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Density Functional Theory

wu

N

Density (g cm_3)

| | [ -
2000 4000 6000 8000
Temperature (K) |:|
u O
|=I=| O

4
-

40 80 120

Pressure (GPa)

40

80

Pressure (GPa)

VASP: Kresse et al. (1992); Kresse and Joubert (1996)
LAPW: Wei & Krakauer (1985); Singh (1994)

]
120

Rigden et al. (1989) JGR

Asimow & Ahrens (2010) JGR

Sun et al. (2011) GCA
Karki et al. (2012) Am. Min.



de Broglie Thermal Wavelength (A)

1000

100

10

0.1

0.01

Temperature

electron

H nucleus

O nucleus

Earth

10’

10° 10°

Temperature (K)

10



First Principles Molecular Dynamics
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Liquids denser than solids?
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Partial melts denser than solids
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Hypothesis: Silicate Dynamo
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Electrical conductivity of silicate liquids
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Electrical conductivity of silicate liquids

At high pressure and temperature:
large and electronic
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Conclusions

Partial melts sink at the bottom of the mantle

Much easier to melt the whole Earth than
previously thought

Magma ocean starts crystallizing from the middle
Crystals may float in the magma ocean
Silicate dynamos are possible

Silicate vaporization is much easier than we
thought



