Inelastic X ray scattering measurements of phonon energies and linewidths [1,2] validate the calculations pointing to a complex interplay between pressure-induced and temperature-induced effects, which influences the predominance of 3- or 4-phonon contributions. Our study reveals that calculations accounting only for 3-phonon scattering underestimate thermal conductivity by 20-45% under the conditions of the Earth's lower mantle, while including anharmonic renormalization up to fourth order provides results in good agreement with experiments. Moreover, our results indicate that extrinsic effects such as isotopic disorder, oxygen vacancies and iron inclusion effectively reduce thermal conductivity of lower mantle minerals, contributing to the thermal blanketing that limits the heat flux from the core [3].
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