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First principle molecular dynamics

Up to 135GPa



M otlvallon

Can conductivity and seismic anomaly near the mantle transition zone be

explained by a presence of hydrous partially molten zone?

Water filter model (Bercovici and Karato, 2003)
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Molecular Dynamics

Basic: F=ma (equation of motion
Newton mechanics)

F=d¢/dr (Hellmann-Feynman force)
¢: potential energy

Initial condition: velocity and position

Potential function
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Calculation force acting on each particle
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Update of velocity and position
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Calculation of physical parameters

Time step
At (f9)




Simulation
e System
12MgSiO4+8H,0: 10wt.% H,0O
 Initial condition
Pyroxene and water molecule in vacant space
 Periodical boundary condition
* Procedure

Melting at 6000K - isochoric cooling



MgSO,-H,O liquid
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O-H-O edge decoration of
SO, octahedra
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. Coordination numbers

H-O coordination number

latlowPto2athighP
Increasing P

more symmetric (ice X)
no molecular water

Si-O coordination number

Hydrous melt disrupts Si-O
bonds (decrease in viscosity

Mg-O coordination number
no water effect >20GPa
CN decreases at low P



Electrical conductivity of silicate melt at 410 km

Diffusivity of hydrogen (Arrhenius relation)
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Electrical conductivity of hydrogen silicate melt

(Nernst-Einstein relation)
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At 410km, 14GPa and 1800K
Water content: 3 wt.%
Answer: 185/m

A large conductance anomaly 18000S
5% partial melt and 20km thickness



Sdf-diffusion coefficient: slope (m?/s)
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H diffusion coefficient (m®s™)

Self-diffusion of hydrogen

¥

:

*O
(@)
(@)
x
Lttt I

80
Pressure (GPa)

120

Activation enthalpy (E*)
86kJmol

Activation volume (V*)
0.11 cm3/mol

Literature value
126kJmol (hydrous
basaltic melt)



Density (g cm—)
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Equation of State (Mie-Gruneisen forn

P(V,T)=P(V,T)+ %L}.-{ T—T,)

Pc: reference isotherm, y: Gruneisen parameter
Cv increases and y decreases with P

Thermal pressure increases

Density contrast between dry and
wet isvery small
Estimated water content at

410km: 3wt.%
Partial molar volume of

water in the sllicate melt

Vf [,O

AV=VH,0 - Vi1,0
At low P, AV large and negativ
AthighP, AV - 0

|deal mixing (silicate + water)
at high P (no immiscibility)



Si-O Coordination Number

Fraction of Si

Pressure (GPa)
25 13 5

Mo

8

-..J
|

Eﬁ—ﬁ
Perovskite

5+

&
|

125 55
|

Majorite

Pvroxene
| I il

1.0

0.8 =
0.6 |-

Q
| |

0.4
0.2

0.0
0.5

06 07 08 09
Viahiime VIV

1.0

Pressure (GPa)

MgSIO; liquid

200 S M I —
. FPMD | ;
ﬁ yia Famwkfru
E 2. Cmperovskite
15[} E & ﬁ‘:-q_Y I_I!'E;hﬂ'fﬂ
ﬁ 1.0 BYroXens”
IE !' *'_
100 g %I Lqua =
* Experiment
0.0 L4 | I L i 1
3000 H.E [ ﬂfN 1.0
50 - olume ViV
4
D. l 1
05 06 07 08 09 1.0
Volume V/Vy

Stixrude & Karki, 2005
Science



