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Effects of hydrous rocks on behaviors of subducting slabs
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Regional scale variation of splitting intensity observed in Japanese islands by Hi-net Il
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To systematically investigate the spatial variation of seismic anisotropy around the Japanese islands, we measured the splitti
intensity (SI) of teleseismic SKS and SKKS phases by Hi-net (Ogawa et al., 2013, SSJ). Sl is first introduced by Chevrot (2000
as a method of measuring seismic anisotropy; it is based on cross-correlation of polarized waveforms, and can be modeled lik
the delay time of seismic tomography considering the effect of finite frequency (e.g., Favier and Chevrot, 2003). In this study, we
extend our previous work by measuring Sl for a large number of dataset recorded by the dense seismic station network, Hi-ne
We use data from tilt-meters of Hi-net from October in 2000 to September in 2013. We have selected the recordings of SKSE
phases for epicentral distances between 90 and 135 degrees and SKKS beyond 105 degrees, and Mw larger than 6.0, resull
in a total number of events to be 189 that is much larger than the previous case. For the actual analysis, we apply a band-pa
filter between 0.05 and 0.125 Hz, and the measurement error of each Sl will be carefully estimated using a new formulation, a
there appears an error in the Chevrot (2000)’s original treatment. The preliminary analysis indicates regional scale variations c
Sl patterns that apparently depend on the back azimuth of seismic event, which may be influenced by the subducting slabs.
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Comparison of phase relations in pyrolite, MORB and harzburgite across 660-km discon
tinuity
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Pyrolite is the model rock which composes the average upper mantle. It is accepted that 660-km seismic discontinuity i
formed by post-spinel transition of pyrolite. MORB (mid-ocean ridge basalt) and harzburgite in slabs subduct to 660-km seis-
mic discontinuity due to their higher densities than pyrolitic average mantle. It has been considered that the density cross-ove
between pyrolite and slab materials occurs due to post-spinel transition in pyrolite at the 660-km discontinuity, and MORB and
harzburgite are trapped around the depth (e.g. Ringwood and Irifune, 1988). Therefore, the phase transition pressures of the
mantle rocks are the important parameters to elucidate the dynamics around 660-km seismic discontinuity. We investigated d
tailed phase relations of pyrolite, MORB and harzburgite with multi-sample cell technique.

The starting materials were prepared from the oxide mixtures of pyrolite, MORB and harzburgite composition after McDonugh
and Sun (1995) (excluding MnO,20 and BOs), Melson et al. (1976) (FO5) and Michael and Bonatti (1975), respectively.
High-pressure and high-temperature experiments by quench method were performed at about 20-28 GPa and 1600-2200C
2-10 hours using a Kawai-type 6-8 multianvil high-pressure apparatus at Gakushuin University. These samples were packe
with pressure calibrants (MgSir pyrope) in a Re multi-sample capsule with four holes. Temperature was controlled with a
LaCrOg3 heater and measured with a W5%Re-W26%Re thermocouple inserted Dsadoped MgO pressure medium. Phases
of recovered samples were identified with microfocus-Xray diffractometer and SEM-EDS.

In pyrolite at 1600-2200C, the mineral assemblage of MgSi€h perovskite (Mpv) + magnesiowustite (Mw) + garnet (Gt) +
CaSiQ-perovskite (Cpv) is stable at pressure range of 22-24 GPa, and changes to that of Mpv + Mw + Cpv above 24 GPa. The
mineral assemblage of ringwoodite (Rw) + Gt + Cpv at 1600C transforms to that of Rw + Mw + Gt + Cpv due to transition of
Rw to Gt + Mw at 1800-2000C, and Rw disappears perfectly above 2200C. In MORB, the mineral assemblage of Gt + stishovite
(St) + Cpv changes to that of Mpv + St + Al-rich phase + Cpv with continuous post-garnet transition. In harzburgite at 1600C,
the mineral assemblage of akimotoite (Ak) + Rw + Gt changes to that of Mpv + Mw by post-spinel transition after the Ak to
Mpv transition. Above 1800C, no Ak was observed.

At 1600C, post-spinel transition in pyrolite occurred by about 0.5 GPa and 2 GPa lower pressure than that of harzburgite an
post-garnet transition in MORB, respectively. The Clapeyron slope of post-spinel transition in harzburgite is larger than that of
pyrolite, and both boundaries intersect at 2000C. From the comparisons of density profiles at 1600C, MORB and harzburgit
have lower densities than pyrolite by post-spinel transition in pyrolite.

F—J—R: RA R ACRIUIERE, RA FH—3 v Mink, 660-kmitZB A m, /S 251 b, MORB, /N R—T v

Ak
Keywords: post-spinel transition, post-garnet transition, 660-km discontinuity, pyrolite, MORB, harzburgite
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Melting experiments in the system Fe-Xe and Earth’s missing xenon
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The abundances of noble gases in the Earth’s atmosphere should be consistent with those in CI chondrite. However, xenon
the atmosphere is depleted relative to chondritic abundance, while lighter rare gases, Ne,Ar, and Kr, are less depleted. This
the so-called "missing xenon” problem and its reservoir has been discussed for a long time. Since xenon is too heavy to escaj
toward outer space, the missing xenon (Xe) might be hidden in the deep Earth.

The potential reservoirs are the mantle and core because xenon has a good reactivity under high pressure. Although extens
studies on the reactions of Xe and various mantle materials have been performed, none of those found a Xe reservoir (e.c
Sanloup et al., 2005; 2011; Brock et al., 2011). On the other hand, the alloying of iron with xenon has been expected based o
the fact that Xe becomes metallic above 130 GPa (e.g., Eremets et al., 2000). While first-principle calculations suggested th:
the solubility of xenon in hcp iron is 0.8 mol% at Earth’s core conditions (Lee et al., 2006), experimental study showed that the
solid Fe-Xe reaction did not occur at least up to 155 GPa and 3000 K (Nishio-Hamane et al., 2010). Here we performed melting
experiments in the Fe-Xe system to 86 GPa and 6450 K.

High pressure and temperature (P-T) conditions were generated in a laser-heated diamond-anvil cell. We used pure iron fc
as a starting material. Xe was loaded cryogenically. Angle-dispersive X-ray diffraction (XRD) measurements in-situ at high P-T
were conducted at BL10XU, SPring-8. The textural and chemical characterizations of recovered samples were made by using
field-emission-type scannning electron-microprobe (FE-SEM) equipped with energy dispersive x-ray spectrometry (EDS). Bott
cross section and surface of a sample were carefully examined by combining a focused Ga ion beam (FIB) with FE-SEM.

Any evidence for the reaction was not observed at least up to 83 GPa and 3810 K based on both XRD measurements ar
chemical analyses. On the other hand, chemical analysis on the sample recovered from 86 GPa and 6450 K, the highest P
condition achieved in this study, showed Fe alloyed with up to "1.6 wt.% Xe as tiny grains. This sample had a difference in the
texture between heated and unheated regions. We calculated the concentration of Xe in the entire molten area by assuming 1
heated region and the small grains of Fe-Xe alloy as a cylinder and spheres, respectively. The xenon content was estimated to
0.02 wt. % for the heated area which is high enough to account for the missing xenon probtéfwi1.86 Xe in the core). The
present results could be a clue to solve the "missing xenon” paradox. Since the temperature of the present Earth’s core is mc
likely lower than 6000 K, xenon might be incorporated into the core during Earth’s early history at higher temperature.

F—U—F: Iy VIFR/ YV, EREIE, AESER, a7
Keywords: Missing Xe, melting experiments, High pressure and temperature, core
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Whole-mantle P-wave radial anisotropy tomography
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1.1FC®IC
MBI OIS B BRI, 1T A EDGEICHEW TN NOE M (B15, transverse isotropy HME &

N%. ZoRFEE, AKEEA (B1H, SAEAM) EEhEFm (Bl5, radial anisotropy I &% 2 0.

<V MVNOHIEER DS MEE, DAS AL EDIEETIOE DRI, MO 2 LickbZ
NS oiERAEN (lattice preferred orientation, LPOIC X % & D & #E 2 515 (e.g., Zhang & Karato, 1995; Tommasi et al.,
2000; Kaminski & Ribe, 2001) HiiE % o ¥ 75 1 & HBRNEBYIE D IRRE & DBGRA N, B2 BIIIG 2 2 & THl
BRNEROMEE & A F 2 7 AR REFMNT T &N TES (Silver, 1996) HIFER O /M E/THEICEET 201283 8Z 11D
NTW3. —7, BATEISRE T O CTFAET % EAGE UT28hE 25 I B9 2 W25, Pl ER7— 2 %2 iU T Wang
& Zhao (2013)ic & b sty & SuNHt s Tirb iz,

AR TIERY Y MVOERFHEZERICANT T O— NV N BT T T 4 —Z2 ML, ¥V MIVAAF 7 ZADOWMSE
kAT,

2. T—X « Fik
EFEHEY > Z— (ISC) D EHB A2 7 51LUA « 1 (2010)1C & > THEIR I N7z 67655 OB THIIE iz
12,657{H DOHIFE & fRFTIC W 2. #9140 J5{E D P, pP, PP, PcR Pdiff i DERFT— R 7% A 2 N\— 3 I LTz,
fRFTIC W T2 FE1E, Wang & Zhao (2013 EriE S 51 b €75 7 « —DFiE% Zhao et al. (2013)c &K% 71— 3L
FET ST 4 —DTETHHFAATLE D TH 5. ZNcH T HERE 2R I8P RO 2 £ (] 220 km) TH D, =X
TCHL T PERSE 2 A T O RIFEIE 1 0 (9 1100 km) TH 5.

3. HER
B GEZBRBICANT N BT T T 0 — R UIAER, FH D DI 2B LT T IVIC AR TERFERY 7R root-
mean-square (RMSERFRZ XD Uz, B~ > BV ERACEP AR B R Y, 28 KIPED RT3 L ks i
WHRRLN, 2, FAEEE T 7V O RICid—= > VB (CMB) A SR F THik: L {EEREN RS NS
5 EHITRANC OV TRITHRE TITONIEF ST VTS T 7 ¢+ — DR EIEFISTRIINTH > Tz, BRI, K
A —)8=T)o— L5 & TRENE T OEED KT M K D B L TWAREEN R SN, = > bV OShiE 5 m 0ES) 7z %
LTW3EEZLNS.
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Sci. Lett. 189, 253?7267.

Silver (1996) Seismic anisotropy beneath the continents: Probing the depths of geology. Ann. Rev. Earth Planet. Sci. 24
3857432.

Tommasi, Mainprice, Canova & Chastel (2000) Viscoplastic selfconsistent and equilibrium-based modeling of olivine lattice
preferred orientations: Implications for the upper mantle seismic anisotropy. J. Geophys. Res. 105, 7893?77908.

Wang & Zhao (2013) P-wave tomography for 3-D radial and azimuthal anisotropy of Tohoku and Kyushu subduction zones.
Geophys. J. Int. 193, 1161-1181.

LA #, BRI (2010), 22~ > BV P €55 7 ¢ — -Tohoku €7 )b-, HFIHiIEK, 32, 312-324.

Zhang & Karato (1995) Lattice preferred orientation of olivine aggregates deformed in simple shear. Nature 375, 774?777.

Zhao, D., Y. Yamamoto, T. Yanada (2013) Global mantle heterogeneity and its influence on teleseismic regional tomography
Gondwana Res. 23, 595-616.

F—T—R: " ETITT 4=, VMV EGENET T T 40—
Keywords: tomography, mantle, anisotropy tomography

1/1



Japan Geoscience Union Meeting 2014 /0 d ;

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

SIT39-P06 23 R AR —2 R¢fil:5 A 2 H 14:00-15:15

CO, L—Y—lfll AL V& > R 7 > E)bt)b7z Fv iz MgO-MgSiO; RODVARETE

Melting experiments on the MgO-MgSi®&ystem using double GQasers heated dia-

mond anvil cell
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Seismological studies suggest the presence of ultralow-velocity zones (ULVZ) near the core mantle boundary (CMB). Partia
melting of the lower mantle materials has been proposed to explain these zones, but experimental validation at the appropria
temperature and pressure regimes remains challenging. The melting curve of the lower mantle material is a key to constrain tt
existence of melt at the base of the mantle. A laser heated diamond anvil cell (LHDAC) provides an enabling tool for determi-
nation of melting temperatures of materials under i conditions. Although YAG, YLF lasers (the wavelengths are about 1
1m) have been generally used for LHDAC experiments, the use of metal absorber is required to heat silicate materials. Howeve
the thermal absorber may cause a chemical reaction and a temperature gradient in the sample. The accuracy of temperature
termination is suffered from the chemical reaction and the temperature gradient. In contrast, tas€@vith the wavelength
of about 10um can directly heat silicate materials. For the minimization of temperature gradients, double-sided heating system
for LHDAC was suggested by Shet al. (1996). This technique using the YAG laser has been widely used to study the behavior
of materials under higk-T conditions. However, the double G@aser heating system has not been used due to the wavelength
of this laser is different from that of visible light.

The requirements for the pressure medium in laser heating experiments are low thermal conductivity and chemical inertnes:
Ar, which is a noble gas, is one of the suitable pressure mediums. However, loading Ar into the DAC is difficult under room
temperature and ambient pressure. Therefore, a simplified method to load Ar into the DAC is required. In this study, | estab.
lished new experimental technique for the minimization of temperature gradients and chemical reactions and performed meltin
experiments of the lower mantle materials using LHDAC.

First, a double-sided heating system using,G&ser was developed by separating optical elements. This system consists
of the heating system using two G@asers which have the high power (100 W), the observation systems and the temperature
measurement system. By using lenses designed for thdd3@r wavelength, the laser system is separated from observation and
temperature measurement system. Two dimensional images and radiation spectrums are observed by Charge Coupled Dev
(CCD) camera and spectrometer, respectively.

Second, a simplified method to load Ar into the DAC was developed by the cryogenic technique. In this technique, Ar is
cooled using liquefied Nuntil it forms a liquid, and the liquefied Ar is loaded into the sample chamber of the DAC. Cu was used
to enhance cooling efficiency.

Finally, | performed melting experiments of the lower mantle materials using the doubl¢éa€€s heated diamond anvil cell
and Ar as the pressure medium. | used forsterite81@,) and mixtures of MgO and MgSiDas the starting material. After
the complete pressure release, the sample was recovered from the DAC and examined by FE-SEM. From the surface texture
recovered samples, | discussed melting temperatures of the lower mantle materials unéef hagimditions.

The double CQ@laser heating and loading Ar methods developed in this study could powerful tool for determination of melting
temperatures of the lower mantle materials.
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Ultra high pressure generation using the double-stage diamond anvil cell
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FEPITERIAIC & 5 T 1 TPaffilEld 5 & KBt TH %5, XA VEY F7 2V E)LE)b (LT DAC) IC & % FRI TSR
& L TOREESX 400 GPafLfE (Akahama and Kawamura, 201@ & - 7z, Z4uUcxf L. Dubrovinsky et al. (2012)°
DAC 7z v iz 2 BRxUmEA RIS & D 640 GPaz 34 L7z Ly L. #FNIERRIC K % 1 TPaDREAIZHIEL 5 5 HERE L
THRHATE R, LALZOWETIE, 1EEEIGEFEOXAYEY R7 )b, 2BREICIRED D EEAH U FERIRD S
JZRER A AV 2N ERTCEDMEREINTE D, A 7a 7 EIVORIKHIEDNREE, 7 > EIVOAHENT NP7
W, ARIERE D NI KO HEED 52170 T e LV E VS TERERD D %,

AL TR, THRAA 2 E—L (FIB) MIRIC KB~ 1717 Y EVDIERZEIT> 72, TOFRRIZ. 7 2 EILDIE
IKHENTE S, U7 I 70 EETOMATTARE, RS FIRFICIERTRE. FMICK ST TARREL W o T2 (T
L DINTA—2ZHE LD S FHEER S EBZHDIRT I ENTES, HLIFZTOFIEICK D BIfERE T 340 GPa
L TOREICHINLTED . ZTOFMIC DOV THRET 5,
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Keywords: nano-polycrystalline diamond (NPD), microanvil
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Ab initio molecular dynamics study on a phase separation in liquid Fe-O
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The Earth’s outer core is mainly composed of liquid Fe-Ni alloy. The density of the outer core is, however, “10% smaller
than this alloy. The density deficit indicates that substantial amount of light elements are present in the outer core [Birch,
1964]. Recent seismological observations proposed that seismic wave velocity is “3% slower than PREM below a few hundre
kilometers of the CMB [Helffrich and Kaneshima, 2010]. The low-velocity anomaly is considered to be cause by stratification.
However, mechanisms of the stratification have not been clarified yet. One possible cause is phase separation into Fe-rich a
light element-rich liquid. Oxygen is one of the most important light elements, because an iron-oxygen phase separation wa
observed experimentally at low-pressure condition [Tsuno et al., 2007]. This immiscible behavior is, however, still unclear at the
outer core pressure.

In this study, we calculated liquid Fe-O alloy at the outer core condition by meaatsioftio molecular dynamics simulations.

First, we analyzed local structures of liquid Fe-O alloy to detect signs of phase separation. Second, we evaluated its exce:
enthalpy. Both indicate that the liquid was well-mixed. Finally, we computed P-wave velocity in liquid Fe-O alloy. P-wave
velocity was found to increase with increasing the oxygen concentration. All these results suggest that the simple enrichmer
process is less suitable to explain the low-velocity anomaly.

Keywords: ab initio molecular dynamics simulation, phase separation, liquid Fe-O alloy

1/1



Japan Geoscience Union Meeting 2014 /0 d ,,

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]ggg‘sgime

Union

SIT39-P09 23 R AR —2 R¢fil:5 A 2 H 14:00-15:15

B X FRF O L [ HR~<IVF 7 > EILEEZ Wz 30 GPaE Th 7 1 Ly
& L HRDFHES R D fFERH

In situ X-ray observations of phase transitions in MgCr204 to 30 GPa using Kawai-type
multianvil apparatus

BAS A 5 RS S L R TR
KUNIMOTO, Takehird* ; IRIFUNE, Tetsud ; FUJINO, Kiyoshi

LR
L'Ehime University

Phase relations in Mg@®, (magnesiochromite) have been studied up to 30 GPa and*C6@Bing a large volume Kawai-
type multianvil apparatus and in situ X-ray diffraction measurements system installed at SPring-8/BLO4BLOMsgginel
dissociates into MgCr,O5 (orthorhombic type) + GIO; (eskolate) at 9 GPa and 1200, and then reunion to higher pressure
phase (CaThiO, type) at 22 GPa and 1200. Moreover, another high-pressure phase was observed abovgd;éjffbe structure
phase, and this phase was unquenchable to ambient condition. In addition, pressure-induced phase transitig@ingCr
confirmed without decomposition under cold compression process. In this cause, Magnesiochromite is directly transformed t
high-pressure phase through the mixture of spinel and high-pressure phase. In this stud@,Qgpe ands-phase, which
reported in earlier studies in Mg/AD, were not observed. The Birch-Murnaghan equation of state was used for least-squares
fitting of the volume data (assumingK =4). Thus, determined zero-pressure bulk moduly3 fthe CaT;O,4 type MgCrO,4
was 195 GPa.

In this presentation, we will discuss further details of high-pressure phase relation and physical properties of high-pressur
phases in MgGIO, series.

Keywords: Magnesiochromite, in situ X-ray diffraction measurement, Kawai-type multianvil apparatus, phase transition

1/1



Japan Geoscience Union Meeting 2014 /0 d ,,

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]ggg‘sgime

Union

SIT39-P10 23 R AR —2 R¢fil:5 A 2 H 14:00-15:15

BRI RIS L— D — B 16 & 17z Fe-Nit <D Ei N
Sound velocities of laser-shocked Fe-Ni alloys under Earth core conditions
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When we consider the structure of Earth’s interior, the sound velocity is one of the important physical properties of the interior
materials because it can be directly compared with the seismological data (1) which can yield the physical properties of the
Earth’s interior. Cosmochemical data and the composition of iron meteorites suggest that Earth’s core contains mainly Fe-N
alloy with 5-25 wt.% Ni. Although Lin et al. (2) and Kantor et al. (3) measured compressional sound velocities of Fe-Ni alloys at
room temperature by inelastic x-ray scattering (IXS) at diamond anvil cell (DAC), the sound velocity data of liquid Fe-Ni alloys
is very few (4).

We performed laser-shock experiments of liquid Fe-Ni alloys at HIPER system of Gekko-XII laser in Institute of Laser Engi-
neering, Osaka University (5). Sound velocities were measured by side-on radiography (6, 7). We obtained sound velocities ¢
Fe-Ni alloys at pressures up to 770 GPa. The sound velocity of Fe-Ni alloy was about 10% lower than that of liquid Fe at inner
core boundary (ICB) pressure.

Part of this work was performed under the joint research project of the Institute of Laser Engineering, Osaka University.
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