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Key properties

Equilibrium

o kA L b E

Structure search
Equation of state
Phase equilibrium
Thermodynamics
Elastic tensor

Element partitioning

Transport

1. Thermal conduction
2. Electrical conduction

3. Atomic diffusion



Ab initio mineral physics

Density Functional Theory
(Hohenberg & Kohn 64; Kohn & Sham 65)
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Structure search

MgSiO,; Bridgmanite Si0, a-Quartz

Tsuchiya+ (04) EPSL
Tsuchiya & Tsuchiya (11) PNAS



New high-pressure hydrous phase H

Phase D (MgSi,OgH, ) = phase H (MgSiO,H,)+SiO,

~ 45 GPa
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High-P,T elasticity
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Elastic wave velocity of aggregates
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Velocity (km/s); Density (g/cm?3)
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Density (g/cm?3)
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Liquid Fe alloy
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Lattice thermal conductivity

1 3n Third-order dynamical tensor
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Local CMB heat flux interpreted from V¢ tomography
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Hot regions = Low heat flux (~*0.03 W/m?)
Cold regions = High heat flux (~0.09 W/m?)

Total CMB heat flow estimated using k of pure phases
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Viscosity (diffusion creep)
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Application to element partitioning

Partitioning condition

phase A phase A __ phaseB phase B

component i 'ucomponentj o 'ucomponenti 'ucomponentj

Chemical potential
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Thermodynamic integration

Fr=F+ 1aUd/l

Potential energy of a combined system  U(A) = AU; + (1 —A4) U,

We have developed one-step(ideal = ab initio) TI-MD code (Taniuch#in prep)
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Chemical heterogeneity/Heat source distributic

Geophysical picture I Geochemical picture
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Formation processes of chemical heterogeneit
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Many factors of chemical heterogeneity



