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Dynamics of plate spin motion through plate boundary
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Compared with other planets, the Earth has a variety of special features. One of them is plate tectonics. Because of the featu
the Earth’s surface has unique motions such as strike-slip motion along plate boundary and spin motion of a plate. Regardin
strike-slip motions, they lead to vorticity along the plate boundary and we can consider the vorticity as an infinitesimal spin
motion. Therefore, both strike-slip motion and spin motion of a plate are spin motions and consequently we would state that i
is spin motions that characterize plate tectonics and the Earth. However, the dynamics of spin motion is not well understooc
thought the plate spin motion must include vital information about plate tectonics, especially the dynamics of plate boundary
which is the most intricate problems in this field. Hence, we here focus on the dynamics of plate spin motion.

To begin with, we analyzed the basic equation of mantle convection since plate tectonics is a part of mantle convection as th
thermal boundary layer and we will grasp the dynamics of plate tectonics from that of mantle convection. The analysis shows
that the effect associated with the horizontal viscosity variation of the surface is indispensable to generate vorticity or plate spir
motion. As a parameter of the horizontal viscosity variation, we make use of individual plate size since a plate size expresses tt
distance between hard plate center and soft plate boundary and is therefore one of simple parameters to consider the influer
of the horizontal viscosity variation. Dividing observed Euler poles into two components: spin Euler pole associated with spin
motion of a plate and straight Euler pole associated with straight motion of a plate, we revealed that the potential energy generate
by subduction excites the plate motion, particularly the straight motion, in a large scale motion and the straight motion transmit:
into the spin motion through the plate boundary, especially in a small scale motion, mainly less than 1000 km of the radius of
plate. In addition to the individual plate analysis for plate spin motion, the global plate motion analysis called spherical harmonic
expansion also demonstrates the transmission from the straight motions into the spin motions in a small scale motion.

These results suggest that while small plates have high spin motions since they receive the force to spin through the plat
boundary without large deformation, i.e., low strain rate, large plates do not have high spin motion since the force to spin doe:
not well transmit because of the large deformation, i.e., high strain rate, along the plate boundary which we call a "strike-slip”
boundary. This difference of force transmission, or strain rate, along plate boundary in plate size might be associated with th
difference of the stress along the plate boundary; for example, we need larger stress along plate boundary in order to spin larg
plates. In other words, this difference might be attributed to the rheology of plate tectonics, especially along plate boundary
Estimating the stress to spin, we will obtain the rheology of plate boundary from observation, that is, plate motion, which
advances the theory of plate tectonics substantially.
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3-D Imaging of Continental Lithosphere with Multi-mode Surface Waves
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Developments of high-density seismic arrays and techniques of seismic tomography in the last a few decades have enhanc
the horizontal resolution of seismic images of the Earth’s interior. Seismic surface waves are one of the most powerful tools tc
map 3-D images of the uppermost mantle, although its depth resolution is limited to the top 200 km as long as we use readil
measurable fundamental-mode surface waves that are normally sufficient to map oceanic lithosphere with the thickness of abo
100 km or less. On the other hand, high-resolution imaging of continental lithosphere, whose thickness tends to exceed 200 ki
beneath major cratonic areas, requires higher-mode data with greater sensitivities to the deeper structure. The use of higher-mc
surface waves is, however, not straightforward, since several modes overlap in time and cannot be separated in a seismogra
particularly at short distances commonly used in regional-scale tomographic studies.

We present recent progress on the high-resolution regional-scale mapping of the continental upper mantle using multi-mod
surface waves, with a particular focus on the 3-D imaging of radial anisotropy of shear wave speed as well as the lithosphere
asthenosphere boundary (LAB) beneath continental areas. Surface waves are inherently not very sensitive to the sharpness
boundaries due their long wavelength. The depth of LAB, however, can be estimated from the peak of negative gradient o
a velocity model, while the thickness of LAB can be deduced from the sharpness of the velocity gradient. Using the recent
continental tomography models of Australia and North America, we investigate the relationship between the distribution of LAB
beneath the continents and the strength of radial anisotropy, which implies a significant correlation between the present-day pla
motion and faster SH wave speed anomaly in the asthenosphere beneath the estimated LAB.
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Partial melting is an essential process for both material differentiation and heat transportation of the Earth. Numerical forwarc
calculation is useful approach to predict melting in the dynamic system such as the magma ocean that may have developed frc
surface to lower mantle depth, and the present day subduction zone where fluid addition, mantle convection and melting ar
tightly coupled. Thermodynamic calculation by system energy minimization is a general approach to describe dynamic melting
of such multi component and multi phase system, because that can provide an internally consistent relation of phase relation al
mass and energy balance during melting.

We have developed a straightforward algorithm for calculating phase equilibria of multicomponent system by energy mini-
mization of the system, together with thermodynamic configuration to describe a molar Gibbs free energy of silicate melt. The
thermodynamic model constructed with the algorithm and melt thermodynamic configuration successfully reproduced melting
phase relation of mantle peridotite at 1 GPa. We have expanded a calibration database of the thermodynamic model up to 3 Gl
to conduct a polybaric melting calculation, which is dominant in natural tectonic settings (e.g., mid-ocean ridges and hotspots).

Construction of equation of state of silicate melt is an essential factor to evaluate multi pressure melting. We employ two
different configurations for volumetric parameters of silicate melt to investigate better approach to predict melting relation at
high pressure. In the first configuration, molar volume of silicate melt end-component is represented by the difference from the
volume of corresponding solid end-component (dV), and the dV is calibrated with the results of previously reported melting ex-
periments. We also employed a set of 1 bar experimental volumetric parameters (Lange and Carmichael, 1990) for the equatic
of state of silicate melt, which is commonly used to calculate melt volumetric property. In this case, standard state molar volume
of melt end-component is calibrated with the calibration data set. In both configurations, dCp, which is the difference in molar
specific heat between the corresponding melt and solid end-components, are also calibrated and ideal solution are assumed
silicate melt. The tested system consists of SiO2-Al203-FeO-Fe304-MgO-CaO and includes olivine, clinopyroxene, orthopy-
roxene, and spinel with silicate melt. Thermodynamic parameters and enthalpy, entropy and temperature of fusion at 1 bar fc
solid end-components are taken from previous studies.

Our thermodynamic calculation with calibration of dV successfully reproduced experimentally determined multi pressure
melting reaction of mantle spinel lherzolite at 1-3 GPa (Hirose and Kushiro, 1993), including systematics between pressure
temperature-composition of the system and melt composition and melting degree. On the other hand, calculation result with pe
rameter of derive larger misfit with experimental result. Our model with calibration of dV makes better prediction than pMELTS
(thermodynamic model to calculate phase relation of melt present system), in terms of temperature-phase proportion includin
melt fraction. pMELTS did not calibrate melt volumetric parameters and utilized volumetric parameters. It is deduced that our
configuration, in which thermodynamic parameters for melt is calibrated based on the difference from the corresponding solic
end-component at melting P-T conditions, is useful approach, rather than extrapolation from standard state properties of simp|
systems as have been often employed in the previous studies.
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High pressure phase relations of hydrous MORB and hydrous Harzburgite in the mantle
transition zone

oooo,000°%
SUENAMI, Hideki'*, INOUE, Tort?

0000000000000 00000000000000,?00000000000000000000
ISuper Science Courses, Earth & Planetary Science Course, Ehime Univ&sitgynamics Research Center, Ehime University

100000

gooooooobobooooboooboobooooobooooooobooooboooboOobbOoobbooboboObobooo
000000000000 0D0C0O00OO0D0OO MORB, harzburgite,lherzolite 000000000000 COCOOODOOO
obooooooobOoboboooooooboobobooooooooobooboboooooooboOobobobooon
boooooboboboooboobooboobobobooobooooboboboooboooboobOobOobooboooooon
boooooobobooooooboobobobooooooobobobooooooobOoboboooooboOon
goooooboobobooobooooooboboooooboooobobobooboooooDobDOobOobooooo
obooooooobobooooooobooboboooooooobob0oboobooooboboboboobooooon
0O MORB,0 000 harzburgte ] 0 0 0000000000 OOOOOOODOOOOOOOOOOOOOOOOOCOO
gboooboboooooboon

200000

coooOoOooooOooooooboooOoo MORBOODOOOOOO MORBOODOODOOODOOODOOODDOO
0000000 Harzburgited D 000000 Harzburgite]l DO 000000000000 2wt%O 000000000
0000000000000 000000000D0000DOO00DODO00D000 ORANGE200 D0 OO0DOOOOO
0 15-23GPa 1400016000 000000000 3000000000000 O0DOODOO0O0OO0O0ODOOOOO0OO
(SEM-EDS)0000DO00O0ODODODDODOOOO0OONDNO0NODODONODNONONON0O0OODDOOODODODODOOO0O0O0O0O0O0OOO
gooobobooooboobooooobobooooobooooboboobooooboo

03000000

0000000000 (H20=2wt%)d MORBO Harzburgited OO0 0000000000000 OOOOOOOOO
OOMORBOOOOOOOOODOOOOOOODODOOOO garnet (GO stishovite (St D 0000000 O0O0OOO
O0000000000000 23GPAl 00000 GtOOOO MgFePy, CaPv,CAIO00D0O0OO0O0OOOOODOOO
Harzburgited O 18 GPad O O wadsleyite (Wd)Y1 ringwoodite (Rw) D 0 0 023GPa0 00000000 OOOOODOO
0000000 15GPad 0 21 GPall 0 OO OO akimotoite (AK\ D OO OOODOOOOO

0000000000000 000000O000O0U0O0O0DOoOo0DOoOoUOOoMORBOOOOOOO GtOOOOOODO
25GPa00 30GPO OO IO OOODODOOODOUOOOODDOOOOOOOODODOO 22-23GP 00 0O0OOOOOOO
00000000000 00000000 Harzburgiteal O OOOOO0OD0OOO0OO0O GtOOOOOOOOOOOOOOO
O00000ooooooo00 AKOOO00000000O0O0000oooo0DoDoO0000oooDoDooo0O0oooOoDoOOn
0000000000000 000000000000000O00U0O000U000O000o0DoO0ooOOooUoooOo
O0ooooon

00000:00000,00 MORB,00 HarzburgiteJ OO O OOOOd
Keywords: high pressure phase relation, hydrous MORB, hydrous Harzburgite, the mantle transition zone

1/1



Japan Geoscience Union Meeting 2012 2 ) ;r
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]*‘ pen

Geoscience
Union

SIT41-P06 go:booboboobo 00:50 200 17:15-18:30

obogobuobboobboobtoobuobuoboboobuobbooobd

0[O
A miniature cubic anvil apparatus for optical measurement on deep earth minerals unde

high pressure

oo oo
KAWAZOE, Takaaki*

0000000000 000000o0O00O
L'Ehime University, Geodynamics Research Center

A miniature cubic anvil apparatus was developed for optical measurement on deep earth minerals with relatively large volume
under high pressure, and preliminary experiments were conducted to 3.6 GPa at room temperature with optical visual observatic
and ruby fluorescence measurement. In the apparatus, a cubic pressure medium was squeezed with six tungsten carbide an
which are driven with a pair of guide blocks by tightening four sets of screws. Optical access on the sample was made througl
holes in axial anvils and the guide blocks as well as optical windows made,&f;Aingle crystals embedded in the pressure
medium. The apparatus is compact and light, "53 mm in diameter and height and "530 g in weight, and the features of the appar
tus benefits easy application of the apparatus to various types of standard optical measurement systems. The optical measurerr
on the sample with relatively large volume should greatly contribute to advancements of studies relevant to high-pressure beha
iors of deep earth minerals.
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We analyze SS-precursors from aftershocks of the 2010 Chilean (Mw 8.8) earthquake recorded by NECESSArray. Slant
stacked seismograms of 13 shallow events recorded by 120 stations of NECESSArray show a strong signal above the 4-sign
noise level about 85 sec before the arrival of the parent SS-phase. This may be originated from the Lehman discontinuity locate
at a depth of "200km, but the polarity may be reversed. While signals from 410km- and 660km-discontinuity are well resolved,
no signal for the G-discontinuity deeper than 60km is observed. The G-discontinuity (or seismic LAB) beneath the bounce poin
of the SS-phase (northeastern Pacific) may be shallower than 60km or absent.
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Determination of the structure and physical properties of silicate melt under high pressure and high temperature is an importatr
key to understand the Earth’s evolution and the gravitational stability of melts in Earth’s deep interior. Natural silicate melts
mainly consist of Si@ with various chemical components. Aluminum is one of the most abundant elements in the natural silicate
melts, and the AlO; contents can be as high as 12 mol.% in magmas. To understand the effegOgfakl the compression
behavior of silicate melts is therefore essentially important. There have so far been a number of experimental studies of glasse
as the analogue of melts, in the binary system of $4D,03 with various experimental techniques. Previous experimental
results obtained by NMR, IR, Raman and X-ray diffraction spectroscopies showed thafBIO; glasses with 0.4 to up to
12.0 wt.% ALO; contain high coordinated (5-, and 6-fold coordinated) Al sites (e.g., Sen and Yaungman, 2004, Okuno et al.,
2005), which significantly affects the density of $iBl,03 glasses (Okuno et al., 2005; Linh and Hoaug, 2007). However, there
are few experimental studies about the structures and physical properties,6fAiKD; glasses under high pressure toward an
implication for the Earth’s evolution and geophysical phenomenon in Earth’s deep interior due to experimental difficulties.

To understand the effect of #D; on the compression behavior of SidIl,03 glasses under high pressure;situ high
pressure Brillouin scattering measurements of acoustic wave velocities were carried out at room temperature in a symmetr
diamond anvil cell. Brillouin scattering is highly sensitive to the structural change regardless of the state of the sample (glass
liquid and crystal) and its result of silicate glasses can provide us with the information leading to the changes of structure anc
density in silicate melts in the temperature and pressure range corresponding to the Earth’s mantle. We synthesiaed3i0O
glasses with several compositions by levitation method using [@€er and performed structure analysis of them by X-ray
diffraction at BLO4B2, SPring-8. Brillouin scattering measurements of acoustic wave velocity were carried out up to 60 GPa.

Our results showed that the velocity-pressure curve of the sample with lower alumina contents has very similar trend to tha
of SiO, glass. In contrast, we observed the anomalous sound velocity evolution for the samples with higher alumina contents
which strongly suggests the drastic change of compression behavior £$#85j05 glass.

In this presentation, we will present those new experimental results on the compressional behavigrAlif, SiOglasses
including the results obtained by synchrotron X-ray diffraction measurements, and discuss about the possible implications fo
the magmas in deep Earth’s interior.

Keywords: Structure of silicate glass and melt, Brillouin scattering, Acoustic wave velocity measurement
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In the last SSJ, we presented the results of our delay time tomography using the triplicated data observed by NECESSArra
Our tomography used the array analysis method by Iritani et al. (2010, GRL) in measuring traveltimes, which enables accurat
phase identification and retrieval of the information of secondary phases. However, because the method can be applied only
the array data, its application was so far restricted to regional tomography, and corrections of the effects of structures outside tf
studied region were not straightforward.

In this study, we propose a new tomography method to apply our method to global tomography. The basic idea is to use bot
array waveform data (e.g., NECESSArray data) and global bulletin data (e.g., EHB data). The measurements of traveltimes fc
the former dataset are identical to what we have done in our previous tomography. The traveltime data in the latter dataset a
used with modified phase associations. We assume that the phase type of the first arrivals of the bulletin data should be identic
to that for the nearby event used in the analyses of the array waveform data. Such modifications can be applied only to th
regions where we have dense arrays, however, because the phase misidentification can be greatly suppressed, the accuracy o
obtained model should be improved in these regions. If we focus only on the structures in these regions, they are assumed to
the results of the regional tomography with accurate corrections of the outside effects.

We applied this method to the NECESSArray data and the EHB bulletin data. At the time of the presentation, we plan to show
how much improvements we can achieve by modified phase associations. We also plan to compare the models with and witho
NECESSArray data and discuss the plausibility of the features which are pointed out in our previous study.
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We report the measurements of aggregate shear velocity (VS) of CaSiO3 perovskite (CaPv) at high pressure (P) between :
and 133 GPa and room temperature (T) on the basis of Brillouin spectroscopy. The sample had a tetragonal perovskite structu
throughout the experiments. The measured P?VS data show the shear modulus and its pressure derivative at ambient condit
to be GO = 115.8 GPa and G’ = 1.20, respectively. The zero-pressure shear velocity is determined to be VS0 = 5.23 km/se
in good agreement with the previous estimate inferred from ultrasonic measurements on Ca(Si,Ti)O3 perovskite at 1 bar. OL
experimental results are also generally consistent with earlier calculations on tetragonal CaPv. According to the very recer
predictions, such tetragonal CaPv has similar velocities to the cubic phase. These indicate that shear and longitudinal velocitie
of CaPv are much lower than those of the other lower mantle minerals such as MgSiO3-rich perovskite and ferropericlase
While primitive mantle includes certain amount of CaPv, a depleted peridotite (former harzburgite) layer in subducted oceanic
lithosphere is deficient in CaPv and enriched in ferropericlase in the lower mantle. Such harzburgite exhibits 1.2% faster V<
and 0.8% slower bulk sound velocity (VB) than the primitive mantle at lowermost mantle P-T conditions. The observed fast VS
and slow VB anomalies in the D” layer underneath the circum-Pacific region may be attributed in large part to the presence o
subducted harzburgitic materials.
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Imaging the subducting slabs and mantle plumes with high-resolution global tomography
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Global seismic tomography has been used to determine the 3-D whole-mantle structure, which has provided important infor
mation on the deep structures of the subducting slabs and mantle plumes as well as deep Earth dynamics. Tomographic imag
under the hotspot volcanoes such as Hawaii, Iceland and Tahiti exhibit low-velocity anomalies, which may reflect hot mantle
plumes (e.g., Zhao, 2004, 2009). Zhao et al. (2009) investigated the upper-mantle structures under the intraplate volcanoes
China (Mt. Changbai and Mt. Wudalianchi). Their results suggest that these intraplate volcanoes are related to the big mantl
wedge above the stagnant Pacific slab under East Asia. In this work, we have tried to determine a more detailed 3-D mantl
structure by using global tomography. In Zhao (2004, 2009), the thickness of the subducting Pacific slab was imaged to be 20(
250 km due to the lower resolution. While high-resolution local and regional tomography under the Japan Islands shows the sla
thickness to be 85-90 km (Zhao et al., 2009, 2011; Huang et al., 2011). To obtain a high-resolution whole-mantle tomography
we have tried to adopt a much denser flexible-grid with a grid interval of 50 km in depth and 100-200 km in lateral direction.
We used five kinds of ISC P-wave data (P, pP, PP, PcP and P-diff phases), and adopted a flexible-grid model parameterizatic
(Zhao, 2009; Yamamoto and Zhao, 2010). The 1-D iasp91 Earth model was adopted to be the starting model for the tomograph
inversion. In this work we have used about 1.7 million P-wave arrival times from about 13000 earthquakes. By using many kinds
of seismic phases, the spatial resolution of the tomographic images has been much improved for the upper mantle under tl
oceanic regions. The preliminary results show a similar pattern of whole-mantle tomography as the previous models, but botl
the subducting slabs and mantle plumes exhibit sharper images than those revealed by the previous studies.
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D” discontinuity in the northwestern edge of the Pacific Large Low-Velocity Province

detected by NECESSArray and F-net
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IDEHARA, Koki'*, TANAKA, Satorl?, TAKEUCHI, Nozomu, KAWAKATSU, Hitoshi!, OBAYASHI, Masayuk?, Koji Miyakawa!,
TONEGAWA, TakasH, IRITANI, Ryohei', NECESSArray Project Team
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LEarthquake Research Institute, University of TOKIEREE, JAMSTEC

Broadband seismic recordings from the stations of NECESSArray and F-net are analyzed to investigate the shear-wave velo
ity discontinuity at the top of D” layer across the northwestern edge of the Pacific Large Low-Shear-Velocity Province (LLSVP).
In this study, we focus on the nature of the D” discontinuity across the edge of the LLSVP by detecting a precursor to ScS phas
at epicentral distances of 650 to 850. Transverse component seismograms from earthquakes occurred in the Kermadec, Fiji, a
Vanuatu regions are assembled and analyzed. Employing linear and phase-weighted vespagram (Schimmel and Paulssen, 19
we identified a clear arrival with an arrival time and slowness between the S and ScS waves, indicating a reflected S wave fror

the D" discontinuity.
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Keywords: D” discontinuity, LLSVP, lowermost mantle, ScS-wave, array analysis, Northwest Pacific
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Seismic Evidence for Existence of an Ultra-low Velocity Zone in the Lowermost Mantle

Beneath the Central Pacific
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We consider waveform data for nine events in Papua New Guinea recorded at stations

in North America that sample the lowermost mantle beneath the central Pacific. Two

of these events have high-quality waveforms. We interpret the waveforms for these two

events using forward full-waveform modeling and derive 1-D models appropriate for the

study region. We show that a strong later phase (also noted by previous workers) about

25 s after the S arrival at epicentral distances from about 90 to 110 degrees and azimuths from
about 50 to 65 degrees can be explained as an ScS phase (or diffracted ScS phase) produced
by a low velocity zone (LVZ) with a thickness of about 120 km and a velocity decrease

of about 5% underlain by an ultra-low velocity zone (ULVZ) with a thickness of about

50 km and a velocity decrease of about 30%. These low velocities imply the presence

of a significant amount of iron.
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The high conductivity of iron and thermal evolution of the Earth’s core

000 ™ 000000 0!, Stephane LabroséeRazvan CaracdsMatthieu J. Verstraete John W. Hernlund
GOMI, Hitoshi'*, OHTA, Kenji', HIROSE, Ket, LABROSSE, StephadeCARACAS, Razvah, VERSTRAETE, Matthieu 3,
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of Earth and Planetary Science, University of California

IDepartment of Earth and Planetary Sciences, Tokyo Institute of Techndloglypratoire de geologie de LyoAlnstitut de
Physique, Universite de LiegéDepartment of Earth and Planetary Science, University of California

Earth’s magnetic field is re-generated by dynamo action via convection currents in the liquid metal outer core, which are in
turn driven by a combination of thermal buoyancy associated with secular cooling (along with possible radioactive heating) anc
buoyant release of incompatible light alloying components upon inner core solidification. Prior to the crystallization of an inner
core, the energy for maintaining a geodynamo must be supplied in excess of the heat conducted down the isentropic gradie
that develops in the presence of convection, placing tight constraints upon the core’s thermal evolution. Here we present ne
measurements and calculations of the electrical resistivity of iron to 1 Mbar pressure, combined with a model accounting fol
saturation resistivity of core metal, to show that the thermal conductivity of the uppermost core is greater than 90 W/m/K. These
values are significantly higher than previous estimates, implying rapid secular core cooling, an inner core younger than 1 Ga, an
ubiquitous melting of the lowermost mantle during early Earth. An enhanced conductivity with depth suppresses convection ir
the deep core, such that its center was stably stratified prior to the onset of inner core crystallization.

00000:0000,000000,000000,00000,00
Keywords: high pressure experiments, first-principles calculations, resistivity saturation, core conductivity, thermal evolution
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Consideration about generation of the Earth’s magnetic field - Based on the model expe

iment of three fold water tank -
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Itis essential to realize high pressure and high temperature conditions in the laboratory by means of high pres-sure experimer
to measure the physical properties of high pressure minerals for understanding the structure and dynamics in the earth’s interic
In this study, we tried to expand the pressure range in a Kawai-type mul-tianvil apparatus equipped with sintered diamond anvi
by optimization of assembly size and materials for cell assembly, and then measured P-V-T relationship of hcp-iron to discus
the dynamics of the inner core because. the hcp-iron is though to be dominant phase in the inner core based on recent diamo
anvil experiments (Tateno et al., 2010).

We used synchrotron radiation facility, SPring-8, to conduct in situ X-ray observation at high pressure and temperature tc
determine P-V-T relation. Kawai-type cell assemblies were squeezed by high pressure press (SPEED-mkK.Il Madonna at BLO4B!
using sintered diamond cubes with 14 mm edge length and 1.0 mm trun-cation edge length. Cr-doped MgO was used as pressl
medium and TiB2+hBN was used as heating material. Preheated pyrophyllite was used as preformed gasket.

In the present study, pressure and temperature range were up to “83 GPa and 1300K. In the experiments, X-ray diffraction da
were collected at every 200 K step during cooling cycle with pressure interval of 5-10 GPa. Pressure was estimated from th
volume of gold by using equation of state of gold proposed by Tsuchiya (2003).

We fitted our data to third-order Birch-Murnaghan equation of state and Mie-Gruneisen thermal equation of state. As a result
thermoelastic parameters of the isothermal bulk modulus, its pressure derivative, Debye temperature, Gruneisen parameter
ambient pressure and volume dependence of the Gruneisen parameter were determined to be 151.1 (4.8) GPa, 5.6 (0.2), 1:
(87) K, 2.92 (0.24) and 0.99 (0.42), respectively. In addition to present analysis, we need to re-analyze by taking into account th
electric pressure term in equation of state.

Our thermoelastic data indicate that the density of the inner core is 4-5 % heavier than observations by seis-mology (e.g
PREM). This result is consistent with previous study (Dubrovinsky et al., 2000) and indicates the existence of light elements in
the inner core.
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Seismic structure near the inner core boundary in the south polar region
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Good spatial coverage of seismic data points is important for better understanding physical processes occurring in the Earth
core. Although fine seismic structure near the inner core boundary (ICB) has been examined using body waves by many re
searchers, the core structure of the polar region, especially the south polar region, still has been poorly resolved. Investigatir
the seismic structure in the polar region has a geophysical importance associated with the tangent cylinder in the outer cor
The tangent cylinder acts as a barrier to the convective mixing and can create a reservoir of compositional anomalies. The pol:
region of the Earth’s outer core can then be characterized by low density and high temperature. Investigating the polar regior
is also important for increasing constrains on the nature of hemispherical variation in properties of the inner core observed it
seismological studies. Based on such seismic models anisotropic growth possibly associated with the outer core convection h
been suggested. It however remains under discussion whether lower velocities would reflect either a low growth rate or a fas
growth rate. The preferential equatorial solidification in the Earth’s core leads to slower inner-core growth in the polar region.
Thus the comparison of the structure near the ICB between in the polar region and in the rest can provide a test for solidificatiol
scenarios.

Seismic rays from South America to Indonesia pass beneath Antarctica. These rays are invaluable because they sample |
region near the ICB beneath the south polar region. We analyzed core phases on vertical-component broadband seismogram:
JISNET, OHP and IRIS stations in and near Indonesia for earthquakes in South America from January 1998 to September 200
We selected waveforms including PKIKP whose turning point or one of its intersections at the ICB is located south of 60 S. The
total number of selected waveforms is 118 for the 37 earthquakes. The observed waveforms were band-pass filtered betweer
and 20 s. Synthetic seismograms are computed up to the frequency of 2 Hz using the Direct Solution Method (DSM). The PREN
model is used as the reference. We analyzed differential traveltimes and amplitude ratios between core phases (PKIKP, PKiK
PKPbc, and PKPc-diff). The model we obtained (SPR) is described relative to PREM as follows: a 0.05 km/s lower Vp value at
the top of the inner core, a 1.5 times steeper Vp gradient in the upper 300 km of the inner core, a smaller Qp (300) in the uppe
300 km of the inner core, and a 0.04 km/s lower Vp at the bottom of the outer core.

Our velocity structure in the lowermost outer core lies in between the two global reference models PREM and AK135. Previ-
ous models for the western hemisphere are close to SPR for the base of the outer core. The Vp value of SPR at the base of
outer core is larger than that of AK135 by 0.2%, suggesting that the outer core inside the tangent cylinder is not distinctive from
the rest of the outer core. As regards the Vp structure in the upper inner core, SPR has smaller Vp values compared to PRE
and AK135, and is close to that of previous models for the western hemisphere, although most of our data sample the easte
hemisphere of the inner core. Our results thus indicate that the inner core does not have a simple hemispherical variation as us
ally supposed. An eyeball-shaped high-Vp anomaly, such that higher Vp than the global reference models is rather concentrate
to smaller region beneath eastern Asia, could be consistent with our results. If the same relationship between slow inner col
growth and low inner core Vp applies to near the equatorial region, the western-hemisphere would also have a low growth rat
of the inner core.
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Melting relationships of the Fe-Ni-S system at 15GPa
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The planetary core consists of iron-nickel alloy and lightening elements, such as sulfur and silicon. Study of melting relations
of iron alloys is of important to understand formation, evolution, and the present state of the planetary core. An addition of nickel
to iron affects significantly the phase relations of iron alloys. Here, we report the results of quenching experiments on the Fe-Ni-¢
system at 15GPa.

Phase relations of the Fe-Ni-S system at 15 GPa were studied by using a KAWAI type high pressure apparatus at Okayarr
University. Recovered samples were examined by the electron microprobe JXA-8230.

At 15GPa, (Fe,NpS; and (Fe,Ni)S are stable as intermediate compounds at subsolidus conditions. Iron solubility of (Fe,Ni)
3 is limited to Fe/(Fe+Ni)=0.76 at 1000K, although Fei et al.(1997) reported th& Fe stable at 14GPa and 1125K. (Fe,Ni)
3S is stable at only the Ni-rich portion. Addition of nickel depresses significantly the melting temperature of the Fe-FeS system.
Ternary eutectic point locates around f¥i5; S35 and its melting temperature is lower than 900K.

ooogo:0,Fe-Ni-SO,000
Keywords: core, Fe-Ni-S system, phase relations
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Density measurement of liquid Fe-O at high pressure and high temperature using an X

ray absorption method
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The Earth’s outer core is thought to be composed of liquid iron alloys with a small amount of light elements, such as sulfur,
oxygen and silicon. Existence of a liquid core is also suggested to other terrestrial planets (Mars and Mercury).Thus the effect c
light elements on the density of liquid iron is fundamental to understand the composition and structure of the planetary cores.

The densities of liquid Fe-S, Fe-Si, and Fe-C have been reported using X-ray absorption method (Nishida et al., 2011; Sanlou
et al., 2004; Terasaki et al., 2010). As a result, it was revealed that the rate of density decrease is quite different depending c
the dissolving light element. Hence, it is important to figure out the effects on liquid iron by individual light elements. Although
oxygen is one of the most popular candidates of the light elements in the Earth’s outer core, the effect of oxygen on the densit
of liquid iron has never been reported to date. In this study, we have measured the density of liquid Fe-O (O = 0.5 wt%) up to 3
GPa and 2250 K using X-ray absorption method at BL22XU, SPring-8 synchrotron facility. The obtained density of this study
is 6.65(3) g/cm at 3 GPa and 2005 K. Compared to the density of pure liquid iron at the present experimental condition, the
density of liquid Fe-O is about 7% smaller than that of liquid iron and thermal expansion coefficient of liquid Fe-O is similar to
that of liquid iron.
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Sound velocity measurements of liquid Fe-S at high pressure: Implications for the Earth’

and lunar cores
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The sound velocity of liquid Fe-S is an important physical property to understand the Earth’s and lunar outer cores. We
measured P-wave velocity @) of liquid FesyS;6, F&50S40, and FeggSso up to 5.4 GPa and 155@C using ultrasonic method
combined with synchrotron X-ray technique. The derived VP of liquid Fe-S shows very little change with temperature. The V
of liquid Fe-S decreases linearly with increasing S content at 2.5 GPa and C30be Vp of liquid Fe;oSyo increases almost
linearly. The expected ¥ of the lunar outer core range 3840-4250 m/s assuming the lunar core consists of liquid Fe-FeS outer
core and solid Fe inner core. Although the éf liquid Fe;o S, is slower than that of pure liquid Fe up to 5.4 GPa, the of
liquid Fe;p Sy should be exceed that of liquid Fe over 7 GPa because the pressure derivativeobfiyuid FesoSy is larger
than that of liquid Fe. This result suggests S is effective in increasing thef\iquid Fe over 7 GPa. Therefore, S is considered
to be a possible light element of the Earth’s outer core.
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