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Rheology of Mantle and
Crust
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m Flow law and friction law: diffusion
creep and dislocation creep

m Water effects on rheology
m Anisotropy generation by solid flow

m Grain size reduction and growth by
polycrystalline flow




Targets
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Methods
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B FuII nodes S|mulat|on of dlffuswe
creep

m Vacancy migration at 150GPa and
6000K

m Decrease of Newtonian viscosity
above 50 GPa in the lower mantle




Introduction of vacancy, dislocation, and boundary

e S O S R R S S S R S s s s

Basic cell
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Periodic boundary
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Comparisons of ES and other supermachines

By Ito, 2003
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Lattice diffusion of M@gO
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E, (kJ/mol) E, (kJ/mol) E"(kJ/mol)

This Study 202-215 384 586-599
[ta and Cohen (1997) 190 237 427
Sempolinsky and Kingery (1980) 220 - -
Ando et al. (1983) - - 536

Yang and Flynn (1994) 243 - 667




Results 1 Drastic error reduction and negative activation volume
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Figure 5.6 Examples of pressure dependence of self-diffusion coefficients. All data is

fitted by third order polynomial.




Result 2. Viscosity profile of lower mantle (Ito 2002)
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Pyrope (160J&F) D%
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1 1552.21 1.00 1494.60 1.00 20.89 1.00
2 831.58 1.87 779.02 1.92 10.84 1.93
/—F# 4 472.50 3.29 420.79 3.55 5.90 3.54
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i@ E : 2000K

BFfEI %l :1 MD step ~ 1 fs
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Mg: brown
Al: light blue
Si: deep blue
O: red




