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High-P,T elasticity of hcp iron
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Earth’s inner core (3297364 GPa and 500076000 K) is known to be composed of hexagonal closed pack (hcp) structured soli
Fe-Ni alloy and seismologically anisotropic. Thermoelasticity of hg@rpn is therefore a key to interpreting seismological
information of the inner core. Since experimental measurements are still technically impractical, theoretical approaches ir
particular ab initio density functional computation have substantial roles. There are two different ways to simulate high-P, T
elastic constants {g) of crystals. One is based on the lattice dynamics method + quasiharmonic approximation (Sha and Cohen,
2010a,b) and the other is based on the molecular dynamics method (Mocadlo et al., 2009; Martorell et al., 2013). The former an
the latter basically fail to capture higher-order anharmonicity and low-temperature quantum effects, which would be substantia
and marginal in subsolidus condition, respectively. Due to these problems, distinct differences can be seen in higméP, T ¢
their temperature dependences calculated by these different approaches. In this study, we performed ab initio molecular dynami
simulations employing a supercell containing 96 Fe, which is 50% larger than in the previous study with 64 atoms (Mocadlo et
al., 2009; Martorell et al., 2013), to check the previous results. Technical details for computing high-&& lbasically the
same as in our previous studies (Ichikawa et al., 2014; Kawai and Tsuchiya, 2015). We will present temperature dependences
elastic wave velocities and their anisotropies at the Earth’s inner core pressures over 300 GPa.

Kawai and Tsuchiya, Geophys. Res. Lett. (2015) under review; Ichikawa et al., J. Geophys. Res., 119, 240 (2014); Martorel

et al., Science 342, 466 (2013); Sha and Cohen, Phys. Rev. B 81, 094105 (2010a); Sha and Cohen, Geophys. Res. Lett. :
L10302 (2010b); Vocadlo et al., Earth Planet. Sci. Lett. 288, 534 (2009)

F—U— R B FEERIE, Hopdk, sHPERFE, BRI
Keywords: Ab initio calculation method, Hcp iron, Elasticity, Earth’s inner core

1/1



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

SIT35-02 21106 FFRE:5 H 26 H 14:30-14:45

Fcc FeHx at core pressure
Fcc FeHx at core pressure
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K, HERDOHFIMKICE FN DB RO & L TR EELTROV LD TH S, HERERIIHOIIE IR, 7K
RIENNICE BT I SNz EEZ 5N TV (e.g. Fukai, 1984; Okuchi et al., 1997)Lh L. #k—/KkEZRDHH
RSB 2 W2 LU E O fEIRIC R 5T E D (Sakamaki et al., 2009)FHERDHIERIZIC W TE—KELG SN LD
5 BB TEASREIZH S M ENTVEY, TNET. BHIXIVF—0OIEN S, #—/KRERORIEII O8N
P> TEHNHME RS (dhephil) M 5/STHIEAAERGE (hephhid) . & HICHNDII G (fec il &%
tT 2 ENTRENTNSD (Isaev et al., 2007) RIEHERIC K> TIGEEE N/ T LidRV, £ T TARMIETIE. L—
P—hAKXZ A Y EY 7 28U K 5 @ilsE 54 & @ EEE Ui SPring-8iIC 3513 % X SRIEHTHIEIC XK D |
F—kFEEED dhept UL & hepMiEh 5 fee MEIENDOHIRE 2R L7z, FHEROASR. # 60 GPAZ T dhephid
5 hepiEEIicZ b L. # 70 GPaC B\ T hepiidihn 5 fee MIEICE LT % T WD SNz, T HIC, Ll fee
MHEDF—IKEARICDNT 26 -137 GPACHE FARIZEUG L7z, TORER. # 70 GPaACBWTH ) &M TR DRI R
BRUIFEERICNEGGZZ(EDHE NI, TNE. Bt EL S THIEN TV B3 8—KEASOMKINEEDZLT
AT E 2NN D 5, SRS NTAERN S, HIERLOIRETE /15T B 28— KRGS OR G XS
INTE dhephiiliTlda <. fec M TH L AREMN D 5,
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Sound velocities of liquid Fe-Si alloys at Earth’s core pressures by laser-shock compres
sion
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IGraduate School of Science, Osaka Universitystitute of Laser Engineering, Osaka University

Sound velocity at Earth’s core conditions are one of the most important physical properties in Earth science because it ca
be directly compared with the seismological Earth model (PREM: Preliminary Reference Earth Model) [1]. The composition
of solid inner core is estimated from the comparison of the model [1] and the extrapolation of sound velocities as a function of
density of iron and iron alloys obtained by the static compression experiment [2, 3]. Birch’s law, a linear sound velocity-density
relation [4], is used to extrapolate sound velocities to densities in the core condition. On the other hand, the composition of liquic
outer core is estimated from the partitioning and solubility data in the inner core boundary condition for the composition of solid
core. There has been some works for the sound velocity of iron on the Earth’s core condition by dynamic techniques using
explosive [5], gas gun [5, 6], and laser [7]. However, the previous dynamic compression experiments are not enough to revez
the core of Earth, giant planets [8], and super-Earth which is at core pressures over 800 GPa [9]. In this study, we measure tt
sound velocity and density of liquid iron alloys by shock-compression method using high-power laser at pressures correspondin
to super-Earth core pressures.

We conducted shock-compression experiments using a High Intensity Plasma Experimental Research (HIPER) system at
GEKKO-XII laser irradiation facility [10] at the Institute of Laser Engineering, Osaka University. The samples are Fe-Si alloys
(FeysSis, FeyoSiyg, FespSiag and FegSisy in weight percent). The sound velocities and densities of shock-compressed Fe-Si
alloys using the high-power laser were measured by x-ray radiography [7, 11, 12] at pressures up to 960 GPa. The linear relatic
between the sound velocity and the density for FeSi alloy well follows Birch’s law [4] up to 960 GPa along the Hugoniot. The
extrapolated sound velocity of FeSi alloy was about 40% faster than that of PREM at inner core boundary pressure. The oute
core is composed of Fe-Si alloy with 5-13 wt.% Si assuming Si is only light element at the core. This Si content is consistent
with the results of previous work by sound velocity measurement [13] and shock-compression experiment [14].

We thank Naoya Yokoyama for his help with the laser-shock experiments and data analysis. Part of this work was performe
under the joint research project of the Institute of Laser Engineering, Osaka University.
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Sound velocity of liquid Fe-Ni-S alloy at high pressure: Sulfur in the core?
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The liquid Earth’s outer core is composed mainly of iron (Fe)-nickel (Ni) alloy. Birch (1952) first found that the core is less
dense than pure iron based on comparison between seismological observations and experimental measurements of the densit
solid iron. This is the so called "core density deficit” problem. He suggested the existence of lighter component(s) in the core,
and hydrogen (H), carbon (C), nitrogen (N), oxygen (O), silicon (Si), and sulfur (S) have been identified as likely candidates
from cosmochemical and geochemical arguments (e.g., Poirier et al., 1994). The density difference between the outer core al
the pure iron has been estimated to be 5-10%, depending on the assumed outer core geotherm (e.g., Anderson and Isaak, 20
The nature of light elements has remained one of the biggest enigmas for the more than half-century since the Birch’s worl
(1952). To justify the kind and quantity of the light elements in the core, sound velocity measurements of liquid iron alloying
with possible lighter elements are fundamental because they link directly to seismological observations. We have launched th
project on the sound velocity measurements for liquid iron alloys at high pressure in externally-heated and laser-heated diamon
anvil cells (DAC). The sound velocity of liquid (Fe,NB was ,measured via a high resolution inelastic X-ray scattering (IXS)
measurements at BL35XU of the SPring-8 synchrotron facility, Japan (Baron et al, 2001). We sucessfully determined the soun
velocity of liquid (Fe,Ni}S up to the pressure of 50 GPa, which corresponds to the center of Mars. With our newly obtained
results, we discuss the possibility of sulfur in the liquid cores of Earth and Mars.
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Earth’s outer core composition constrained by ab initio thermoelasticites of liquid Fe
alloys
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The density deficit of the Earth’s outer core indicates substantial amounts of light elements (O, Si, S, C, and H) incorporatec
in the outer core (Birch, 1952; 1964). The chemistry and amount of the light elements have been strongly debated for over 6
years. Ab initio molecular dynamics (AIMD) simulations have been widely applied to investigate several properties of liquid Fe
and Fe alloys (e.g., Alfe et al., 2002; 2007; Badro et al, 2014; Ichikawa et al, 2014). Badro et al. (2014) recently reported a
likely compositional model being consistent with seismological data. However with applying empirical pressure corrections, the
model suggests smaller amount of light elements to reproduce the ICB density jump. In our study, adopting the Ichikawa et al
(2014) technique we determined the equations of state (EoS) of the liquid Fe alloys by means of the AIMD method in the P, T
condition widely covering the entire outer core condition without any pressure corrections. From the EoS, densities, adiabatic
bulk moduli, and finally P-wave velocities were calculated and compared with the seismological data (PREM) (Dziewonski and
Anderson, 1981). After examining alloy systems from binary to quaternary, we could find some optimized compositional models.
However, these have almost comparable reproducibility to PREM, suggesting that other observables are required to make furth
constraints on the outer core composition. If considering the observed large ICB density jump additionally, Fe-Ni-Si-O and
Fe-Ni-S-O compositions appear the most likely.

Keywords: Earth’s outer core compositional models, Ab initio molecular dynamics simulations, Equation of state of liquid Fe
alloys
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Fine seismic velocity structure of the Iowermost outer core determined using outer core
sensitive phases
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The liquid outer core of the Earth is regarded as homogeneous and approximately in hydrostatic equilibrium [Stevenson, 1987
However, a low-velocity layer appears at the base of the outer core (F-layer) [Souriau and Poupinet, 1991; Kennett et al., 1995
This basal layer may exhibit hemispherical features, as reported by Yu et al. [2005], corresponding to the quasi-hemispherice
pattern of the inner core [Tanaka and Hamaguchi, 1997; Wen and Niu, 2002]. The pattern of the inner core is suggested t
reflect solidification and melting at the inner core boundary (ICB), which might cause an Fe-rich or Fe-poor layer in the F-layer
[Gubbins et al., 2008; Alboussiere et al., 2010; Monnereau et al., 2010]. However, the seismic profile of the F-layer is poorly re-
vealed because of the non-uniqueness of the profiles investigated using previous methods and the interdependence of the F-la
velocity and other seismic properties of the Earth. Thus, a better constrained F-layer velocity is required before discussing it
composition.

In this study, we investigated the velocity profile of the F-layer using two new methods: frequency dispersion of the traveltimes
of waves that graze or are diffracted at the ICB, and differential traveltimes between waves reflected from the boundary and thos
that turn above the boundary. The first approach is sensitive to velocity gradients in the layer, while the second is sensitive t
velocity excesses or deficits relative to a reference model for the layer; neither approach is sensitive to inner core properties
its radius. We analyzed seismograms of South American earthquakes observed using the Hi-net array [Okada et al., 2004] al
the J-array network [J-Array Group, 1993] in Japan. The area investigated in the study is beneath the eastern Pacific, which
placed on the quasi-western hemisphere of the inner core.

Our results show that Vp values in the F-layer are intermediate between those of AK135 and PREM, and that the vertica
velocity gradient is larger than that of AK135. Nearly constant velocities in the F-layer are not suited to observations.

F—T— R: Wi T ER PIGHEE, F g, PKPbcl R D478, PKPbck PKIKP & D=

Keywords: P-wave velocity in the lowermost outer core, F-layer, Traveltime dispersion of PKPbc, differential traveltimes be-
tween PKiKP and PKPbc
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Role of Plate Tectonics for Habitable Planet
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Plate tectonics plays a role of global material circulation from the surface of the earth to the bottom of mantle since ca.4.0Ga

FFR9:5 H 26 H 16:15-16:30

This is a due function both to bear habitable planet and to evolve as a habitable planet.

In spite of empirical recognition of importance of plate tectonics, nobody succeeded to synthesize the role of plate tectonics
However, the author completed this task by using following data; (1) geophysical constraints for the mechanism of plate tectonics
(2) petrological and geochemical characteristics of lithosphere, and (3) geologic history of the Earth, specifically the structural
and petrological remarks of rock components and dynamics recorded in orogenic belts over the world.

As the result, basic condition for the operation of plate tectonics and following 6 roles of plate tectonics were summarized. The
reason why plate tectonics is operated on the Earth is because mid-oceanic ridge is hydrated to enable plate to subduct whick
helped by the lubricant water-rich fluids on the bottom of lithosphere. Roles of plate tectonics are (1) Global material circulation
of CO2 and H20, (2) Role of tectonic erosion, (3) Production of nutrients-source rocks at subduction zone, (4) Driving force of

Earth’s magnetic filed, (5) The buffer of Earth’s system, and (6) The controller of thermal history of the Earth.
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East-west hemispherical structures in the Earth and their implications for global dynam-
ics
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Hemispherical structures have been found in the inner core (Tanaka and Hamaguchi, 1997; Waszek et al., 2011; and the re
erences therein), the outer core (Tanaka and Hamaguchi, 1993; Yu et al., 2005), and the mantle (lIwamori and Nakamura, 201-
While seismic velocities characterize the core hemispherical structures, the mantle east-west hemispheres have been propo
based on geochemistry, rather than south-north division as has been long argued for (Hart, 1984, known as “Dupal anomaly”
In order to better characterize and interpret the mantle geochemical hemispheres in both spatial and compositional domains, a
to discuss whether the hemispherical structures in the core and mantle have any dynamical linkage or not, a total of 6854 your
basalt data consisting of five isotopic ratios of Sr, Nd and Pb from almost all tectonic settings (mid-ocean ridge, ocean island, ar
and continent) have been statistically analyzed (lwamori and Nakamura, 2015).

As a result, it has been found that the continental basalts are mostly distributed only in the eastern hemisphere, while othe
basalts are distributed evenly. Using multivariate analysis (Independent Component Analysis, ICA), two independent compo
sitional vectors have been extracted, which explain most of the sample variance (95%). Therefore, almost all young basalt
from various tectonic settings plot on a single isotopic compositional plane, and can be explained solely by two elemental dif-
ferentiation processes (e.g., melting and aqueous fluid-rock interaction, Iwamori and Albarede, 2008). One of the independer
components (IC2) represents ‘anciently subducted aqueous fluid component’ stored for 300 to 900 million years in the mantle
and defines the fluid component-rich (=positive IC2) eastern hemisphere, while the western hemisphere shows the opposite p
larity. We have also found a striking geometrical similarity between the IC2 and the inner core hemispheric structures (lwamori
and Nakamura, 2015): the eastern hemisphere shows positive IC2 in the mantle and high seismic velocities in the inner cor
Combining these constraints, we propose ‘top-down hemispherical dynamics’: focused subduction within and around the supel
continent has created a fluid component-rich hemisphere with a lower temperature, compared to the oceanic mantle. The cold
hemisphere seems to have been anchored to the asthenosphere during the continental dispersal, and may affect the tempere
and growth rate of the inner core, resulting in the coupled hemispherical structures in the mantle and the core.

Keywords: mantle, core, supercontinent, hemispherical structure, isotope, independent component analysis
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Slab dynamics and water transport in the lower mantle
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HEDNSE BTV AT TR Y FIUATLRAT T 21F, #HiBR< Y FILRZEM DT 3 ER OO D TH B EEZ
5NTWS, mIEDOWIFE T, 660-kmiHERZHZ 72 AT TI3R2AIKKL EZ>TWVWAB T L ERLTWSH., DfiEREDIER
ICXK D FE= Y MIVTD RS T OFEHIRE 2 E |NCiEimd 5 C L IXNEETH S, —75. LLSVPsDIEIRPHIKTED
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KBTS, BYHIST A=W MIVHHRICE 2 25085 N5 RO S, FEY Y MVAT TEB XU
CMB ST fE DY EMEE I IRIRIE F 12 3B IRERD, & BITKDIHICIE PPV ORI A EEREEZ R LTV
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Keywords: free convection, subducting slab, slab buckling, lower mantle structure, water transport
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Mapping the North American continent with inter-station phase and amplitude data of
surface waves
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The investigation of a three-dimensional upper mantle structure using seismic surface waves has been generally based on t
measurements of phase delay. The lateral heterogeneity in the Earth, however, not only affects the phase of surface waves, |
also modulates their amplitude through focusing/defocusing effects. Such amplitude anomalies caused by elastic focusing a
dependent on the second derivative of phase velocity across the ray path, and thus they are sensitive to short-wavelength struct
than the conventional phase data, which should be useful for improving the lateral resolution of phase velocity models. In this
study, we collect a large-number of inter-station phase velocity and amplitude ratio data working with a non-linear waveform
fitting technique using USArray seismograms. Phase velocity maps of North America are then constructed using both phase ar
amplitude data of both Rayleigh and Love waves to check the validity and utility of inter-station amplitude measurements for
enhancing the quality of the phase velocity models.

The phase velocity maps derived only from phase data reflect large-scale tectonic features well; e.g., slow anomalies in th
tectonically active western U.S. and fast anomalies in the eastern cratonic region. To the contrary, phase speed models deriv
from amplitude data tends to emphasize smaller-scale structures characterized by strong lateral velocity gradients; e.g., significe
slow anomalies in Snake River Plain and Rio Grande Rift, where the local amplification due to elastic focusing has been observe
at USArray stations. Our results indicate that inter-station amplitude-ratio data reflect the effects of the second derivatives o
phase velocity distribution well, and are extremely useful for reconstructing shorter-wavelength elastic structures. Thus, the
measurements of inter-station amplitude ratios across a dense seismic array can be used to enhance the horizontal resolutior
phase velocity models of surface waves.

Keywords: surface wave, phase velocity, amplitude, tomography, North America
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Detection of an asthoenospheric thermal event: approach from lithospheric mantle xenc
liths
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!Department of Earth and Planetary Science, University of Tokg®ology Department, Faculty of Sciences-Semlalia, Cadi
Ayyad University

Convective mantle heat flux through the continental lithosphere is not well constrained because of high heat generation in th
overlying continental crust (Sclater et al., 1980; Pollack et al., 1993; Jaupart et al., 2007; Jaupart and Mareschal, 2007). It
proper estimation and its temporal variation through the earth’s history is important to know the overall rate of heat loss from
the convecting interior of the earth (Labrosse and Jaupart, 2007; Korenaga, 2008), although the earth is thought to be losin
most of its internal heat through the oceanic lithosphere ("70%; Jaupart et al.,2007; Mareschal et al., 2012). The sub-continent
lithosphere-asthenosphere boundary (LAB) is the interface through which entropy transported to the asthenosphere beneath 1
LAB via mantle convection from the depth of the earth is passed on to the entropy transfer in either steady or transient stat
through the sub-continental lithosphere (Jaupart and Mareschal, 2007; Michaut and Jaupart, 2007; transient important). The
are three important mechanisms of entropy transfer through the LAB: heat conduction, soid-state flow, and magmatism (Jaupa
and Mareschal, 2007). The upper most zone of the asthenosphere acts as the upper thermal boundary layer of the convect
mantle and that the heat was transferred via heat conduction in the continental lithosphere with or without LAB modification
(thickening or delamination/thermal erosion of the lithosphere; Moore et al., 1999; Jurine et al., 2005). Another important aspec
of the sub-continental LAB is that it roughly corresponds to a boundary where melting and segregation of melt take place eithe
via decompressional melting in the asthenosphere or melting of the lithospheric mantle induced by the heat input or materig
influx. This implies that entropy can be transferred from the convecting interior to the lithosphere via magmatism involving heat
release or absorption by melting, crystallization, and open-system reactions. It is important to know where magmas are generat
and crystallized during its ascent to the earth’s surface in the continental region in order to evaluate the role of magmatism in he:
transfer through the sub-continental LAB. If a magma generated in the asthenosphere releases heat directly on the earth’s surfe
ending as volcanic eruption and intrusion, then heat loss via magmatism is at maximum efficiency (Ogawa, 1988). Contrary tc
this, if the magma releases heat within the lithosphere or crust by freezing all the melt there, it heat up the host layer. In this
case, the enhancement of heat loss via magmatism depends on the depth of magma freezing, though it is higher than exclusivi
conductive heat transfer.

In order to examine heat transfer near the sub-continental LAB, it is important to scrutinize the thermal state and its tempora
and spatial variability of the mantle material near the LAB and concomitant magma formation and its subsequent magmatism
Fortunately, we have many samples from the continental lithosphere as mantle xenoliths, though xenoliths from the asthenc
sphere are limited. The continental lithospheric mantle has long history of its formation and modification, but we can extract
not only thermal records when xenoliths were entrapped by erupted magmas (mantle geotherm) but also their temporal chan
before the entrapment by carefully looking at reaction processes took place responding to various thermal and chemical chang
taking place in the vicinity of the LAB.

F—T—R TR RT LT VVRT 2T ARV R, Y MVE U X, SRR
Keywords: asthenosphere, lithosphere, thermal event, mantle xenolith, mineral zoning
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An alternative formulation of the dynamics equation system of Maxwellian viscoelastic

media

KNy ACHR 1
MATSUNO, TaroH*

RIS B FE RN

1 Japan Agency for Marine-Earth Science and Technology

GONDRIHGE - < ML T =TV R - ERICFET 2KRIGEHEOZE®R TEERTH S IcE b5 T, E
WIFRTIE TRET 51 EABEN, TOFE 2T 51571 & UTRTERIKICHS % Navier-Stokes iR E 1
% (B 21X McKenzie, Roberts and Weiss, 197040, C I LTIELL DO THA S5 M ?

XHRIC K D R ZIR DR & KR T OO 772> 7z Haskell(1935)°Z ORI T~ >~ MViHfZ2 6 Uz
Pekeris(1935)x & JeERNIIZ 2B IR LAaA 5. McKenzield 7’ L— k77 b =7 AR D~ » M IVGHFRIIZE O RO &
5% X 95 7%/ The viscosity of the mantle(1967, Geophys. J. roy. astr. Soc. 14, p.2BBE TRD X 5 IR TN 5,

Creep under low stress is by diffusion and has a linear relation between stress and strain rate; it also obeys the Navier-Stok
equation. Therefore the viscosity of the mantle may be calculated from solid state theory and also from the slow deformation o
the Earth.

C T TIRMPERBIOYEINERE L LT, EAYESME T THIS N TV 7 ) — 785, BIBERICEINNIGS 72
il 2 L ZNUTS T T NEEMNE T, K & HICZNDREL LGB HEZERD [N EAZLTWE T LMD
Mo, EOXE, To—E GEE) BIRZRIENIZITHRXONEISHE LTERHT S, LEoTwnaeensd,

5. REXPOIC1 28 AWEHE TR U, TOREZIIIERENESDOTH S, LTAM, FifEE)THEXT
FiPE ORI DHEEIRILEY 2 &9 T &I - PIEINICHH S IZ, T O/NRRERIERR S THETI NS K&
IRER, 7o 21 106x21Par seczflio 55, £ Y MVNICEEZ S A 238 S THEBIENMENT 5 2 & ZE L,
C O L LTZI ANSNE, (Forte, 2007; Treatise on Geophysics, Vol.1, 1.23, pEHEH Y, LH L., C
DFEHICENTD, BHLVWESE 2D LTWVIEV,)

FREDOHEFETE, HAGETE, “In/1—8 GHE) BFR” LW olki EBELMEKTE S SAERMAA TRV, [EfA
OWRE ) NSBWVENSRE STV —TBHRTEINDNSINZ 2 TIDEK T, HKER. KilERZ2 K 2 RTINS ) %2
HBZ T ETZOMRETZ 7)) —THENAESN TS, UK U, k7RI sl 20— E ERERIE
WIT, A GHEES T —) WEK E A > THEC 3 I0 N0 7%Z RO TEBT 2 2 EARDENTNEDTH S, T
DRFNEZECDRKNTH A 9,

COXSEMEWZEC TG THLWERE) ZIFFEOYARTHRELED, HTFOOEAICES T, ERHERY)
HPHERRE LAWK D THh o7, FEIGESLOBIEZ1R 0K 9 & L i FadBlmie, stk etk ens T2
DDIESID—=DDYHKDHTENNT NS L0 D RNEGE ] 7 EEARMNEER Z2 OIS EI L 72w,

ek & 75 5 WA > Te @ L OBIIR 2 fE56HE & 92 LROED (FHFEHRKDO X L ),

- MaxwelllZ K234k 2y 2 2Ky FOBRIC X 2R RHI 72 B TR & NItk o /122 R 72 T Uz,
S )1 DR R 2 2% 3 M T RS YRR LN R T H % .

cHLWHETIEREX Yy Y aRy FORRIZEZ 2 L, JJOPRIKIERDOAT, Xy oy bORENIHMETI TR
< RRDFE RO EDORZ L 2508 T 28 D & HixE %,

« TORFINT > THEANOFRZE Z % &, ISHOTRIEHEEDOHRTEL . —. TNETOERHAN [HiEED
e & AR (LT 5] EWVWS T 2ERT, LFERTE %,

c COTEIFHERBNS EHLNTH O, 1% (MR ORI T, MR 2 ReussDHER (1930) &
MEENEEDLEUCTHD, EFICHEEEN TS LidEN 5,

- Zhp A, Maxwel FERANCRD D T OREEHIZYIEREERC I DIERI & U, dliAO#EB) SRR & HbeT [
IAVEDR ) OHEEEATEXR L T2ONEYITH %,

- IEFEROBE ORI TR, B ORRZL GREZMOFERDZNL) 2 [Hh) LHETE, B> DA
£ B BB OV TUIREHEFRA D SRR E BEENIC RS £ 755, Lz > TZ ORI AN ERSEFRROMES) & 725 W
R R T DB DITT TR,

« FEWD B B IEFETERPERTIE. HEED B 5RVIRD . BHEENICHRET 2 DIdRAEK T (deviatoric component)
DRHEEZENZNE, HHITHMERIA L [H Clcida 50,

- FEE BB —ROGG . RIS > < DEDZBRITH LT, #EBSEX (10N T 2 R) G HEH P 2R -
e R, MR (RERDT) DGR ORZRGICEE L THINY 5 & 5 G229 %,
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The boundary mode of axially symmetric MAC waves can exist in the stratified layer at
the top of the Earth’s outer core

PSS TR0 T T AR 2
NAKASHIMA, Ryosuke"* ; YOSHIDA, Shiged

LIUNREERZEBEER AR IER R RS A I, 2 SN R SAR AR B A 2 B R R R AR
!Department of Earth and Planetary Sciences, Graduate School of Sciences, Kyushu UnfRegiytment of Earth and
Planetary Sciences, Faculty of Sciences, Kyushu University

i EERICI, HIEEZA A B (B 21X, Helffrich & Kaneshima(201Q) Kaneshima & Helffrich(2013) “®FHa A7 HER]
KD BOYEICK > TRERE LIZERH D Z 572, L0 Tehnh->TE, ZOEKE LT, Helffrich(2014) T
&, FIHAHIERIC & - 7o SR E DR E T2 EZADE NI EINTVWS, TORERE LI, B/ (Magnetic force »
%71 (Archimedes force+ 1V 4V J7 (Coriolis force D35 A &> THL % MAC IHEES %, Braginsky(1993)
Tl HIEK D 60 LT ZFHT 5 /28I, ZD MAC I Z TR IR > 72358 O LN BERINIORE N TV, <
CTOEDET IV, FMENE L DBFRIC B W THEDONERD D D | BN TIXIZNIIREED —ETH 5 K 5%t DHH
WHNTW5, (LA L., REDOHIEZOBIHITIX, TOXIBREEDONERIZEIZIREEDNTNS,) ZOfD
FAAL T DNHREEE T VT = — VEGHE L1718 T A— 2 DR E7ED (€ =Va * B, =V4 *N/f, TT T (M
JENAHEE, Vo 37V o — Y 0dE, B, 1377 /1735 A—%, N ZEOFHRIEL fi3a) 3V /8T A—%2—) i
EMGERY A Vi OERS DY TEINDS, o, BERISIEHERICIEIT 5, MO 7 iRE I Ly
T2DT, B SEILNHEEN DU, FIREEDHEE TE %, mdbis 1=2 OFEAT— REPEE IR O
0L EADLED X IICT B & FHIRBBUIHIBRD HERfHED 2 {513 L1755,

Fh7z Bk, Braginsky(1993)CAE SNz BT )V L HREARIC, HENEGDH 2 @I RE L (T T TIEBER
B REMERC LICT ) BIHET 5T LR RME LT, COffld. Braginsky(1993yDMRIC T R o — LAV E
<, BB IERIC K> TIRIES %, Fz. MHEERD SEENS FmIcET, JERENS Braginsky(1993YDfRD X 5
I TN DIFHRBIENC KT LR, Jﬁiﬁiﬁl}:%“lﬁ?&iﬂlbi}%fﬁﬁblﬁﬁé%‘?&Ki@ﬁ@jﬁ%é\ LIRS S IiIF LT
W5, SNEMIEIIEAD SN ICONTIRENNS K22 X2 BB TH 5, HEAEGOHEILEENREVE, 3
WERFRIANIC & ZE NS B TREDN K E L KD, ZORDEPITHROMNZICIE, BEREG L EDOREIA/NE N 875‘%\%
THH. MILEBDV NS VED DM D RTNTHA S, IS, ML 1=2 DB E— FOIREEZ il <D 60 4F2
FeHbEsLIICTE e, BEOLUDEIGFIE 1074 FEICK 5, &I, TOWKIE. MEIEBERNVNEIWIZ E, K
ICEZENCBIRET 5 LWV NG T 20 & 3FOE 2R > Tnb, BRE—FTHHDT, BERmZIRIEE
nE, BTN chE LN7EL,

F—"7—F: MAC i, ¥V i BB, H &
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Fﬁect of sulfur on the reaction between iron and water under high pressure and tempere
ure

S EE o aEE LY I BAE L AN 55E?
MITAI, Shingo'* ; KONDO Tadashi ; TAKUBO Yusaku ; KIKEGAWA, Takumi?

URBORSAFEAWIFERE, 2 VI E RS R A TS
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TERRHA D HER N EREE R Cld Fe & HoO )G L. FeH*® FeOOHZHED E/KEMMHEIRT % C MG EIN TS
(f51 2. 1% Okuchi ,1997; Ohtani et al.,2005, Afiff%¢ TIEHEICZ R RDKISZTAND DIz A, Fe-S-H-ORD &
AT FICBU % KGRz RNz,

CTORTIE. MSERY & UTHEE I NS SRR h OKEMEERCTREIN SR LT LE S zdic,
B T3V F—hIHER T 7R (KEK) « SRR (PF-AR-NE1A) TV, Z D8 XFRIETIEIC X o TS B%2
I3 LiIckb, RO ORISR ISP DRIE Z1T -5 Tz,

EmE R AEREEICIE AR-NELICRE SN2 L—— AR X A VY& K7 eV RV, HERFNCIE FeS
OMARZFIRICIN L LIzd D LHikzZR-V, L= LA Ay MR TR RICE A Uz, ESRIEICIE H,O-VIFHD
REEAERZHW Tz, IEICIE Nd:YAG L—Y ' —Z W zlimhingAzi 1o, iR O &R 5 OfESHS X b KISiREZ
HEE Uz,

ARIZRIE 24GPa 33GPaD £ /)5, 300K-1200KDIRESRMNTITo7es TDORR. TN 5 DOIRFEEHJJHiPH Tld ek
P E LT FeS(Pyrite). dhcp-FeHc. & -FEOOHMWBISE NIz, ¢ -FEOOHDZEMIHKIE Fe & HoO DRIGTHE T
TWBENXDEEMTETERETIIET ST &, £ ¢ -FeOOHD @i MRS D HIKI T E 12T & Fe-S-HR Tldk
ZEL FeSHHE SN TV AN Fe-S-H-OR TRIMEYIIHICEREKENRSNAKNT &, Fe-S-HRTIRAESNED S
7z FeS BFizicHgT 5 2 e Enh o iz, Fie. %E%%‘ﬂilﬁlﬂi%iﬁﬂ@ SEM-EDS/HTOFERIC DN T EHET 5,
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Measurement of thermal conductiviy of mantle minarals at pressures of the transition zon:

to the lower mantle

K3H 1E8L Y K B 2
OSAKO, Masahird* ; YONEDA, Akira?

VENZ R A YRR B oA SEES, 2 W LR AR B R A e > 2 —
! Department of Science and Engineering, National Museum of Nature and Scierstiyte for Study of the Earth’s Interior,
Okayama University

Knowledge of thermal diffusivity or thermal conductivity of the mantle is vital for study of the dynamics of the Earth. So far
we have measured thermal diffusivity and thermal conductivity of upper mantle minerals, i.e. olivine and garnet and hydrous
phases, i.e. serpentine and talc. All those data were obtained by the experiments at pressures up to 10 GPa and temperatt
to 1100 K. The measurements were conducted by a pulse-heating method of one-dimensional heat flow using the Kawai-typ
apparatus at the Institute for study of the Earth’s interior, Misasa. This current method is a predominant one for study in deef
Earth’s materials under pressure. It has some advantages as follows:(1) comparatively small amount of samples (2) applicable
materials with anisotropy in thermal conduction (3) simple cell assembly. Moreover, this method enables to obtain specific hea
capacity under pressure.

In order to expand pressure range the cell assembly is needed to advance by reducing its dimensions. A new cell-assemt
similar to our previous one is designed for a sample of 2.6 mm in diameter and 0.6 mm in thickness. This smaller cell is
installed in a 14 mm edged octahedral pressure medium in 7 mm trancated anvils. This cell enables to make measurements
the thermal properties at pressures exceeding 15 GPa, which will covers the condition in the mantle transition zone. The cell wil
be also applied to pyroxene samples of which sizes are necessarily limited. Test measurements were made using garnet samp
The results agree well with those of the previous experiments using the larger (18-11 and 14-8) cell, and the extrapolation
to zero-pressure coincide to values of other methods. Thus, the pulse heating method will be applied for thermal propert
measurements of wadsleyite, ringwoodite and majorite. Using large anvd$ (mm), the method is probable to measure the
thermal conductivity of MgSi@ perovskite (bridgmanite). However, measurements at high temperature still have somewhat
problems in precision. Materials of impulse heater and external furnace should be re-considered. The precision of measuremer
should be improved by well-controlled machining of the cell assembly and by refining the data acquisition system.

F—T—F: ¥ MVEY), BIEECR, MRS, mH, )R E
Keywords: mantle minerals, thermal diffusivity, thermal conductivity, high-pressure, Kawai-type apparatus
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Lattice diffusion in MgO crystal from first principles simulation

JRUEE s b ffe s
HARADA, Takafumi'* ; TSUCHIYA, Taku'

VIR RCEMIBRGER X A F 2 7 Atget > 2 —
LGeodynamics Research Center, Ehime University

Rheological property is critical to understanding the mantle convection. Diffusion creep might be the dominant deformation
mechanism in the Earth’s lower mantle and super-Earths’ mantle (e.g., Karato, 2011). Thus several experimental and theoretic
studies have tried to measure lattice diffusion coefficients under pressure, which are both still technically difficult. There are
two theoretical approaches to calculate self-diffusion coefficient in solids. One is based on the static lattice energy calculatior
and the other is based on the molecular dynamics simulation. In the former case, it is difficult to evaluate attempt frequency
and in the latter case, atoms are hardly mobile in actual computation time at the Earth’s lower mantle and super-Earths’ mantl
temperatures. These two approaches were previously applied to MgO, one of major deep mantle constituents (Ita & Cohen, 199
Ito & Toriumi, 2007). However reported pressure dependences of the self-diffusion coefficients are contradictive with each othe
particularly at high pressure over 80 GPa.

In this study, we develop a new theoretical method to calculate self-diffusion coefficient in crystals with charged vacancies
(Schottky pair) within the first principles framework. This method was then applied to NaCl-type MgO. We found that the calcu-
lated pressure dependences of the self-diffusion coefficients in MgO are consistent with those of Ita & Cohen (1997). Diffusion
creep viscosity of MgO was then estimated using calculated diffusion coefficients. Our activation volumes are consistent with
experimental values at low pressure (Van Orman et al., 2003) and decrease rapidly with increasing pressure. It suggests tr
super-Earths’ mantle would not be quite viscous and the constant activation volume extrapolation leads to overestimation o
viscosity in the deep mantle.

This method is widely applicable to other materials including bridgmanite, post-perovskite and CsCl-type MgO, which are
important to analyze more realistic planetary interior dynamics.

F—"7T— R: MgO, #&FHLEL, HER R~ > ML, A—/R—=7 — A<V b, H—FHEHAE
Keywords: MgO, lattice diffusion, Earth’s lower mantle, super-Earths’ mantle, first principles
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Are LLSVPs formed in the Earth’s lowermost mantle by the subduction of oceanic crusts?

JFH HH o o &l Bl 2
HARADA, Akari'* ; KAMEYAMA, Masanori?
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IDept. Earth Sciences, Ehime Universitgeodynamics Research Center, Ehime University

We conducted a series of numerical experiments of thermo-chemical mantle convection where a subduction is preferentiall
induced at a continental margin, in order to verify a hypothesis that the Large Low-Shear Velocity Provinces (LLSVPS) in the
Earth’s lowermost mantle are formed by subduction of oceanic crust. In this study, we adopted a model of two-dimensional
rectangular box of 2900km height and aspect ratio 6 with reflective boundary condition in the horizontal direction. We placed an
immobile lid as a model of surface supercontinent which covers a third of the top surface. We also put a thin layer of chemically
dense materials as a model of oceanic crust, which may sink into the deep mantle along with cold descending flows from the to
surface.

Our calculations showed that the subducted oceanic crusts are preferentially provided under the continent when the subducti
at the margin of continent is stable. However, stable subduction caused strong convection and significantly stirred the mantl
under the continent. Therefore, subducted oceanic crusts were distributed almost uniformly under the continent without accumt
lating on the CMB. On the other hand, the cases with unstable subduction at the margin of continent showed a long-wavelengt
mantle convection structure which has an ascending plume along the side wall under the continent and a descending plume
the opposite side wall. The large-scale flow gathered subducted oceanic crusts under the continent and formed large piles on't
CMB.

Our results suggest that the LLSVPs are hardly formed in the presence of stable plate tectonics like the current one where
stable plate motion including subduction stirs the mantle very effectively. In other words, the formation of large thermochemical
piles which are equivalent to the LLSVPs should have been completed before the plate tectonics is well established, assumir
that subducted oceanic crusts are the origin of LLSVPs.

F—T— R MU, Bl 2 2 L—3 3 >, LLSVP, 7 L— b kAR
Keywords: mantle convection, numerical simulation, LLSVP, plate subduction

1/1



Japan Geoscience Union Meeting 2015 /0 d ;

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

SIT35-P06 S ay Ry gV R—)b FFR9:5 H 26 H 18:15-19:30

Experimental presentation of plate subduction using paraffin wax
Experimental presentation of plate subduction using paraffin wax

VAGLAROQV, Bogdan St* ; UEKI, Kenta ; SAKUYAMA, Tetsuy& ; IWAMORI, Hikaru! ; HANYU, Takesht ;
NICHOLS, Alexandet
VAGLAROV, Bogdan St* ; UEKI, Kenta ; SAKUYAMA, Tetsuy& ; IWAMORI, Hikaru! ; HANYU, Takesht ;
NICHOLS, Alexandet

!Department of Solid Earth Geochemistry, JAMSTEOgpartment of Geosciences, Graduate School of Science, Osaka City
University,?Research and Development Center for Ocean Drilling Science, JAMSTEC
IDepartment of Solid Earth Geochemistry, JAMSTEOgpartment of Geosciences, Graduate School of Science, Osaka City
University,>Research and Development Center for Ocean Drilling Science, JAMSTEC

Experimental approaches using analogue materials have been widely used to understand kinematic behaviors of tectonic plat
Previously molten paraffin in a tank inside a hot water bath has been used. Although tectonic plate-like behaviors, such as incline
subduction and trench migration, have been observed, the “plate” in this case was too thin to reproduce the lithospheric streng
and the heat balance through the thermal boundary layer of the Earth. In order to simulate the plate and its motion as a wel
developed thermo-mechanical boundary layer on top of vigorously convecting mantle, we have developed a tank apparatus at
performed preliminary experiments using paraffin wax.

To control the complex heat and convection processes and for easy observation we constructed a glass tank with an inn
size 120x23x4cm. The walls are constructed from double pane glass with panes separated by air gap to reduce heat loss, &
reinforced with aluminum plates and bars. The paraffin was melted from bellow by a copper heat-sink containing 24 ceramic
heating elements. To reduce heat loss to the back wall, the wall was isolated with 8cm thick foam. At the boundary layer
where the paraffin wax was sticking as it cooled down we applied NiCr wire heater to the inner walls. All heating sections were
controlled by variable controllers. We cooled the top layer of the wax with a cold air flow carefully controlled with thin foam
plates from a vat filed with liquid Nitrogen.

The biggest challenge was the “frosting” effect especially on the front uninsulated wall that prevented the “subduction” of the
forming “crust” to deeper levels. External wall temperature was®50 °C was measured at the boundary level by the wire
heater, while the wax inside the tank was at"80 Some external force was necessary to initiate a start of subduction. The
maintenance of balance between the various heaters, the wall temperature, the wax temperature and the cooling rate was criti
for the successful completion of the experiment.

We observed continuous subduction and clear “crust” forming with subsequent “subduction” . We can say that our experimen
properly reproduces the general features of plate motion of the earth. Atrtificially fracturing or weakening the boundary layer
and applying a vertical, downward external force were required to initiate subduction in addition to collision of the plates. The
thickness of the plate was the primary parameter controlling subduction behavior and plate motion. The plate showed elastic ar
plastic behavior depending on its thickness and temperature. A cold and thick “plate” did not subduct even after applying ar
external force, and formed a stagnant lid. A hot and thinner “plate” did not show continuous subduction behavior, plate motion
stopped soon after subduction was initiated, possibly because the slab pull force from the thinner partially subducted slab we
too weak. Our experiment results suggest that the driving force of subduction and plate motion is slab pull, not the therma
convection of the molten paraffin or ridge push. We will present photos and videos of the observed processes.

Improvements to the tank and heating elements design are necessary to provide better and easier control over the experimel

F—7— F: analogue experiment, plate subduction, paraffin wax, glass walls tank, slab pull
Keywords: analogue experiment, plate subduction, paraffin wax, glass walls tank, slab pull
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Numerical experiments on mantle convection of super-Earths with variable thermal con:
ductivity and adiabatic compression

A e o dal Fi !
YAMAMOTO, Mayumi'* ; KAMEYAMA, Masanorit

VIR HERGER 2 A 2 7 AWtget v 2 —
LGeodynamics Research Center, Ehime University

Recently, many extra-solar planets have been discovered by improved observation technologies. Some of these planets, cal
super-Earths, have small masses (up to 17 times the Earth’s) and high mean des8@9 kg/m3). Numerical modeling of
mantle convection of super-Earths plays an important role in studying the occurrence of plate tectonics and the surface env
ronments on these planets. On the other hand, when considering mantle convection of super-Earths, it is also important to tal
into account the difference in (hydrostatic) pressure in the mantles. Since super-Earths have high inner pressure, there mt
exist a strong change in physical properties and the effect of adiabatic compression. While the effects of physical propertie
have been intensively studied so far, those of adiabatic compression have not been well studied in the previous models of mant
convection of super-Earths. Here we conduct numerical experiments of thermal convection of highly compressible fluid in a
two-dimensional rectangular box whose thermal expansivity and conductivity are dependent on depth, viscosity is dependent ¢
temperature, in order to elucidate the mantle convection on super-Earths.

Our numerical experiments showed the change in convecting flow patterns depending on the temperature-dependence in v
cosity, regardless of the depth-dependence in thermal conductivity. When a viscosity is sufficiently dependent on temperature
horizontal flow becomes dominant in the mantle, with a very weak activity of hot plumes from the base of the mantle. This flow
pattern is quite similar to the "stratosphere” in the field of meteorology. In addition, we found that the occurrence of "strato-
sphere” is enhanced for a strong depth-dependent thermal conductivity. One reason for this is that high conductivity at dept!
significantly reduces the difference in temperature between the basal thermal boundary layer and isothermal core. Our stuc
therefore suggests that the depth-dependent thermal conductivity is one of the most important agents which control the mant
dynamics of super-Earths.

F—U— R A—=/3—H#ER, = > ROV, WA, YRR, BVRER, KR
Keywords: suoer-Earths, mantle convection, adiabatic compression, thermal expansivity, thermal conductivity, viscosity
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A7 I a L= a VB 5 A b= AHoOBKEmE
Implicit solution of the material transport of the core formation simulation

i A 1 ; May Dave
FURUICHI, Mikito!* ; MAY, Dave?

L EERRLAE - SR BN ISE o B, HEFETZEBEFEREAE, 2 Institute of Geophysics, ETH Zurich
1Japan Agency for Marine-Earth Science and TechnoRigsgtitute of Geophysics, ETH Zurich

In order to investigate the long time-scales of the global core formation process in a growing planet, we are developing the
Stokes flow simulation code using MIC based techniques for material transport with a free-surface treatment. We are intereste
in the dynamical change of the internal structure after solidification of magma ponds/oceans during the core formation under
self-gravitating field, especially because it might lead to an initial heterogeneous structure in the deep mantle.

However current numerical solution method is difficult to solve the system coupled with the energy equation because the nu
merical system becomes stiff when the dynamical balancing time scale for the increasing/decreasing load by surface deformatic
is very short compared with the time scale associated with thermal convection. Any explicit time integration scheme will require
very small time steps; otherwise, serious numerical oscillation (spurious solutions) will occur.

In this work, we propose to treat the advection as a coordinate nonlinearity, coupled to the momentum equation, thereby defir
ing a fully implicit time integration scheme suitable for stiff problems [Furuichi and May, Compt. Phys. Commum 2015]. We
utilize a Jacobian free Newton Krylov (JFNK) based Newton framework to solve the resulting nonlinear equations. We also
investigate efficient solution strategies to reduce the computational cost to evaluate the nonlinearity on MIC advection.

These implicit methods are implemented within FD framework [Gerya and Yuen, 2003]. We examine the solution quality and
efficiency of these methods by performing numerical experiments we have performed a series of numerical experiments whic
clarify the accuracy of solutions and trade-off between the computational cost associated with the nonlinear solver and time ste
size.

F—U— R VIR, BREE, JERIE Y LN, B B R
Keywords: core formation, Stokes flow, free surface, implicit time integration, JFNK
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Hi-net Tt & 1% SKS splitting parameteD &7V > 7
Modeling of SKS splitting parameters measured in Japan with Hi-net

ANITEN Y Y TN A L R s 2
OGAWA, Naotd* ;: KAWAKATSU, Hitoshi! ; TAKEUCHI, Nozomu ; SHIOMI, Katsuhikd

P REUR Y HUEEWTSERT, * B SR AR T

LEarthquake Research Institute, the University of ToRyational Research Institute for Earth Science and Disaster Prevention

To systematically investigate the spatial variation of seismic anisotropy around Japanese islands, we measured splitting paral
eters (fast polarization directiaf, delay timeot) of teleseismic SKS phases observed by Hi-net (Ogawa et al., 2014, SSJ). The
results indicated regional scale variations of splitting parameters that are apparently related to subduction systems. In order
investigate detailed anisotropic structures (fabric in mantle wedge, subducting slab, and asthenosphere), we conducted forwe
modeling using synthetic seismograms. We modeled the SKS phases by the ray theory. We assumed that the SKS ray is strai
and that each region has homogenous anisotropy. We rigorously calculated the phase velocity in each region by solving tt
Christoffel matrix. The preliminary analysis indicates that the measured splitting parameters appear to be primarily affected by
the A-type fabric in subducting slab (oceanic lithosphere) whose a-axis aligns in the direction of the fast axis observed at the
surface by using our OBS data.

F—TU— R MBS, T T
Keywords: seismic anisotropy, s-wave splitting, modeling
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SOVFE— FERMEKIC KD B~ > bVEnE SR T EORIE
Constraining radial anisotropy in the upper mantle with multi-mode surface waves

P M
YOSHIZAWA, Kazunori*

VAGEE R ER AR AT R

LFaculty of Science, Hokkaido University

The radial anisotropy of shear waves represents the differences in the propagation speeds between vertically polarized she
waves (SV) and the horizontally polarized ones (SH), and can be a key to the understanding of the dynamic processes in tt
upper mantle. Seismic surface waves are the most powerful tool to determine the spatial distribution of the radial anisotropy
Some recent studies have revealed the existence of a layer with strong radial anisotropy (wivypbeneath the lithosphere;

e.g., under the Pacific plate (Nettles & Dziewonski, 2008, JGR) and the Australian continent (Yoshizawa, 2014, PEPI). This
is, however, not always the case and there are also some studies on radial anisotropy that do not show such a clear layer w
SH>SV beneath the lithosphere. These differences may be related to the differences in model parameterization.

For the inversions of multi-mode phase speeds of Rayleigh and Love waves for radial anisotropy of shear waves, we can us
either set of model parameters for the representation of the anisotropic S velocity; i.e., (A) SV velocity (Vsv) and SH velocity
(Vsh), or (B) SV velocity (Vsv) and radial anisotropic paramétei(Vsh/Vsv)™2. The choice of model parameters for inversion
is arbitrary, but, through synthetic experiments, we have confirmed that this difference causes non-negligible effects on the
reconstruction of radial anisotropic properties of shear waves. This is mainly caused by the differences in the sensitivity kernel
of Love-wave phase speeds to Vsv, Vsh and

For the set of parameters (B) [Vs§], Love waves always have the largest sensitivity to Vsv with suppressed sensitigjty to
and the kernel shapes for both Vsv gndre nearly identical. On the other hand, for the parameterization with (A) [Vsv, Vsh],
Love wave phase speeds are controlled primarily by the kernels for Vsh, which have the largest sensitivity to Love wave phas
speeds with little influence from Vsv, which can be better (and independently) constrained by Rayleigh waves.

Such intrinsic differences in the sensitivities of surface waves can lead to the different results in the estimation of radial
anisotropy. Our synthetic experiments suggest that the parameterization with [Vsv, Vsh] would be preferable particularly when
the radial anisotropy with SHSV is caused by anomalously slow SV velocity, which is consistent with the recent anisotropy
models reported in the fast moving Pacific and Australian plates. We have also found that the strong dependence of the retrieve
anisotropy on the initial model, when we use [V&las model parameters.

Keywords: radial anisotropy, surface waves, upper mantle, lithosphere, asthenosphere
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HAYE FORMHEPJ - SINET T T 4 —
Teleseismic P- and S-wave tomography beneath Japan Islands

R AN 1 ORI s S B AN Al 2
FUJISAWA, Moetd* ; ZHAO, Dapeng ; TOYOKUNI, Genti ; KITAGAWA, Hiroki 2

VRAEK - B - PRI, 2 EE e
'RCPEVE, Tohoku Univ.2Shujitsu High school

HAYEE, 4 D07 L— DR UMHBICER LS S EHET 7 h= 7 AZH LT3, ZOH FiEIFIERIC
TNEETH . TNFETIOLHMET — 2RO ERE L OMER N7 57 o =R X0, 3R AAYE FD 32X
TUREMIEOHEEDN E SN T X, LM LEDD, %@ﬁﬁhﬁ%ﬁﬁtﬁciﬂﬂ 20 FE< v ML E VS TREIICREE N T
Y, HASEHER (FE 200-700 kmDAEE 2 HEE L7ziizeid iz <, ZORERH E 0 5h > Tz, HARY S
ORGEZTAND T L, LA B AT TRV b Jbiﬁiﬁ())“/hﬁf@ﬁ?wﬁﬁa)%a@t: ERPfRTEZLEZILN, X
Y RVEAF I AR NCIFFICEETH 5.

AWFZE T, S E O RHERGE 272 ] U 7omtithsE s 5575 7 ¢ —I1c & b HASIEEELRD P, S ik o ik
EHEE LTz, PIRZHWIZFRERROFIZRIZEEIC BTN TE N (Bl 21X, Zhao et al., 1994, 2012; Abdelwahed and Zhao,
200775 &), ST Z AW IZ DR, Pk E SIS OT—X2Z W5 T & T, ;EFE%LU)‘T& SRT7 YV D5
&R 5N, HAS B FEBOMEIEE X DFEICHRET 2 e TE .

AL TH W Iz EE O FHERTR 2 1, PIEICIB WL TR, SefThESE (Zhao et al., 1994, 2012; Abdelwahed and Zhao,
2007)ic X DD SNz HADN S DEY 30~100° DOHIFE 360{HDHMN 5, B$@if%ﬁ(ﬁﬂéhf% D, D 1005
DL EOBS TR E Nz 130{A0imitiE & EBIRO DD R B X HFICE B K D ICHTiTzIc @i - 7z 38 AED
At 1681l D HHIEE K O £ 6 /i E D P{EZ:‘EB%T—&Tﬁé SIEICBNTIE, BIRO D HMNGFICIT S X S ICHEATE 561H
OimtiiE X O 4 O ST —2ZFH Uz, £, IROEEMGEZMIET 57201, RETFO—ilbkhzarhs
100 DL BRI S Nz iR 3 FEZ -V iz, i ki, sEiithE & EitiEE O 57— 2 Z[ERfc A 2 N—T 3
VI BT ENTES Zhaoetal. (1994, 2012 BT T 7 ¢ —stE T o Lz vz,

BONTAERK D, PIE, ST & &ML Sk AGHEERFEANR SN, 2~ MLy oy YNDa—F—7
O—TH 5 EEASNS. BEHTLAEIC BT, N FOMGRIEOERIGR > TomEERHEZRS LN TE, I
HBIAET 4 VEVBAT T THBEEZ LN, RHCIUNHISIC/R% & T OEREREIZRE 400 kmfRICE TiEd B4k
TP, SHOWMATREZTENTE, 740V EVIBAT TN FTIEY Y MUEBEE TIHAAA TS EEZ D
N5, BwETCWEINSIKIA, K7V VR~ Y MVERYEOYITEICEId % RAE (dinVs/dinVp) Z:k % & T, HARY]
SOGMELEE X D FHNCEER Lz W,
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Cape Verdeky F ARy h&x > MV )b— L
Seismic evidence for a mantle plume beneath the Cape Verde hotspot

Liu Xin® ; 8 AE 1*
LIU, Xin! ; ZHAO, Dapeng*

P BAERA R A AR

1Tohoku University, Department of Geophysics

The Cape Verde hotspot is located in the African plate, about 2000 km east of the nearest plate boundary. It is compose
of a group of late Cenozoic oceanic islands resting on a broad bathymetric swell on matd@ Ma) oceanic lithosphere.

This hotspot has a positive surface heat flow, high geoid anomaly, and long-term volcanism. The last known volcanic eruptior
occurred at Fogo volcano in 1995.

We determined P- and S-wave tomography of the upper mantle beneath the Cape Verde hotspot using arrival-time data me
sured precisely from three-component seismograms of 106 distant earthquakes recorded by a local seismic network. Our resu
show a prominent low-velocity anomaly imaged as a continuous cokad®0 km wide from the uppermost mantle down to
about 500 km beneath Cape Verde, especially below the Fogo active volcano, which erupted in 1995. The low-velocity anomal
may reflect a hot mantle plume feeding the Cape Verde hotspot.

F—1"7—R: Cape Verdedk v AR b, Y "IV IV—L HIFEBH VBT 5T 40—, <> MIVERE
Keywords: Cape Verde, hotspot, mantle plume, seismic tomography, mantle transition zone
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