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Impact history revealed by the cratering records of the Moon and planets

FEH B
MOROTA, Tomokatst*

YRR
INagoya Univ.
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RUNERICHEND. — /T TRBRIIATE, SH/NEEX D LHREMYMEZZ < U RIKOMIED D > e rfaENEN D
5. PIZE, BRPEEREHZHHTSET NV E L CIFREINTVEZ—AETNVED L, ERREDABE)IC
Ko THREMYH 2 2 < G REBRIVEAI R AR/ NREF OIMINALE U T e RIAZ IBRHEIC & 72 5 I FMDAE 2
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AFRLTIIHZTLE T BIERREELED 7 L— 2T & 2N 5B NS KEGRYIO/NRAOHUEE LR
RREMEZELICEI T BB B g 5 L L i, HARDHARIEE [ <) TRONTERIC DOV THNT 2.
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Solar system science by the Subaru Hyper Suprime-Cam survey
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20144F 3 A & D Hyper Suprime-Cam (HSQY X 2 ¥#IgH: 701 7' LR E O . # 1500°F /54 &9 JAWFEI D P —
NAWTONDS, TIEBD XS IR KBRS 2 > T LT O Y — XA E DD T T, r=22-270 Kak/ KK
MEHRHENS LTINS, S TOILRET— AT 2NN WKEE THREATRETH D . KR/
FIKTN—=T DA XD T 24V NI REFET % 2D DORBUIFOBETH %,

CNETRGRNFAEDT 242V FIY ROV A X0 MEHRD ZBH0E, [T < 9% Bmic &SN TV % Suprime-
CamTITbNTERD, Y —XAEHIE 10 FHERE LI, &2 82 L ORERZMH U TY A X0 HOUER &%
FDZRENRDH > Tzo HSCH—XA TR 2 WY A VT EBZ FADZD T, AA2~N)L bOKE (N (SHE/ SR
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T, Lo Ty HSCH =AU K D BIIIIC X A )V E UKDV « 02BN 5 T Lid, REFEK
W BE S KRB ERZ DO/ NRIKDOBEELDFE & &b T, HERNOYIEIEDORHZIH S MM T % 1D EE L
Thhb ks,

T 5IC, HSCH—RATIEA A NL FOIMIIDOAE S OV EERKBRRIMGKIAE (TNOS) 12DV T & T aiiEn
HAD B, FOVEEFRKICOWTIZ, L4 & L 5EDBENMTONT, TNOIZDOWTIE. cold/hotEFIRID Y 1 R Hz=n
EERMNTIEZTS C e RHBE LTV,

A T Suprime-CamiCiTh NIz Y — XA FERDIBNE R ZBH D, HSCH —A THRFE N5 KGR/ RIAIZEIC
DT3B,

F—T— R KFER/ IR, JEBEF Y —o | D, /DR, VRERIK, KGRI A
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RS E 23785V 71 R TR B HIER DK Dk :
Exploring the origin of Earth’s water by the Hayabusa-2 near-infrared spectrometer

B R = 1 ] S - 4 ] S = Ny N (= S i 1 5 B <G TN S P B I v B NV /N S
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VAR, 2 FHEBMAMIZET, 3 750 R, ALK, S RO RABERE, ¢ TR TR, T HARR 1 Bl FEREAE,
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NIRRT TIIRSE 2 ) I L 7aa/ob o est (NIRSI) 1%, /KEERESD/K T OFNRINARENS 3 p miw
DRPART MLzflZ ) E— oV TR TH S, FHAIENIRS3IZMH 5T, 2018-19FEDIARICTHIEK C H/Nak
£ 1999JU3DEHEIIZTT, ZFDORMDF/KIEV DA OREZHSMMCT 5 T EZFHH L TWA. i, M EEH
5 CHRUNSKE DOWNERIOKDIEAE R BT BEERMME SN TE D, HEROMWIEHERICE T % CRUNKEDE SRR D
MEX D ERELZBZREENH T E T2, WEIKDIFAEZRGE T B ITITKEZ M & T2 & & D/KOZH) 2 Pfifd % T
ENETH D, NIRS3 TIREZLEEMNMED i AT 7 L—Z—OHIN 5 A28 MU LIC X 5 ZRINEZER D
WERERNL, BREETREEKEEROEREZMET ST e EHIET. ARETIE CE/NREDRHOMGEE &
I, NIRS3THARGE NS HERICOVTIHENT 5.

F—U— R @ERRE 2, NKE, K, SEIRINV
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TIKIRFEE Y F oA FOJiKE X CTEKERE
Dehydratlon and rehydration of hydrous carbonaceous chondrites

FRAE R AR B IR hNER L A BRI ER Y, T AV A2, VarvAr 2,

SR E 3 L 53 ,/J B TS

NAKAMURA, Tomoki* ; MATSUOKA, Moe! ; YAMASITA, Sayuri' ; SATO, Yudal ; JOGO, Kaori ; AHN, Inst? ;
LEE, Jong-ik ; IMAE, Naoya® ; YAMAGUCHI, Akira? ; KOJIMA, Hideyasu

VAL R E R AR B AR, 2 o [ S Mt 22, 3 B2t
Tohoku University?Korean Polar Research Instituf@yational Institute of Polar Research

Asteroidal water in hydrous C-complex asteroids is one of the possible source of Earth’'s ocean. The hydrous C-comple)
asteroids consist of hydrous carbonaceous chondrites and therefore the water came to the earth as such hydrated meteorites.
chondrites are the most abundant group of carbonaceous chondrites, composed mainly of hydrous minerals such as serpent
(cronstedtite) and tochilinite. They show Quf and 3zm absorption bands in the reflectance spectra. Theu'band is a
spectral feature characteristic of CM chondrites, because itis common in CM chondrites and rare in other hydrated carbonaceo
chondrites (Cloutis et al. 2011). Recent investigation on spectral data of asteroids indicated-#f4t @0C-complex asteroids
shows 0.7zm band (Rivkin, 2012), suggesting that CM materials are also common at main belt asteroids.

Some CM chondrites have been heated to temperature sufficient for dehydration of hydrous minerals (e.g., Akai, 1990: Nakat
et al. 2008) and are classified to heating stage | to IV based on the degree of heating (Nakamura, 2005). On the other hand, no
few C-complex asteroids show reflectance spectra similar to dehydrated CM chondrites (Hiroi et al. 1993). In the present stud)
we performed analyses of reflectance spectra, X-ray diffraction, and water contents of hydrated and dehydrated CM chondrit
samples. In addition, heating experiments were conducted in order to observe changes of reflectance spectra, X-ray diffractio
and water content with increasing temperature. Murchison CM chondrite was heated for 50 hours at temperatures of 400, 60
and 900°C at IW oxygen buffer.

Heating experiments showed that tochilinite decomposes and serpentine partly becomes amorpho(s, ate#@éntine
completely decomposes and secondary olivine nucleates afC6Gihd olivine becomes well crystalline and metallic FeNi
generates at 900. The samples heated at 400, 600, and @d&produced the mineralogy of CM chondrites with heating stage
II, 11, and 1V, respectively. The 0.7:m band disappears by heating at 400 The 3u:m band strength decreases with increasing
temperature, but does not disappear even at'©@0@Water contents of unheated and experimentally heated Murchison samples
were determined by the Karl Fischer titration method with stepped heating: 10.0, 6.6, 1.2, and 0.6 wt% of water recovered from
unheated, 400, 600, and 980 samples, respectively. The result clearly indicates that the dehydration proceeds with increasing
temperature. On the other hand, in the stepped heating analysis, most of the water was released below 600 &nodh98@0
and 900°C heated samples, respectively. This indicates that water in the 600 arid 8amples (1.2, and 0.6wt%, respectively)
was acquired into samples by rehydration in the atmosphere after heating experiments. The rehydration water is tightly bounde
to samples, because the largest release of water was detected@tfdi@d both 600 and 900C heated samples. If we omit
rehydration water from the total water contents, then dehydration is completed in Murchison by heatin§Cafd&s@D hours
(heating stage III).

On the other hand, the results of reflectance spectra measurement of naturally heated CM chondrites reveals that even samg
of heating stage IV such as Dho735, B7904 and Y86720 sham Zbsorption band, which suggests rehydration. Water-content
analysis of Dho735 confirms the rehydration: most of water was released at 300760®ie water analysis concludes that
dehydrated CM chondrites are a strong water absorber. This suggests that dehydrated-CM materials on the surface of C-compl
asteroids would resorb the water released upon impacts of hydrous micrometeorites from other asteroids and comets.
Keywords: aqueous alteration, C-complex asteroids, reflectance spectra, water analysis
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IKDBEMHRN R T H B H% | iR SEMBRO TR EIC DV T _
tSlgnlflcance of incompleteness as an aqua planet: Earth’s climate with land-sea coexis
ence

LR KA L
YAMANAKA, Manabu D.*

VR AP A TR R R AR - Y TERIE S G TR e it e
LJAMSTEC-Cooperative Devision, DP-GSS, Kobe University

PR DBBEHERIE, ARNEROTEENIC & 2 IR O MIMAHERF & . KI5 5 OREECIRE 2R THEF S 1
TCRAH DK B2 D HEREHAAREIC H D . T ORI, HR MM ANET 72 BUZ R IR, AHD KD I e
EEAEMNICERZ > T3,

BB RIA TR, /KPR (Rossby EEIENE O (FE/H) E & O sl UARERIERE ORI D X
INTTEZ M, WEEFEZ BA T S N - RO K S Ichm S Iz S, B ICKE FORE. 265 (Eho#
I K % BKIAIAH S & O EHl A 1C K 2 BRREDENAD JAI, 25 TCIcEEs CRGH) JAITZIEd 500, N5 ik
DT F T AR TROVICHIRE NS B0, K& - HHERNCIETR & O )220 & K50 E OFANRERHIIC X %
MESERIDMAES B A0, B - g TR OB & KA ORI LTV 5, TSR - B - Hiji
&S R 3D =FH AR TH D BIZIERGUE (RURZLE) I KB IREMER, HFZEIIC X 2 iEREEH
BENMEG L THRIENTVSIETTH %,

MEPEH AR RHOIREI CAEMICEE TH %, T T TIEBEIAKT &7 2 7o DR FEBA L . HERER O H S
BOERIKEERICKBLEND DS TH D, FICHBETHRERDREOA » R 7RSS, RENER S, KEETE
1~2 7 AN CHbBRZ [ 09 % 7200 DBE/K & EDXT7 &, HERRE &K RE THE/KAME ED B NS E N2 7e DB
FEACHRENIG 2 (Db =—= 3/ ARE. 12 FHEXA R—IVE—F), > T, TOMERRERIE, HEKICWENSIZL
TR U 7o B RGBS 21T A 5 R E LT, MO THETH 2,

HEFEAROIINC IS AFHD SRR, XHIFEFELRBIE L B AR EMEP L. TODBIGRIET 20, H4
ICBRRANR RN TH - el ERIA STz, SURANEEIEOTNIIBISEMED TR T, 5%
FHADHIZRMICND > T, G201 2 R I 7 DAKIICS AT % RHIERBIID B E N DD H %,

F—T— R R, RREAR, S, BR - DRI, NH, A 2 RS T iERRE
Keywords: land-sea coexistence, coastline, climate, rotation and revolution, human beings, Indonesian maritime continent
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HIERZRES AN\ KiE &< > b VSR & OFHE{EH _
Water transport to the deep mantle and its effects on the mantle dynamics

HOGE s s I R 2 AR S
NAKAKUKI, Tomoeki'* ; NAKAGAWA, Takash? ; IWAMORI, Hikaru®

VIRESR « el - MBRaEKE 2 A7 L2, 2 e Ie i s ERnEBORRIEE - SinBn, 3 MarEnrIe i rERn BRI SR EIEER
!Dept. Earth and Planetary Systems Science, Hiroshima UMAT, JAMSTEC, 3Geochemical Evolution Research Program,
JAMSTEC

Bl RO~ Y bIVOFE) LKA Z A UTEWEET ) 71k b, AT THBKL TH BE 5 EROERICES %
TOMEZFEL B TE 2 X 51> 7z (lwamori, 1998) —/5, HillRKRET L— FAERICB N TE, AITEEINE
bNBT e, UVRTzT7HRELEF L, 77 M AT 27 DX S ICRBIBEN B EEEENR S iana e
5. RHARTAT TN DK E R 52 TOBAREEDNH 5 L FE A BbN%, EHIC, Iwamori and Nakamura (2012)
Tl&. [FENAREE OMST RN S 1 DOV (1IC2) IFHKITED RS L E A Tze DI EERI I K
BRSEDFET 2 T EAVRENT VD, XV MVEBICILARAATIKIG E TITHEERN, XY MVAAFI T RICED K
SR B R GZBDTHA M, TNLOEIAERZ IR 575, hAARFHRE TOKE L 7L — FDik
FIABFEEIREE LTz ¥ RIVHAOEUHE TV ZRER L, 2 al—ya v E{ToTz

B3 ETIVE LT, INETEESHHIEL TEARMNEAIAHRDE T IV (Nakakuki, et al. 20108 i L 7z,
COETIVIC, BRI OHK LKk 7z AL, EADRKE/KEIHKD SIRE Z KGR - #5FNOKIZT T
<L KRR OKE B LTz, KDY MIVIRICEZ 58 L LT, B/KICEK > TaaOEREPHMEMNME N 5%
ReERB, mREKRZBA 2 LAARBKUKL, ZOKIRBERICKD EHITERINS LEXENS, BiKkLIKE
WIS B8 < EE LTz

HAR D OWIZERHIE A A HTZE (Kawakatsu and Watada, 2000)& % &, irERD Sk L zKiE, A5 7 oM
BEICID AT NIERGS & LT, 150kmIEEDRE L THnEE N5, WL2DETIVTIE. TOEKEDLZEICEKR SN
B 1=0Iid. ThAHATUFEHTRO E/KEL 292 L E TR N RS ah o, iz, BEICOWVWTIE, TL— REfR
DOiWiE & FREENZN KD /NS BFNTER S G-z, TN 51 Horiuchi (2013)DFGEH I TH 5, T D
7% choke pointCTo i L 7214, /KIEEIRD< > FILAFIK L. &ilid nominally anhydrous minerals (NAM$J & O ZEE5~
A N5, TDE X, NAMs BEFD T & DHIBRZ7KIZHRAT 0.2 wt. %fEfE L HEE S Nizs T K D KREWVWEES (0.4 wt.
%) ITiE. EBANIEEN B KDL HDTETEMFON Y MUK TS T LIdHIREL Ko Tz, TERICHEIZN S
IKDORE., HHERICE ENEKORICK 5T, MHEEHTRICNT 5 EH R TR 1% TH > 7z,

Richards and lwamori (2010% 7K -72 A % 7 F > b AT THERE NIZBE. BKED LAY — « T4 T —RNLERERT
L. PNV —LEULTERTZEENEZR Uz, TSR UAETIE. ZOXS BALEOREIRONEh>Tz, —
Jiv M= Y FIVICIRARALB AT T&, FABY > FIVDRK BRI L THUKS %, R~ > LD FEIKI 17 410km
PIRD NAMs < > ML E D/NEWIGBFICRBUKZE S, CO%E, A5 7 EROE/KE 660kmAHE 7z 5iic K&
SHCESENEDN D T EMahotc, TG EANDBIK E ThAHAIED Bed FREZE DR T T2 TH S, Bkl
FoKIC Ko T AKICEIRT U 727V gAY 660kmAHEI B LICIEE Nz, TOEIZIRS . REELRD, BKTIV—LE
LTCERULE® S, —/h. P~y MUSEIENZKOEIE, BKENLNS T Ik > T, Ef~ > ML NAMs &
FER= > MIVORRKEIRILD 5 5FEIC R %, £loe AT TH<U 7 Fild X 5 Il < BRI i, 660 kmAHETS
ICT AT 7 DGR (D M) ISR A B REMD S 5 T & 2R LTz,

FE Y B IVICTRFRAATEKIZ AT T L L &1k, « <> BIUVEESL (CMB) IC¥8 R 97 %, < MU FERICIE EEN R~
Y MVKOBEEDNEOYIEDNER L TWT, T UDHIEER O KBRS (LLSVPs)., 3 7&bH X —/—T)L—L
DFEREZES>TVBELEZLSNTNS, IRHRAATZAT TIEEBEDN GO EZ LA TIZGITh BiEH LT LE S, D
F D, LLSVPs &Kk & x5 C L 2B KT %, OIBY—AX& LT, CMB FLOEREENEZ NS ENE
V., LA L. lwamori and Nakamura (20123 & % & OIB 197% IC1 L BUKITZED IC2 IZHHBAI Tl AR u e VT RS DR
MELWETE, FRLOFRIZ OIB V—AM LLSVPsD X 5 7% CMB _EDO—if% HH B/ 84 )L TR AWV LRL T
%

T KK, TLAGAR, < L, KR R
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SURVHRY 2 2 Lb—a v Ko TTHHIE NS KEE A A&ICDOWT.
On the degassing of water vapor inferred from mantle convection simulations

SAlID il
NAKAGAWA, Takashi'*

U YBTERT IS B FE MR 2 - el b i 7e o0 B
! Department of Mathematical Science and Advanced Technology, JAMSTEC

The degassing process of volcanic activity would be influenced to the formation of surface environment of Earth, which has
been argued from simplified and theoretical model of co-evolution of planetary interior and surface [e.g. McGovern and Schubert
1989; Tajika and Matsui, 1992]. Those models, however, used the parameterized convection model for heat transfer and volati
circulation as well as degassing process. Recent progress of numerical modeling of mantle dynamics can trace the magma
activity and water circulation over the geologic time-scale [e.g. Nakagawa et al., submitted]. However, such an investigation wa:
not included for effects of melt-phase system such as expressed by the density structure of silicate melt. This effect would b
essential for reconciling the thermo-chemical state of early Earth’ interior [Labrosse et al., 2007; Lee et al., 2010]. In this study,
we attempt to construct global-scale water circulation model in thermo-chemical mantle convection simulations including melt-
phase system and degassing-regassing processes over the geologic time-scale. The melt-phase system is based on the de
structure of molten silicate found from Stixrude et al. [2009]. Preliminary results found from this study are suggested that
huge volcanic activity would be expected in early Earth when the density crossover between solid silicate and molten silicate i
assumed in the deep mantle, which the molten silicate is much denser than solid silicate. This also suggests that the degassi
rate of water vapor in the early Earth would be more efficient with the denser molten silicate in the deep mantle compared to the
less dense case. More detailed results and discussion will be shown in the presentation.

F—U— R @B 6k, KIEBR, < > BOVRHGR, AsEh, i A
Keywords: Melt-phase system, Water circulation, Mantle convection, Magmatism, Degassing
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HIERODIK DL & HEAL © PIERIE B DT T O —- -
Origin and evolution of water in the Earth inferred from geological evidences

Frili BB 5 AR & 72 RRE B3 IR w4
KATAYAMA, Ikuo '* ; MATSUKAGE, Kyoko N2 ; KIMURA, Jun-ichi® ; KAWAMOTO, Tatsuhikd

VIR RAMERER R & A7 I2E, 2 MR AR R, 2 B TErTZe b FE R, ¢ Ui A R R 2

!Department of Earth and Planetary Systems Science, Hiroshima UnivéBépartment of Earth and Planetary Sciences,
Kobe University?Japan Agency for Marine-Earth Scienc and TechnoléBgpartment of Earth and Planetary Sciences, Kyoto
University

HiEkE WS BRIEXEZ BB S MHEFTREOUI 6NED, TOKEZEIHSE EDXSITHIGEN, Z L THIBRIC DA
VEDkE U TEHEL A TCDIRARTTEA S H? CORER, Eaodtd: - EEBEL, MEROMELZEIT % T
THEZHEDO—DEWVZ B, [HEROERN | 702 27 b TOARMIEPEORENS, HIBKICFIRE N TV SWE A 75EE
M7zt Lic, HBROKDEE & ELDEINCEDHT T & TH B, BRI, (1) HERO/KDIEEE, (2) HFEDIEHK
ETL—bT7 7 b= A0, (3) KEQEMKEKDDH], (4) KRETEINC K 2 HERNEOKZE, (5) HIBRNER
ANDKHE EHKDFRDOS T — IO T, ThbnFho7Tat XK EEREROHEFHOMR TH 2, i
ZE, HERIOKDMHEE NUEISEEDMERE NS T LICX > T, TL— FDRAAHDBIE L KEMERE N2 K51
B0l TNHHBREIIOFHLZ DN, BEERDTISZ A F02)LA VI ATNTO S FIATEY O R AT
N5, HEROKDIERZHE M T %, iz, REEDEM U TLAREOKDMEIE, KEGEEIC K O BRGNS XFIC
MHE NI <0< Y MV S O AR Z S &1, HBERNFRO/KENED X S ICEEB LIeh ZMGET %, TRFHA
Pt THUBRINEBAE E NS KISDWTUE, HHEY Y AT 27 O/KDOHEDARITIEH L, HIBRNEAN DR A & & Bl
IS & O I ENBIRHE DO ANT V ZADRZLZMGEEY 5, iz, KEPEEZ EMOMBRALESE S H DIk
DR AE L L, HEHIERDMIORE LI 875 2@ a2l > 7o 2RI L T &z,

F—T— R HUBRNERO KT, HIBERINERD7KZEE, HIER N AR\ D 7K ik
Keywords: water differentiation in the Earth, water evolution in the Earth, water transportation into the Earth
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HIBRNERAN DKL - T L — s DOFHRERRSE -
Water transportation into the earth’s interior - Oceanic plate and its evolution -

FRTL W 2 /N F— 1 g b U e SRS S SR R AR BB L A 2
FUJIE, Goud* ; KODAIRA, Shuichi' ; KAIHO, Yuka! ; SATO, Takeshi ; TAKAHASHI, Tsutomul
TAKAHASHI, Narum|1 YAMAMOTO, Yojiro ! ; YAMADA, Tomoaki?

VBT ER FERAE, 2 AU AR ST
1JAMSTEC,?ERI, Univ. of Tokyo

BRI B EICHEAE T /KD HIERNERICEII NS & HZ M LFEEI~ > bV EEfARIERD X 1 F 2 7 xcg
ZRIZ B2 XS, HIERDHE(IE, HIBERERE D B HIERNEIAND/KENEZ R EIC LU TIFFES T &I TERNEA S,
E, REOKIGZED K S I U THIBRNEBNEIENTNEDTEA I ? m(mmF*&ﬂﬁﬁilj\]jﬁk{{5212k0)7k6i{i1§f%ttb‘
ZDizd, KIET Y MIVHHRIC X 2WEMERO—]RE LT, E/KEYOIE THIBREAN L EIEN S T &ick 3, kb
B, BKIE UT2RE T L — b O FHAFDHIERNERAN DKL ZH > T %,

7 L— b OEKIIE, Ok, HIRIBREICH T 2 7 L— MERIEOHTROE /KM ERREDTHE LEALNT
Wizo UL, &iltlica> T KD 5 Y MVETHLS 7 U Z—F A4 AWiED &K 5 75 KBS R BRDIKDIR BRI
ELUTIEHIT 5 2 T < MVEKIE (ERCEAE) WRBIBIC A U TO 2 iREMEDMERI S N2 K51k > T&E e, IR
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Keywords: oceanic plate, outer rise, hydration, seismic survey, water transportation, Vp/Vs
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Origin of the oceanic lithosphere inferred from Po/So waves

AEEHIE T RROKRE 2 Ak 2288
SHITO, Azusd* ; SUETSUGU, Daisuké; FURUMURA, Takasti

VTR A HER B AR SRR, 2 WTERFZC B RS BRI X 1 7 X 7 A2 508Y, 3 BOUR A RS
nstitute for Geothermal Sciences, Kyoto Universiepartment of Deep Earth Structure and Dynamics Research, JAMSTEC,
3Earthquake Research Institute, The University of Tokyo

It has long been recognized that the oceanic P and S waves (Po and So waves) have signal with high frequency, large amplituc
and long duration and propagate for large distance up to 3000 km across the ocean. The Po/So waves are developed by multij
forward scattering of P and S waves due to small-scale heterogeneities in the oceanic lithosphere and scattering and capturing
P wave in seawater layer [e.g., Shito et al., 2013; Kennett and Furumura, 2013]. In order to study the origin of the small-scale
heterogeneities, the Po/So waves travelling in the Philippine Sea are analyzed.

The Philippine Sea is one of the marginal seas of the Pacific Ocean. It is fundamentally divided into two regions bounded by
the Kyushu-Palau Ridge, each is considered to be formed in different episodes of back-arc spreading and that western part (45-
Ma) is older than eastern part (15-30 Ma) [e.g., Seno and Maruyama, 1984]. The comparison of the Po/So waves propagation
the different ages of the oceanic lithosphere is expected to reveal the origin of the small-scale heterogeneities.

Seismological observations using BBOBSs was conducted in the Philippine Sea from 2005 to 2008 as a part of the Stagna
Slab Project [Fukao et al., 2009], and high-quality Po/So waves from earthquakes in subducting Philippine Sea plate wert
recorded very clearly. The findings from the observed Po/So waves in the Philippine Sea plate are summarized as follows [Shit
et al., 2014]. (1) The Po/So waves propagate even in youngest oceanic lithosphere (15 Ma) near the past spreading center
the Shikoku Basin. (2) The Po/So waves propagate much more effectively in older western part than younger eastern part of tr
Philippine Sea.

We investigate the mechanism of this propagation efficiency using numerical a Finite Difference Method simulations of 2-D
seismic wave propagation. The comparison of the observed and calculated Po/So waves indicates that the age-dependence ca
explained by the thickness of the heterogeneous lithosphere. The estimated thicknesses of the oceanic lithosphere are consis
with those obtained by a previous study based on receiver function analysis [Kawakatsu et al., 2009]. The expected depth of t
lithosphere asthenosphere boundary corresponds to the top of partial melting region calculated on the basis of the model defin
by the water solubility of 1000 parts per million H20 [Mierdel et al. 2007].

The results suggest that the oceanic lithosphere including the small-scale heterogeneities thicken with age. These sma
scale heterogeneities may form continuously in oceanic lithosphere from the time of its formation at a spreading ridge, via the
solidification of melts distributed in the asthenosphere.

Keywords: Po/So waves, Philippine Sea Plate, oceanic lithosphere
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Abyssal peridotites from the Central Indian Ridge: Implications for mantle heterogeneity

and oceanic plate formation
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hifgsRElE, TL— MEBIETH D, YV MUVWIETH 20 A5 AEDEDREE L TAIV EDREL, X)L D7 -
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FEORRBERN S, HRIEENA S AGal RO, BIEOHISERETGBILANTIC AR Z R L7c C L 2R d 5 & DN
TENTVS T EHERMEN T3 (Brandon et al., 2000; Standish et al., 2002; Harvey et al., 2006; Liu et al.) 2068~
FW@ﬁﬁEﬁ%i&&ﬁ%?wﬁbf,%%ﬂhﬁﬁﬁﬂ%%ﬁ@VyFw«@ﬁﬁﬂ%?W@I<§Hﬂh6hf
W3 (BIAIE, Hofmann, 1997, IhAAA TR FHEA €T V22 AN %51, IWHAAATSBREDIETIED
ABAEMNRIELTVWA T LB TRICARETH %,

AV FHEBXUCMEAEHEOIHFE X G L, ol gL T, XEEORNIALLHRN G S 2 EhHI5 N
TW3 (Bl Z1E, Iwamori & Albarede, 2008; lwamori et al., 2010)1 > REEHIERED S I IEEED A D AS S 2 < FREL
EN TV (Hellebrand et al., 2002; Seyler et al., 2003; Morishita et al., 2009, 2014; Zhou and Dick; 20&8al., 2014)
VFﬁ¢%ﬁ%ﬁkﬁ%%ﬁﬁ@w%kﬁ§ﬁﬁ(&%C&ﬁﬁ%ﬂfﬁbGEWMemLZHm%ﬁEE&ﬁﬁﬁ@
ABAEDHBIZBETT 5K LT, CWTIE, JREZREES > MIVOZHRME L Z OERICEES 5 et L 72
WTHBEEATNS, £o, AV FEFEOTEBEDNASL LG, MOMHKDOE D & R U T Os AN A S AN &
% (llHE5, 2012)

TEERF ST BAFE RS DR EEMNIC K O Wt > RPRERE R Ui AEI B DRI D AU S AE D 2 SERIE N7z, A D
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5AEMBEELFHEE T ERAT RN EZ 5ND, TOXIEEGE, 5IERIFHETL— bDILRICK > THIED
JEIK, HKOIEIC & DIEEET 5 & C & T, WPEEIC I A B AEA B LT < 55 C EREE, < kL
ORTEENEET L — FOMRZDOEDIHE R 52 5 LTINS,
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Keywords: Central Indian Ridge, Abyssal peridotite, Mantle heterogeneity, Formation of Oceanic Plate
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Heterogeneous structure of the incoming Philippine Sea plate along the southwester

Nankai Trough
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The next large-thrust earthquake along the Nankai Trough, southwest Japan is concerned to occur within this century. Firs
break of historical large-thrust earthquakes along the Nankai Trough are known to be always located off the Cape Shiono. Nor
volcanic deep low-frequency tremors and earthquakes considered as one of indicators of the future large-thrust earthquakes «
observed around the down-dip limit of the coseismic rupture zone of the last Tonankai and Nankai earthquakes [Obara, 2002
However the absence of Nonvolcanic deep low-frequency tremors and earthquakes is recognized between Shikoku Island and |
Peninsula. One of the causes of these low-frequency seismic phenomena is considered to be fluid generated by dehydration p
cesses from the subducting slab. It is important to investigate structural variation in the incoming Philippine Sea plate, including
its fluid content to understand the generation of the low-frequency seismic phenomena as well as large-thrust earthquakes.

In 2014, we conducted the seismic refraction and reflection survey in the northern margin of the Shikoku Basin, where the
Philippine Sea plate is subducting beneath the Eurasia plate at the Nankai Trough. We conducted a 360km long seismic profi
about 50-60km seaward of the deformation front along the Nankai Trough. 35 OBSs were deployed along the profile with the
interval of 10km. A tuned airgun array shot with a total volume of 7800 cu. in. every 200m for OBSs, and 380 cu. in. every
37.5m for a 192-channel, 1.2km-long hydrophone streamer.

In the time-migrated reflection section, variation in the sedimentary layer and basement reflection can be recognized of
Shikoku, which may correspond with the boundary of the plate age proposed by magnetic lineation [Okino et al., 1999]. In the
southwestern part of the profile, the basement reflection is not always clear, and shows smooth structure. Comparatively in tf
northeastern part, basement changes in depth drastically with prominent reflection signals. Moreover result of first-arrival tomog
raphy based on the wide-angle OBS data shows dramatic change in P-wave velocity just beneath the basement correspond
with the structural boundary observed along the reflection section as mentioned above.

We will show the structural variation of the oceanic crust and the uppermost mantle of the incoming plate, which may be
related to the formation of the Shikoku Basin as well as the generation of large-thrust earthquakes and low-frequency events, t
using OBS data.

This study is part of ‘Research project for compound disaster mitigation on the great earthquakes and tsunamis around th
Nankai Trough region’ funded by MEXT, Japan.
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Mantle wedge structure of the Japan Sea derived from Ocean Bottom Seismometer obse

vation
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SHIOBARA, Hajime ; SHINOHARA, Masanab ; KANAZAWA, Toshihiko?
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Subducting hydrous oceanic plate carries water by hydrous minerals into the earth and contributes to a melt generation. Aqu
ous fluid dehydrated from the subducting oceanic plate plays an important role in magma generation. The Japanese Island &
located at subduction zones where the Philippine Sea plate subducts from the southeast beneath the Eurasian plate and the Pa
plate descends from the east beneath the PHS and the Eurasian plates. To understand the water circulation and magmatism, a
number of seismic tomography studies have been conducted in the Japan Island. However, a regional tomography using the la
seismic station data could not reveal the deep seismic structure beneath the Japan Sea. The information of the deep mantle we
structure is important to understand transportation and circulation of water and melt generation in subduction zones. Therefore
we conducted the repeating long-term seismic observations using Long-term ocean bottom seismometer(LT-OBS)s in the centr
Japan Sea from 2001 to 2004 and from 2013 to 2014. We apply travel-time tomography method to the regional earthquake ar
teleseismic arrival-data recorded by LT-OBSs and land stations. We obtained the P and S wave tomographic images down
a depth of 300 km beneath the Japan Sea. The tomographic P-wave image has a high velocity anomaly in the mantle wed:
extending down to a depth of approximately 150 km beneath the Yamato Basin. In addition, the resulting tomographic image ha
three low-velocity anomalies in the mantle wedge. First, an inclined low velocity anomaly approximately parallel to the Pacific
slab within the mantle wedge is observed in the around 100 km upper part of the Pacific slab. Second, low velocity anomalies ar
imaged at a depth of 150 km beneath northeastern Japan and 250 km beneath central Japan. Third, a low velocity zone is imag
from just above the subducting Pacific slab at a depth of 300 km. These low velocity anomalies are interpreted to be represente
melt production affected by the fluid dehydrated from Pacific slab. The depth of dehydration from subducting slab is consisten
with the results of numerical modeling studies. Our observations suggest that deep dehydration from the Pacific slab occurs at
depth of approximately 300 km and the Pacific plate subduction drives a large-scale upwelling flow beneath the Japan Sea.
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Slab dehydration and melt generation in subduction zones
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FHEFEFICIIITO X S BRI ED 5N, D IV V7 oy YONEMINS LIV S A4 FBHEA L. AiLEko
TTAIWNBIERDEE LI NV IN=2 % 4 AT T L EBITIRFFAAL TN o 2) AU b OFHESVERIE D310 I h
B IEDRIBE L 257 DRKIC K B KOMHGICHATET %,

T, A5T (R E A5 TV ML) GIKEDEWVLHED X I ALV FODHICHEET ZMCDOVT L HER
I 5,

F—U— R kBRI, AT T DK, 77 piERE
Keywords: subduction zones, slab dehydration, fractional melting
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Carbon-bearing saline fluids in the subduction channel and mantle wedge
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linst Geotherm Sci, Grad School Sci, Kyoto Univ

We find C-bearing saline fluids in the subduction channel and mantle wedge. Saline fluids are found with or without methane
in jadeitites of serpentinite melanges located in Southwest Japan [Mori, Shigeno, Kawamoto, Nishiyama, in progress]. Carbo
dioxide-bearing saline fluid inclusions are also reported from sub-arc mantle peridotite xenoliths: 3.7 wt% NacCl in Ichinomegata
Iherzolites, Northeast Japan arc [Kumagai et al., 2014] and 5.1 wt% NacCl in Pinatubo harzburgites, Luzon arc [Kawamoto et al.
2013]. These findings indicate that aqueous fluids in the subduction channel and mantle wedge can contain certain amounts of
and ClI.

We suggested that separation of slab-derived supercritical fluids into aqueous fluids and melts plays an important role i
elemental transfer from subducting slab to the mantle wedge [Kawamoto et al., 2012]. Itis, therefore, important to determine the
effect of Cl on the trace element partitioning between aqueous fluids and melts. Synchrotron radiation X-ray fluorescence (XRF
analysis is conducted to know Rb, Sr, and Pb partitioning between aqueous fluids and melts simultaneously at high-temperatu
and high-pressure conditions. There is a positive correlation between partition coefficients and pressure, as well as salinit
[Kawamoto et al., 2014]. Two slab-derived components, melt and fluid components, are suggested to explain trace elemel
characteristics of arc-basalts in the Mariana arc [Pearce et al., 2005]. The fluid component is characterized by enrichment ¢
alkali, alkali earth elements, and Pb. Such features can be explained if the fluid component is a saline fluid, because alkali ear
elements and Pb are much less mobile with Cl-free fluids than Cl-rich fluids [Kawamoto et al., 2014].

We suggest that slab-derived components have compositional features consistent with a saline fluid and a melt, which can |
formed through a separation of a slab-derived supercritical fluid [Kawamoto et al., 2012, 2014]. Slab-derived supercritical fluids
contain Cl, and separated aqueous fluids inherit much of the Cl and some of the large-ion lithophile elements. Dissolution o
carbon materials into aqueous fluids is enhanced by the salinity [Newton and Manning 2002] and their species can be controlle
by oxygen fugacity.

Reference
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18695-18700.
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A., 110, 9663-9668.
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Behaviour of subducted water and its role in magma genesis
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Water at subduction zones is carried to mantle depths by the subducting oceanic plate and then released by dehydration.
then migrates upwards and contributes to melting of the mantle wedge to form primary arc magma. The magma thus capture
and transfers water to the crust, or outgasses water to the atmosphere. Water, either in fluids or melts in both the slab and tl
mantle, promotes the dissolution and mobilization of elements and affects the physical properties of the sub-arc slab, mantle
and seismicity. In this paper, we present a coherent model to explain the geophysical and geochemical role of water beneath N
Japan. We first investigate the seismic structures of the downgoing slab and sub-arc mantle and examine the role of subduct
water in forming these structures. We then use the Arc Basalt Simulator version 4, a petrological-geochemical model develope
to describe the geochemical behaviours of water and elements in the slab, mantle, and arc basalt. Parameters governing th
petrogenetic processes are also estimated by the model and compared to geophysical observations. The combined appro
shows that (1) subducted sediment and igneous oceanic crust are almost fully hydrated, whereas only partial hydration occurs
the oceanic mantle; (2) this high slab water content leads to melting of the slab sediment and the uppermost basalt layer benec
the arc; (3) the released water via slab liquid promotes 3725% melting of the mantle wedge at a depth of 50?30 km at a mantl
temperature of 1250?1350 C; (4) virtually 89% of slab water is released, 22% of the water returns to the forearc, and 38%
enters the arc crust with the magma; and (5) 11% of the subducted water retained beyond a depth of 180 km is held in the sla
and 29% in nominally anhydrous minerals in the wedge mantle.
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Water carrier in the Earth’s deep upper mantle and residues under hydrous condition
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K= > BVHICHfkE LT E NIz e 2 Y MUVIIEZ EO X S ICEL T B 2D, Zikand %o HBRNEBICHIEX
N2ZKDZ I, JWEER SR L, §2-4 GPaLl EDETIEES 2 A& s 2/ 2 T igsmk e LT > My
Ty VI END, KE7OKIER Y MVEBTHK L THIERICHRE L TLE 5D, ZO—HIZ T SICEBO~< > b
WEBRBALEIENS, ZLT, YA AVTA ROTHA YT VIR TKOEKEGEBENE WD, & LERED
EHKIEL TONE Y Y BIVIHRFIC K > CEREOWED EE< » MIVAER UTRHC Y + X 74 DK L Tk
RT3 eEZ BN, I~ Y MIVIIEICHT % T DX S HKOBERFIRNS 2D, KM LIZRTOL—IVYS
A O RfEIER T ] 3 — 8GPa & 1100— 1600°CDHIFHTIT o7z [1]. ZDREHR. B/KZEMFE T TR S N B0
ME, HKkOBE LTS . RURBEICEOTHY T VAICZ L RTARY 7 amIicEH. Mg#b &< %
DENDN o Tz, Fiz, KEEFTHICK o THS A ARBHAGIRE  HIER O PR AR OIRE X D ARICKL &S
Ty IRV MVOIRETE N YT VA GRS RfRZEC U TZ NS I E 225 L EZ 5N%, DXD,
BUHEDIRFAPTIERED EE > N IVEET Ma#h e < RGBS (= SIO2/0)) ICEATE “7 T b=y MVICH
ILT” 7NV IIN—=H A BIEREN TV B AREEDNE VW EEZ 5N 5, AffifdLETICBV T, 3GPall EDIERICEE
VHIN SR Y MVIEREIEZ T EDN - TL BRI LTFIN—TFA4 FDFEHE LTz, UL LIRETIRZFD X S iR
RO~ 7 <EEN L THE 5T, BIED L~ > MVGEERYE Z EHETFIC AN CRldlia A 22N C DIREZFEIHS % O
IR DEELV, —77, HIEBZNIIZEC K o T ILRARERFEATE, 7 7V A1 O—ERHiEIC BV TEE 200— 300
km T&Z O (X Adkimm) MBRENTED ., RAEADOEEHEBIC K 28D TREWVNE VI FIND 5,
BRI TIERENF R D NSRS AN Z SIFET % W05 EEFERN S, T O X AN OIFED LI~ > MVIEHR T
DR AR B 7K B DIRNAEILD—DTH % L EZ HFHELAETH 5 [2]. [1] Matsukage and Kawasaki (2014) Earth,
Planets and Space 66, 29. [25 7 T (2015) A 3ERE.  FlTRIH.
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Water release from subducting slab inferred by upper mantle electrical resistivity struc-
tures beneath back-arc basins

RGN N S
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We present and compare four 2-D electrical resistivity structures of the upper mantle beneath three back-arc basins; the Le
Basin, the southern Mariana Trough, and the central Mariana Trough. The magnetotelluric (MT) method is a base to estimat
upper mantle resistivity structures. The electromagnetic variation data on the ocean bottom were obtained from observatior
using OBEM (Ocean Bottom Electro-Magnetometer) and OBM (Ocean Bottom Magnetometer). We carried out the time-series
data analysis is to estimate the MT responses and corrected topographic distortions in the MT responses. We have basica
performed a smooth model inversion analysis using the processed MT responses to estimate a resistivity structure with minimu
model smoothness, and also have considered a prior constraint in the inversion analysis for the subducting slab inferred from
seismic research. In the Lau back-arc basin, we obtained 12 months length data by 2 OBEMs and 7-9 months length data by
OBMs on the 2 observation lines across eastern Lau spreading center at 19.7 S and 21.3 S; the length of both observation lin
are 150 km. It is worth noting that it is the first experiment to use OBSMs (ocean bottom seismograph with magnetometer); tha
is OBM attached to ocean bottom seismograph. Matsukura (2014) analyzed these data to derive 2-D upper mantle resistivi
structures beneath the two observation lines. In the southern Mariana Trough back-arc basin, we carried out an electromagne
observation along a 120 km length observation line across the spreading axis, and we obtained about 85 days length data by t\
OBEMSs and for about 60 days by six OBEMs. Shindo (2013) reported preliminary results from these data, and we reanalyzet
the data to derive a 2-D upper mantle resistivity structure beneath the observation line. We also compared these structures wi
a 2-D upper mantle resistivity structure beneath the central Mariana subduction system including the central Mariana Troug!
back-arc basin (Matsuno et al., 2010). All the 2-D upper mantle resistivity structures beneath three back-arc basins indicate th:
the mantle resistivity directly above the resistive subducting slab start decreasing at a characteristic depth; conductive region
less than 50 ohm-m exists at the deeper region. The depth is 140 km except 60 km for the central Mariana Trough back-arc bas
where the subducting slab is so steep that the conductive region has ascended nearly vertically to the shallower depth or that t
vertical resolution could not be good enough. This result suggests that the conductive region of less than 50 ohm-m is probabl
due to water release from the subducting slab and that the water release becomes dominating in the mantle above the slab wt
the slab reaches 140 km depth.

F—T— R WAL AT T, L~ > bV RS, e
Keywords: water, subducting slab, upper mantle electrical resistivity structure, back-arc basin

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

MIS35-19 £3:201A FFR9:5 H 24 H 15:15-15:30

VYHIT 4 — kY FARY bD LI~ Y ML 3cESUSE S LG
3-D electrical conductivity image of the upper mantle beneath the Society hotspot
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The mantle upwellings are one of the most important features for understanding the mantle dynamics. A large-scale mantl
upwelling beneath the French Polynesia region in the South Pacific has been suggested from seismic studies, which is called t
South Pacific superplume. Nolasco et al. (1998) carried out magnetotelluric (MT) survey around the Society hotspot, which is
one of the hotspots in the French Polynesia region, in order to estimate electrical conductivity structure beneath and the vicinit
of the Society hotspot in two-dimension. This previous study is not enough to understand the geometry of the hotspot, becaus
the hotspot is tubed like form according to the results from the seismic study. Moreover, Suetsugu et al. (2009) suggested th:
the slow velocity anomaly continues from the lower mantle to the uppermost upper mantle just beneath the Society hotspot. Th
geometry, temperature, and composition of the Society hotspot remain controversial, however, due to still insufficient accumula
tion of the geophysical data.

Then, we carried out the TIARES project that composed of multi-sensor stations that include broadband ocean bottom seis
mometers, ocean bottom electromagnetometers (OBEMs), and differential pressure gauges from 2009 to 2010. To obtain thre
dimensional (3-D) image of the upwelling of the Society hotspot in terms of electrical conductivity, we newly settled eleven
OBEMs and obtained MT responses at 20 sites totally. A 3-D marine MT inversion program, which can treat topographic change
distorting EM data, was applied to these MT responses to estimate 3-D electrical conductivity image. The result detected a cor
ductive anomaly elongating from the mantle transition zone to the uppermost upper mantle just below the Society hotspot. Thi
feature is consistent with the slow velocity anomaly obtained from the surface wave tomography (Suetsugu et al., 2009). We cal
culated differences in temperature between the conductive anomaly and the surrounding mantle using conductivity-temperatu
relationship for dry olivine based on laboratory measurements. The resultant temperature difference is about 400 K at the dep
of around 100 km, which is much larger than that estimated from a past seismic study. These results might imply that the effect
of partial melt and/or volatiles are necessary in order to explain the high electrical conductivity anomaly beneath the hotspot.

F—T—Riky R XA bW MT 3, BRUSEEE, 3YUTA 2= 3 VI, 7LV F Y 27
Keywords: hotspot, marine magnetotellurics, electrical conductivity, three-dimensional inversion, the French Polynesia
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Quantitative interpretation of electrical conductivity structure of the mantle
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RTXRTIV) w 7 (MT) SEEICHD L 7V MVOBLKUSEEREME TR, LIX LIS Y MLHOKOEN S N
%, THUIY Y NIV OB E DTS TAR LTz S DBOKITRENH B L EZZNENETH BN, &
SUREREIE, R, ETERL TV AEEITIE XV FER AV FODEN Y BARICEMKIFET %, Lieh->T, &
SUCEEN DR TR, TNHDINT A—ZOMBESHET % T LIEARATRET, MO AHREH W TRIRT 5 &
DRAEARRTH S,

AT, BEMT 7—2h 5 Bt 5N BXUREEREEOE BNz B8 Uiz, BoEOWZERREHFNT
%, HEEDZDIF, 1)ERET S ETOEENG D 2 WVIIMREET 2 ETIVEKS T &, 2) i L0 TAR OB E 7 G
HECHAAL T ETH B, WEER< Y MVOGE, FRIHES VYV AT 27 OBHIE T IVERGET % C L I13EHNTH
%96 IKGEPHBRER B OERITHT B2, PR EEAD 2 VIZEBROIE X ZROREIHHIT 2 IREMETT
IWTELFHIHENTVEDT, BXUBEEHENZOX S HIREBEICKEFELTW LR THEZ BN, AIIET
., VVRT 7R Y MVORT VY v)ViE, BVEEEREOE I 28T A—2 b Lz L— MaAREMAET
TS THEND 1 IOTEBLXEEEREIC OV THRIET %, HoERRRE. Y MUVAOOYV Y X ARE L, KR
THtRERZ ST LI BV X AREOMK FICET A ETIVEEH L. bAEE, K. “BtREOBNGZ 5N
e XIC, RAVIDLEIHETED D), FETZRL LS EOREOBI AT %, TD5 X T, a/ktrvvLvy
LIk & TRELIRBRIAM L 12 AV M DWW T OBLUZEEHE RO @A U CEXCEEMELFHHET %, &5
ICESCEEREND MT F—2Z2HEH L, BllEhiz MT F—2 & OEEEFEINCHMET %5, COFEICKD, &
KUREE 2T BB DINT A— 2T — 2 23S 2 HiH T D 185 L /3T A—Z WD b L— R4+ TRz ER
IS RAEE 2 T EWATRETH %o ET—ZADEMHI & LT, JLIATER Y MVOIRICOW TN T %,

FL— R4 TBHRZIZDIAR, B/8T A—R72 KO KT % /zdicid, HERGEE % EMoB7— 2 & ORI
fRRRDNETH D, THESEIODHOXRNZFETDH %,

F—T— R B~ Y MV, TR TV w ik, ARSI, K, BB VARL, M bR
Keywords: oceanic upper mantle, magnetotellurics, electrical conductivity structure, H20, CO2, partial melt
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