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The gabbro units constituting a lower part of fast-spread oceanic crust are divided into layered gabbro, foliated gabbro and ug
per gabbro in ascending order. Layered gabbro is generally characterized by modal layering but foliated gabbro lack conspicuot
modal layering and is accompanied by a strong mineral preferred orientation. The upper gabbros show massive appearance fi
from layering, foliation and preferred orientation of minerals. The upper gabbro units are considered to be solidified products of
thin melt lens which is root of sheeted dyke complex beneath fast-spread ocean ridges. On the other hand, genesis of the foliat
gabbro units is controversial. Nicolas et al. (2009) considered that they are formed due to subsidence from the melt lens, whil
MacLeod and Yaouancq (2000) proposed that they are produced during buoyant up flow from underlying crystal mush where
layered gabbros were formed. However, the definition between foliated gabbro and layered gabbro are not clear. Therefore, t
guantitative analysis in respect to structural features of the various gabbro facies is required to understand for the genesis |
foliated gabbro.

We have studied gabbroic unit from layered gabbro to massive gabbro, of the Hilti block in the northern Oman ophiolite in
term of structural and petrological aspects. Configuration and preferred orientation of plagioclase on X-Y plane and X-Z plane
of samples are analyzed. Mineral compositions are also analyzed. It is noted that some foliated gabbros lack a lineation. Fu
thermore, the degree of intensity of foliation which is defined by alignment and aspect ratio of plagioclase is varied due to the
stratigraphic position; the foliation of foliated gabbro is strongly developed just above the layered gabbro. While, the foliation
just beneath the massive gabbro is week. Plagioclase compositions tend to evolve upward in the foliated gabbro unit. These lin
of evidence suggest that the buoyant up flow model is appropriate for the genesis of the foliated gabbro. The zoning patterns ¢
plagioclases are different in the foliated gabbro (normal zoning) and layered gabbro (reverse zoning). This may be interpreted b
the difference in cooling rates between the foliated and layered gabbros.
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Based on geochemistry, the volcanic sections of the Western and the Eastern Mirdita Ophiolite (Albania) are characterized b
mid-ocean ridge basalt-like and arc-like signatures, respectively. The peridotite bodies in the Western Miridta Ophiolite (WMO)
has never been well characterized yet. Gomsige and Puke massifs in the WMO are examined in this study. The Puke massif mair
consists of plagioclase- and amphibole-bearing lithologies, whereas only a few plagioclase-bearing peridotites were found in th
Gomsige massif. Peridotites in the Gomsige massif and the Puke massif show different structure and petrological characteristic
The Gomsige massif consists of less or moderate deformed spinel lherzolite with small amounts of dunite, pyroxenite anc
gabbro, whereas the Puke massif consists of highly deformed plagioclase- and amphibole- bearing peridotite, troctolite, an
gabbro. Major and trace element compositions of minerals in Iherzolite of the Gomseque massif indicate residue of low-degre:
of partial melting and are similar to those of ocean floor peridotites directly recovered from mid-ocean ridges. Based on spine
compositions, dunites in the Gomsige massif are classified into two types: low-Cr#[=Cr/(Cr+Al) atomic ratio] spinel (0.2-0.4)-
bearing dunite, and high-Cr# spinel (0.6-0.7)-bearing dunite. The former was related to mid-ocean ridge basalts whereas the latt
was of arc-related magmas. Based on lithology and mineral chemistry, plagioclase- and amphibole- bearing peridotites in th
Puke massif was formed by infiltration of MORB-like melts followed by and H20 and SiO2-rich fluids/melts, probably derived
from subduction zone, respectively. Plagioclase peridotite may have been formed by melt impregnation because plagioclas
and clinopyroxene occur as veins in plagioclase- bearing peridotite. In spite of constant Cr# of spinel, TiO2 content in spinel
in plagioclase- rich peridotite is higher than that of plagioclase- poor peridotite. On the other hand, low Nb, Zr amphibole in
amphibole- bearing peridotite resembles to that in metasomatized peridotite from subduction zone. In conclusion, the Gomsiq
and the Puke massif might experience a sequence of events during their evolution in response to the change in tectonic setti
from oceanic lithosphere formed at mid-ocean ridges to the subduction.
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Crystallographic preferred orientation (CPO) of antigorite is the cause for seismic anisotropy observed in subduction zones
Antigorite CPO is a key to understanding deformation in subduction zone. Phyllosilicates, including antigorite, are mechanically
weak minerals compared with olivine or quartz. Antigorite CPO has been measured by several methods, U-stage, EBSD an
synchrotron X-rays.

We measured antigorite CPO of foliated antigorite serpentinites from Toba, Saganoseki and Nagasaki areas in Southwest Jap:
A serpentinite sample from Toba contains olivine and shows mylonitic textures. Microstructures around olivine porphyroclasts
indicate that antigorite grew synchronous with the shear deformation. Serpentinite mylonite from Saganoseki is serpentinize
completely. Chemical composition maps of serpentinite from Saganoseki show that the Fe-content of antigorite is inhomoge
neous and Fe-rich antigorite crystallized along grain-boundaries and in fractures of Fe-poor antigorite. Serpentinite schist fron
the Nagasaki area develops a weak foliation and lineation, defined by arrays of bastite (altered phases of pyroxenes).

In the case of U-stage (optic microscope), we could measure relatively coarse-grained antigorite with needle shape. The CP
pattern of antigorite from Saganoseki and Toba is that [010] of antigorite is parallel to the lineation, [001] of antigorite is normal
to the foliation, [100] of antigorite is normal to the lineation on the foliation. EBSD measurements from Saganoseki and Toba
gave the same antigorite CPO patterns as the U-stage measurements. Compared with olivine, Kikuchi patterns of antigorite a
weaker. We could not get the fabric pattern from fine-grained aggregates by U-stage or EBSD. Synchrotron X-ray measuremen
performed at the high-energy beamline ID-11-C of APS, Argonne National Laboratory on serpentinites from Saganoseki anc
Nagasaki also provided the same fabric patterns, averaging also over fine-grained crystallites.

Three measurement methods fundamentally give the same antigorite CPO pattern. However, the strength of the fabric pa
terns decreases in following order: U-stageBSD>X-rays. This is due to the selection of well-crystallized antigorite by the
former two methods. Calculated elastic velocity anisotropy from X-rays results are lower (anisotropy of P-wave (AVp); 11-15%,
anisotropy of S-wave (AVs); 10-15%) than from EBSD results (AVp; 12-19%, AVs; 18-21%). EBSD measurement and U-stage
thus over-estimate elastic velocity anisotropy, since both methods only measure relatively coarse-grained and well crystalize
antigorite.
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Peridotite xenoliths are found in basaltic to andesitic lavas from the Shiribeshi Seamount in the Sea of Japan, a Miocen
back-arc basin of the Western Pacific Region. These peridotites are divided into two-pyroxene peridotites, dunite and wehrlite
Two-pyroxene peridotites have retained their original mantle geochemical signatures, although partly suffered from chemica
modifications from the host magma. The dunites and wehrlite were, on the other hand, formed from the two-pyroxene peridotite
by extensive interaction with magma active before the host one. Clinopyroxenes in the two-pyroxene peridotites display vari-
ous REE patterns. Some peridotites are similar in LREE-fractionated (LREE-depleted) character of clinopyroxene to abysse
peridotites directly recovered from mid-ocean ridges and back-arc basins, which are usually interpreted as simple residue aft
partial melting. Other samples with LREE-enriched patterns of clinopyroxenes are residues after flux melting due to infiltration
of slab-derived fluids. Orthopyroxene veins cutting olivine in the two-pyroxene peridotites were a product of reaction with aque-
ous fluid released from subducted slab. The geochemical variations of the peridotite xenoliths from the Sea of Japan (the Seil
Seamount, the Oshima-?shima Island and the studied samples) are likely to be related to evolution of the mantle beneath the S
of Japan from hydrous to near-dry with a progress of the back-arc rifting. The mantle evolution beneath the Sea of Japan inferre
from the peridotite xenoliths is well consistent with the geochemical and isotopic results from the Miocene basaltic rocks formed
during opening of the Sea of Japan. Our mantle process model beneath the Sea of Japan also reconciles with recent models
the melting regime and evolution of the mantle beneath global back-arc basins, and gives constraints on formation and evolutio
of the back-arc basins.
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Hydration of ultramafic rocks (serpentinization) commonly proceeds in seafloor hydrothermal systems at mid-ocean ridge:
along the bending faults, and at the boundary of wedge mantle and subducting plate. The extent and distribution of hydrate
mantle plays an important role on the global circulation of H20O. Silica activity and pH conditions are key factors in controlling
reaction paths and the rate of serpentinization. (Frost and Beard, 2007; Lafay et al., 2012) In this study, we conduced hydrotherm
experiments to investigate the reaction mechanism of serpentinization at oceanic seafloor at which circulating across crust at
mantle, especially focusing on the effects of solution pH and silica.

We conducted two types of batch-type hydrothermal experiments at 250, 300 and 350 degreeC at vapor-saturated pressure:
olivine (F091)-H20 system with varying initial solution pH from under conditions of 250degreeC, 300degreeC and 350degreeC,
and (2) olivine-quartz-H20 system as the analogue of boundary between mantle and crustal rocks. In the latter experiments, w
used the tube-in-tube vessel with inner alumina tube containing the powder of olivine/quartz/olivine and quartz were set in tube
in-tube vessels under conditions of 250degreeC, 350degreeC and vapor-saturated pressure to examine the temporal evolut
of solution chemistry and products in runs of up to 1180h in duration. The extent of the serpentinization was measured by
thermogravimetry, and occurrences of the products was observed by using SEM with EDS.

The products of the OI-H20 experiments after 1812 h are serpentine + brucite. The morphology and extent of serpentinizatiot
are nearly constant at pH 11; serpentine crystals show cone-in-cone and the extent of the serpentinization were “40 % at 300
?C. In contrast, at pk 11, serpentine crystals become fibrous crystals (chrysotile), and the reaction rate increased significantly
(" 90 % of olivine was serpentinized at pH =13.5 under conditions of 250degreeC and 300degreeC). Fibrous crysatile veins ar
commonly observed in serpentinized peridotites which contained mainly mesh-textures of lizardite; therefore, our results may
indicate such fibrous crysotile veins is a trace of the high-alkaline solutions. In the experiment at 250 and 300 ?C, the solutior
pH increased with time, implying acceleration of serpentinization reactions.

In the olivine-quartz-H20 experiments, talc was formed as well as serpentine. At the Qtz/Ol boundary, only talc (Mg/Si =
"0.8) was formed, whereas talc-serpentine mixture (Mg/Si=1.0-1.2). The total amount of H2O in the products increased with
time toward TG loss of ~ 5 wt%, and then slightly decreased. Especially, the amount of serpentine increased then decrease
whereas the amount of talc increased monotonicly, indicating two step of reactions; initial formation of serpentine minerals
followed by talc formation at the boundary between mantle and crustal rocks.

Reference

Klein, F., Bach, W., Jons, et al (2009). Geochimica et Cosmochimica Acta, 73(22), 686876893.
Frost, B. R., & Beard, J. S. (2007). JOURNALOF PETROLOGY 48(7), 1351?71368.

Lafay, R. et al.,(2012). Journal of Crystal Growth, 347(1), 62?72.
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Fragments of deep oceanic lithosphere from the Yukawa knoll in NW Pacific
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Chemical and physical structures of oceanic lithosphere have been generally inferred based on comparative examinations t
ing the seismic profiles, dredged or drilled samples of young rocks at mid-oceanic ridges and exposed sections of ophiolites
However, direct observations of the constituent materials are limited to the shallowest part (up to 20 km depth) and, therefore
a large part of old oceanic lithosphere, especially of its deeper part, is petrologically still unknown. It is known that the NW
Pacific plate is accompanied with young monogenetic volcanoes originating at depths just below the bottom of the lithosphere
Lithospheric fragments entrapped by the alkaline magmas are able to shed light on the whole structure across the plate. In tt
study, we examined dredged samples (D07&8 during Kairei KR04-08 Cruise) from the youngest volcano (0-1 Ma), Yukawa
knoll, at the eastern slope of the outer rise in the NW Pacific plate. They include mm-scale xenocrysts and xenoliths of crusta
and mantle origins. Here we report the petrological nature of these valuable pieces that test models of oceanic plate.

We found hundreds of xenocrysts: olivine, Cpx, OpX, plagioclase and xenoliths (consisting of more than 2 grains) of spinel-
bearing lherzolite, harzburgite, pyroxenite, troctolite, olivine-bearing anorthosite, gabbronorite and non-alkaline basalt with
medium- and fine-grained plagioclase. Mineral chemistry of the crustal fragments is plotted in the range of seafloor sample:
and ophiolites. However, mafic minerals forming xenocrysts and those in spinel-bearing lherzolite have distinctive compositions
Olivine, Opx and Cpx imply a Fe-rich nature of lithospheric mantle compared to residual peridotite in ophiolite. Cr# of spinel in
the Iherzolite is 0.16. Cpx has an extremely high Na20 content up to 2.3 wt% whereas the Al203 content (3-7 wt%) is compara:
ble to the oceanic samples. The Cpx is enriched in REE (C1 normalized value of Sm = 10) but relatively low in HREE implying
it has coexisted with garnet.

Geothermobarometry for the pyroxenes with the garnet signatures gives results consistent with their origins at pressures
1.5-2.3 GPa (45-70km depth) and temperatures of 750-1000 oC. These conditions lie on a conductive geotherm with heat flow ¢
60-80 mWm and are expected for the 130 Myr old Pacific plate. The REE patterns of the pyroxenes in the spinel Iherzolite from
the Yukawa knoll are very similar to those in cratonic garnet peridotite. Na20 in the Cpx and the spinel Cr# are close to Na-rich
source mantle, partial melting of which can explain a large part of residual abyssal peridotite. Our finding of the Na-rich pieces
from the NW Pacific implies that deeper parts of the oceanic mantle are occupied by such fertile peridotite that is comparable t
sub-cratonic mantle.

Keywords: oceanic lithosphere, xenolith, mantle

1/1



Japan Geoscience Union Meeting 2013 0 ® ,’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg‘sgime

Union

SIT05-P12 go:booboboobo 00:50 210 18:15-19:30

Review of petrological studies on olivine-bearing gabbro and troctolite: Implications for
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Review of petrological studies on olivine-bearing gabbro and troctolite: Implications for
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Recent study on the oceanic lower crust implies that the hybridization of peridotite and basaltic melt is one possibility for the
origin of the lower crust, especially for the olivine-bearing lithologies. Their texture, mineral and bulk rock chemistry suggest
that some of the olivine-bearing gabbroes are not simple cumulate from basaltic melt, but they require ultrabasic melt that i
rich in Mg and Cr. Lithostratigraphy of the olivine-bearing gabbroes also show that those rocks are related to the more mafic
sometimes ultramafic rocks. This new model must the important constraint of the formation of the oceanic lower crust. In this
presentation, recent studies of the olivine-bearing gabbroic lithologies in ophiolites and ocean floor samples will be reviewed.
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Oxygen fugacity of basaltic magma from petit spot: a preliminary result from Fe-K edge

XANES study

0000 ™ 0002,000003%0000¢4
Hidemi Ishibashi*, Hiroyuki Kagi?, Natsue Abé&, Naoto Hirand

l00o00000O000o00,?000000000000000000000,300000000000000000
000,4000000000000000

IFaculty of Science, Shizuoka UniversitGraduate School of Science, The University of Tol3IEREE, JAMSTEC!Center
for Northeast Asian Studies, Tohoku University

Petit-spot is a newly-discovered site of intraplate magmatism (e.g., Hirano et al., 2006); a swarm of small knolls is formed
by ascent of magmas along brittle fractures that develop where plate flexes due to subduction and/or loading by seamount
A geochemical study suggested that alkaline basaltic lavas from petit-spot volcanoes on the northwestern Pacific Plate wel
generated by partial melting of asthenosphere (Machida et al., 2009). In addition, basaltic glass matrix and peridotite xenolith:
found in the lava indicate that the magma rapidly ascended through lithosphere and was quenched right after eruption. Therefor
the lava can be expected to retain information about physicochemical conditions of asthenosphere beneath the old oceanic pla
Oxygen fugacity (fQ) is an important parameter because it influences on chemical and mechanical properties of minerals and
melt. MORB glasses from all over the world revealed almost constanté@dition near the quartz-magnetite-fayalite (QMF)
buffer, indicating that the f@of MORB source mantle is near the QMF buffer condition (Cottrell et al., 2011). However, it is
unobvious whether asthenospheric mantle far from the mid ocean ridge is also under simitanffition or not. Petit-spot
magma may provide a chance to examine it; the present study aims to quanti®f Basaltic magma from petit-spot and to
examine its source mantle condition.

Valence state of Fe in silicate glass is a sensitive indicator of magmaticd@dition. Recent advance in Fe-K edge micro-
XANES (X-ray Absorption Near Edge Structure) study enables us to determine valence state of Fe in silicate glass with severe
microns order of spatial resolution. In this study, Fe-K edge XANES spectra were acquired for quenched basaltic glasses usin
the micro-XANES analyzing system at Beam Line 4A in Photon Factory, KEK. The obtained spectra were analyzed using the
method of Cottrell et al. (2009) to determine mole ratios of ferric to total irofrf FFes,,,;. OXygen fugacity of the basaltic melt
was calculated from its F&/Fe,;,; ratio and major element compositions using the method of Kress and Carmichael (1991).
Basaltic standard glasses synthesized at controllectcé@ditions were also measured; the results confirm the reliability of our
analyses within ca. 0.4 log unit in O

Six basaltic samples dredged from youngest petit-spot volcanoes (site B of Hirano et al., 2006) were analyzed. They wer
erupted at 0.05-1Ma, include several tens vol. % of bubbles and small amount of olivine crystals within fresh basaltic glass
We measured more than three points in glass for each samples. The spectra obtained from the six glasses are very similar e
other, indicating that valence states of Fe in glasses are homogeneous in the six sarfiplEs, g ratios calculated from the
obtained spectra were ca. 0.3, which is significantly higher than the mean ratio for MORB glasses (ca. 0.17; Cottrell et al., 2011)
fO, estimated from the Pe/Fe..,,; ratio is ca. 2 log unit higher than the QMF buffer; the,f@lue is comparable to that of
arc magma and significantly higher than those of MORB and hot spot magmas. Our result suggests that the source mantle regi
of petit-spot magma beneath old oceanic plate was more oxidized than MORB mantle even allowing for the effects of olivine
crystallization and volatile degassing. We will discuss why the source mantle of petit-spot magma is oxidized.

00o00D:00000000,000000,000,XANES,000,0000
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c melt in the ultramafic complex from the Salahi
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An ultramafic complex in a scale of 8 km x 5.5 km is distributed in the southwestern part of the Salahi mantle section in
the northern Oman ophiolite. Based on the study by Nomoto and Takazawa (2013) the complex consists mainly of massiv
dunite associated with minor amounts of harzburgite, pyroxenites and wehrlite. The spinels in the dunites from the complex
have Cr# (=Cr/(Cr+Al) atomic ratio) greater than 0.7 indicating highly refractory signature. The range of spinel Cr# is similar
to those of spinels in boninites reported worldwide (Umino, 1986; van der Laan et al., 1992; Sobolev and Danyushevsky, 1994
Ishikawa et al., 2002). The complex might be a section of dunite channel that formed by flux melting of harzburgites as a
result of infiltration of a voluminous fluid from the basal thrust. We determined the abundances of rare earth elements (REE
in the peridotite clinopyroxenes (cpxs) by LA-ICP-MS to estimate the compositions of the melts in equilibrium with these
clinopyroxenes.

The chondrite-normalized patterns for clinopyroxenes in the dunites are characterized by enrichments in light REE (LREE)
relative to those of the harzburgite clinopyroxenes. The chondrite-normalized REE patterns for the calculated melts in equilibriun
with clinopyroxenes in the dunites do not resemble to the pattern of N-MORB (Sun and McDonought, 1989) but fit very well to
the patterns of the boninites (Cameron et al., 1983; Cameron, 1985; Taylor et al., 1994; Ishikawa et al., 2005). In the diagran
of clinopyroxene REE contents versus spinel Cr#, with increasing the spinel Cr# from harzburgite to dunite, the Yb content
of clinopyroxenes decreases whereas the Ce content increases. Chondrite-normalized REE patterns of clinopyroxenes in duni
indicate that the dunites are not a residue of closed system melting but a product of open system melting with addition of a LREE
enriched fluid. Our results supports a hypothesis that the dunites formed as residue after flux melting of harzburgite accompanie
with LREE-enriched fluid infiltrated from the base of the ophiolite.

Keywords: boninite, dunite, flux melting, REE, open system melting, fluid
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eochemical heterogeneity of Moho transition zone dunites-wehrlites from Wadi Thuqgbal
the northern Oman ophiolite
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The thick Moho transition zone (MTZ) exposed along Wadi Thugba, northern Oman ophiolite, comprises dunites, wehrlites
and gabbroic rocks (Negishi et al., 2013 Lithos). As well known, the Oman ophiolite is a slice of a sort of oceanic lithosphere
(cf. Nicolas, 1989). Gabbroic rocks occur either as blocks with layered structure enclosed by wehrlites or as sills or dikes cutting
wehrlites or dunites. A deformed dunite-troctolite-gabbro complex is exposed near the base of the Thugbah MTZ. Discordan
dunite is observed to cut the basal layered complex, giving rise to wehrlites only close to troctolite-gabbro layers. The discordan
dunite apparently grows upward to be a huge dunite-wehrlite body with sparse bands of clinopyroxenites and gabbros. Som
of the MTZ dunites and wehrlites contain sulfide (pentlandite-pyrrhotite) (up to 2 volume %). The sulfide-bearing dunite shows
high Fo contents (90-92) but low NiO contents (0.1 to 0.4 wt% depending on the amount of sulfide).

Clinopyroxenes in dunites and wehrlites with or without sulfides are characterized by variation in REE contents. They show
LREE-depleted chondrite-normalized patterns, and their condrite-normalize (Yb/La) ratio varies from 2 to 15 even in samples
from the same outcrop. The steepest slope of REE patterns is similar to that for ultra-depleted MORB melt (e.g., Sobolev an
Shimizu, 1993 Nature), and the gentlest one, to that for ordinary MORB (e.g., Johnson et al., 1990 JGR). These features indica
a strong geochemical heterogeneity in melts involved in formation of the Thugbah dunites and wehrlites. They may give us &
clue to our understanding of evolution of ordinary MORB from the ultra-depleted primary MORB melt.

o0o000:0000,00000,0000,0000000,00000,000000000000
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Small-scale heterogeneities in the Philippine Sea plate and the guided waves
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The oceanic lithosphere is an extremely efficient waveguide for high-frequency seismic wave. The guided wave, Po/So phase
propagate within the oceanic lithosphere and are commonly observed on ocean bottom seismometer records in the distance rat
of from 5 to 30 degrees.

The Philippine Sea is one of the marginal seas of the Pacific Ocean and contains very complicated tectonic settings. It i
fundamentally divided into two regions bounded by the Kyushu-Palau Ridge. It is thought that these two regions were formed in
different episodes of back-arc spreading and that western part is older than eastern part (e.g. Seno and Maruyama, 1984). St
complicated tectonic settings are expected to affect the structure of the oceanic lithosphere and propagation of the guided wave

Seismological observations using Broad-Band Ocean Bottom Seismometers (BBOBSs) was conducted in the Philippine Se
from 2005 to 2008. In the BBOBS data, high-quality Po and So waveforms from earthquakes in subducting Philippine Sea plate
were recorded. Prominent features of Po and So phases are summarized as follows. (1) The frequency content of Po and So wa
is up to 20 Hz, which is much higher than that of direct P and S waves. The frequency content of So waves is slightly higher thar
that of Po waves. (2) The travel time interval between the direct P and Po phases varies with the event depth (and the epicentt
distance). (3) The Po and So phases gradually build up and decay with extremely long durations (1-2 mins). The durations of th
Po phase are longer than that of the So phase, and extend into the onset of the So phase. These features indicate that the Po
So phases propagate as guided waves in the oceanic lithosphere with intense scattering, whereas the P and S waves travel dire
from the sources. (4) The Po/So phase propagate much effectively in western part than eastern part of the Philippine Sea.

In order to investigate the nature of the structure of the oceanic lithosphere and the guided waves, we performed numerical FDI
simulations of two-dimensional (2-D) seismic wave propagation in a realistic oceanic lithosphere model. Applying the method
described by Furumura and Kennett [2005; 2008], we conducted parallel FDM modeling of high-frequency (fmax=5 Hz) seismic
wave propagation in heterogeneous structure in order to explain observed feature of Po/So phases. We will demonstrate th
the low-frequency direct P and S waves propagate in the asthenosphere and that the following large-amplitude, high-frequenc
and long-duration Po and So waves are developed by multiple forward scattering of P and S waves due to laterally elongate
heterogeneities in both the subducting and horizontal parts of the oceanic lithosphere.
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