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Melting experiments of the Martian mantle and origin of shergottite
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We conduct waveform inversion for the vertical profile of shear velocity in the D” layer beneath the Southern Pacific. We use
the transverse component of relatively long period broadband waveforms (20-200s), obtained from IRIS for earthquakes fron
1993 to 2010. We find lower S-velocity relative to PREM in the depth range from 0-150km above the core-mantle boundary
(CMB), and higher S-velocity relative to PREM in the depth range from 150-300km above the CMB. This is consistent with a
phase transition from perovskite to post-perovskite. The average S-velocity in D” is the same as or slightly faster than PREM
which is roughly consistent with previous global D” velocity models.
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The core-mantle boundary heat flow depends on the thermal conductivity of the base of Earth’s lower mantle. Direct mea:
surement of thermal conductivity of minerals remains technically challenging at the deep mantle condition. On the other hands
ab initio computational technique based on the density functional theory (DFT) allows us to examine microscopic process of the
transport phenomena including the lattice thermal conduction. Earlier theoretical works calculated the lattice thermal conductiv-
ity of MgO with ab initio molecular dynamics (MD) simulation or direct evaluation of third-order anharmonic force constants
to compute phonon-phonon interaction (Nico de Koker, Phys. Rev. 1@3.125902, 2009, X. Tang and J. Dong, Proc. Natl.
Acad. Sci. U.S.A107, 4539, 2010). However, in these approaches, the simulation cell is often insufficient to accurately calculate
the long wave-length phonon-phonon interactions. This leads to a lack of the decay channels for the phonons. For a more reliab
way, the anharmonic coupling between phonon modes can be calculated within density functional perturbation theory (DFPT). It
this approach, the higher-order force constants are calculated based on the perturbative scheme taking care only of the primiti
cell. In this presentation, we show the phonon decay and the lattice thermal conductivity of MgO in the lower mantle conditions.

Research supported by Senior Research Fellow Center, Ehime University.
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Influence of iron on the plastic properties of MgSiO3 post-perovskite: a first-principle
study.
Influence of iron on the plastic properties of MgSiO3 post-perovskite: a first-principle
study.
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The D” layer is one of the most enigmatic part of the Earth s interior and has major implications for its dynamics. This layer is
characterized by a strong and inhomogeneous seismic anisotropy. This latter could be produced by combining the single-cryst
elastic anisotropy and crystal preferred orientation (CPO) of (Mg, F€)Si3{/sub} post-perovskite phase. Some experiments
have been done on the plasticity of poor-Fe-bearing and pure Mg8HB{/sub} post-perovskite and lead to textures of defor-
mation dominated by the (100) and (110) slip planes (Merkel et al., 2007) and by the (001) slip plane (Miyagi et al., 2010). On
the other hand, theoretical calculations on the dislocations mobility on pure Mg&iEB{/sub} (Carrez et al., 2007; Metsue
et al., 2009) suggested a texture dominated by the (010) slip plane. These results cannot explain the seismic observations in t
whole D” layer. Consequently, in order to understand the seismic anisotropy of the whole D” layer, one should determined the
effects of incorporated elements, such as iron, on the plastic properties of the post-perovskite phase.

In this study, we present the results of an atomic-scale computational study on the plastic shear of pure and Fe-bearing Mc
SiO{sub}3{/sub} post-perovskite at 120 GPa. We determine the response of 4 potential slip planes, (100), (010), (001) and (110)
under a plastic shear through the calculation of the Generalized Stacking Faults (GSF) energies. The values of the GSF ener
are obtained by shearing half of an infinite crystal over the other half for every slip plane, similarly to our previous studies for the
post-perovskite phase (Carrez et al., 2007; Metsue et al., 2009). The calculation of the GSF energies provides also an estimati
of the ideal shear stress (ISS); the maximum resolved shear stress that a perfect crystal can suffer without plastically deformir
(Paxton et al., 1991). The GSF energies are determined with ab initio calculations based on the internally consistent LDA+L
technique (Tsuchiya et al., 2006) to describe accurately the local interactions between the d-states in Fe. The U parameter
optimized at 120 GPa by using the linear response theory based on the constrained total energy variational principle (Cococcio
and de Gironcoli, 2005, Phys. Rev. B). In this study, Fe is incorporated as substitutional single-point defects close to the glide
plane. Iron is treated with different oxidation states (+2 or +3) and different spin states (low or high). As a main result, we show
that the incorporation of iron in the post-perovskite phase leads to a decrease of the ideal shear stress for all slip systems.
addition, the slip systems that exhibit the lowest ISS are the same in pure and Fe-bearind 80g830sub} post-perovskite.

Research supported by the Ehime Univ. G-COE program Deep Earth Mineralogy and JSPS Research Grants Nos. 200010
and 21740379.
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The continental lithospheric mantle assists in the long-term survival of continental crust at Earth’s surface and has a thick roo
or keel that extends hundreds of kilometers into the upper mantle. Geochemical and geochronological studies have revealed tf
some old cratons have survived at the Earth’s surface for periods of more than three billion years despite later tectonic distul
bances. The cratons are the keel of the continental lithosphere, and continental assemblages referred to as supercontinents t
probably cyclically formed several times during Earth’s history (see Yoshida and Santosh, 2011, Earth-Science Reviews).

However, in the numerical modeling of mantle convection, it is a challenging task to construct a numerical model to realize
the longevity of cratonic lithosphere. Here, the dynamic role of a weak (low-viscosity) boundary zone (WBZ) between cratonic
and oceanic lithospheres in the longevity of the cratonic lithosphere is investigated. The WBZ is assumed to consist of weal
materials, deforming with time by mantle convection force. The three-dimensional numerical model presented herein makes i
possible to model the cratonic lithosphere that survives for a sufficiently long geological timescale. An important factor in the
longevity of cratonic lithosphere is the localized rheological (viscosity) contrast between the cratonic and oceanic lithospheres
i.e., the presence of a weak (low-viscosity) boundary zone (WBZ) that surrounds the cratonic lithosphere. The WBZ protects the
cratonic lithosphere from being stretched by the surrounding convection force. This implies that the mechanical contrast betwee
floating cratonic and oceanic lithospheres has played a significant role in the longevity of cratonic lithosphere itself throughout
Earth’s history. In addition to the presence of a WBZ, the higher viscosity of the cratonic lithosphere itself effectively contributes
to the stability of the cratonic lithosphere.

There appears to be a relationship between the horizontal size and longevity of the cratonic lithosphere. The results of th
present study are consistent with the fact that there are no Archean cratons of sizes larger than the scale of mantle convection
present-day Earth. Cratons that are sufficiently smaller than the convection scale are likely stable over the long geologic timescal
even if the continental keel is extensively eroded by younger magmatic and subduction-erosion processes.

goooob:0boddg,boob0ooUb, 0oL obbL, 000,000 0o,boboo g
Keywords: mantle convection, numerical simulation, cratonic lithosphere, supercontinent, plate motion, rheology
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