SCG59-01 HAMERSER S EA2016EAS

BEMREEERCH(TINEZFDBECDNT
Uncertainty of vertical positioning of seafloor geodetic observation

A BR., EE 2. EE aE'. BR @8

*Tadashi Ishikawa', Shun-ichi Watanabe', Yusuke Yokota', Toshiharu Tashiro'

1.8 ERZ T EF RIS

1.Hydrographic and Oceanographic Department, Japan Coast Guard

B HRLZEFBRMBTE. PS-FEAFEFBSHRC LD BEMREFERADOEMBAERVCEERUETOT
WD EICHKRBERUMBLS TAVCHKB U ZERARICHITIREDR UEANS. BETL—LDILHA
H DS EBRLHIRESAOME (CHE SR EEFHZERE L TE .

AARICKBANUTIE. BLEOREMEBER (BE+SYIRYS—) OBROEMESKECAEIS L
T. BEBOAUBZEKRNHTULD, COER, BRI EFERENEIMHNRADREZERATH D0, LVFX—KILL
NIVORBEOBWARIDZHICIE. B EREZ FEICEXD2UNEBERD D, ULHNLERS, BHROEERE (K
BEED) (F. B - PRATERLERLEHE S, BRERENULRREARUSERORE LEICH(FDEREL
BREEHAEITDCE(E. BELARABECTH D, LT T—IFBATIE. BREDFHE/ISA—TIEEA
L. SBEBOUEBRZEL EE(C. SREBATEARICHEET DL TREDERICEHTL D,

RE. BEBMUBOKERZCEUTIE. 10T2-3cmiZENAENS THETETDILDICHEOITUVD, —F
T. SHEBDICEALTIE. KEBRDICHRTESDEAXRET LB MEANRG D, N KFABEICELTE
BERICHLU TRNMMELBMNBTEEUNEETSCEICL>T. BRENRENG IEREMEZINZIN. A
BEAMEICELTIE. SBEROLEANSDT—5 UNEULZH., SREDREDEZNBELVEHTH D, C
NniE. BELDGNSSEfZIICHEVWTE—RNICESNDIERATH D,

ARKXTE. BEOERFECH TIZTRENHERZOERICDOUVT. BIETD EEEIC. KDIEHELIAE
FEEEOHEETOOOERT7ILITYU X LICDVTHERAETORBRICDOVTEHRET 3.

F—O—R EENBEBHE. - TEUBEEHT
Keywords: Seafloor geodetic observation, GPS-Acoustic combination technique

©2016. Japan Geoscience Union. A1l Right Reserved. - 5CG59-01 -



SCG59-02 HAMERSER S EA2016EAS

2= a2 Lb—2 3 VERLZEPS-ABEIMFRZEIERIDFERE DIREE
Accuracy of GPS-Acoustic seafloor geodetic observation evaluated by numerical simulation
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Figure 1. Travel time residual of TCA observation at May 1 2015.
Solid line is the curve fitting by Yasuda et al. (2015) in SSJ fall

meeting.
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Seafloor Crustal Deformation Measurement at the Nanseisyoto Trench
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GNSS/Acoustic measurement conducted on “Source region” of the 1771 Yaeyama Tsunami
-Is huge inter-plate earthquake being prepared there?-
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The Nansei-Shoto (Ryukyu) Island arc is generally divided into three parts based on topography,
geology, biology and other characteristics. The most significant boundaries are the Tokara Gap
between the Tokara and Amami Islands in the northern arc, and the Kerama Gap between the Okinawa
and Miyako Islands in the southern arc. Other than the two gaps, some large topographical saddles
along the island arc characterize the Nansei-Shoto Island arc. We carried out seismic refraction
and reflection surveys to investigate seismic structure around the Kerama Gap, which gives us key
information to consider the tectonic evolution of the Nansei-Shoto Island arc-backarc system. Two
seismic profiles, ECr25 and ECr31, are designed to cross the Kerama Gap and Miyako Saddle in the
southern arc and forearc regions.

Line ECr25 along the forearc has a length of 415 km from the Nansei-Shoto (Ryukyu) Trench at the
southwestern end, through the Miyako Saddle, to the Kerama Gap at the northeastern end.
Multi-channel seismic (MCS) profile reveals many normal faults in the shallow sedimentary layer
below the Kerama Gap and some faults reach to the seafloor, which suggests the deformation is in
progress at the present time. The MCS record also shows clear reflection signals from the top of
the subducting Philippine Sea plate. The depth of the plate boundary was estimated to be around 15
km below the forearc region from the reflection and refraction measurements. The ECr25 P-wave
velocity (Vp) model reveals the top of 4-5 km/s layer is much shallower in the forearc regions to
the southwest of the Kerama Gap, where higher free-air gravity anomaly and lower seismicity are
different from other region.

Another line ECr31 with a length of 228 km was planned to be located along the Nansei-Shoto Island
arc and cross the Miyako Saddle at the southwestern end and the Kerama Gap at the northeastern end.
The MCS record for ECr31 show many normal faults beneath the Miyako Saddle and Kerama Gap, which
indicates extensional regime along the island arc. Several conspicuous and almost continuous
reflectors with small normal faults are detected at 1-2 s below the seafloor of the Miyako Saddle.
On the other hand, some reflectors beneath the Kerama Gap are rather discontinuous due to large
offsets of the normal faults, which indicates larger deformation in this region.

Vp model of ECr31 reveals a typical island arc structure. Although the thickness of the middle
crust with Vp of 6.1-6.5 km/s varies along the seismic line, the variation seems to be independent
of the positions of the Kerama Gap and Miyako Saddle. Therefore, the topographical deformation may
not reach to the depth of the middle crust. We estimated the Moho depth of around 30 km from PmP
arrivals. Some reflection signals from deeper than the Moho are also observed and they may reflect
at the top of the subducting Philippine Sea plate or at its oceanic Moho. Traveltime mapping of
these signals results in many scattering reflectors and it is difficult to determine the depths of
deeper reflectors precisely.
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Detailed spatial distribution of microearthquakes beneath the Sea of Marmara, Turkey,
deduced from long-term ocean bottom observation
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The North Anatolian Fault (NAF) crosses the Sea of Marmara in E-W direction, accommodating about 25
mm/yr of right-lateral motion between Anatolia and the Eurasian plate. There are many large
earthquakes along the 1500 km long NAF repeatedly occurred and interacted each other. The recent
large northern Aegean earthquake with Mw=6.9 filled one of the last two seismic gaps along NAF that
experienced extraordinary seismic moment release cycle during the last century and confirmed a
remained blank zone in the Sea of Marmara. However, this segment keeps its mystery due to its
underwater location. Earthquake hazard and disaster mitigation studies in Marmara region are
sensitive to detailed information on fault geometry and its stick-slip behavior beneath the western
Sea of Marmara. We have started ocean bottom seismographic observations to obtain the detailed
information about fault geometry and its stick-slip behavior beneath the western Sea of Marmara, as
a part of the SATREPS collaborative project between Japan and Turkey namely MarDiM project
“Earthquake and Tsunami Disaster Mitigation in the Marmara Region and Disaster Education in
Turkey”. The target area spans from western Sea of Marmara to offshore Istanbul along the NAF. In
the beginning of the project, we deployed ten short period Ocean Bottom Seismographs (0BSs) between
the Tekirdag Basin and the Central Basin (CB) in September 2014. Then, we added five short period
0BSs and deployed them in the western end of the Sea of Marmara and in the eastern (B to extend the
observed area in March 2015. We retrieved all 15 0BSs in July 2015 and deployed them again in the
same locations after data retrieve and battery maintenance.

From continuous 0BS records, we could detect more than 700 events near the seafloor trace of NAF
during 10 months observation period whereas land-seismic network could detect less than 200 events.
We estimated the micro-earthquake locations using manual-picking arrival times incorporating
station corrections. The tentative results show heterogeneous seismicity. The Western High (WH) and
(B have relative high seismicity and the seismogenic zone was found to be thicker than the previous
estimations done by other researchers. Our result clearly shows that the maximum depth of
seismogenic zone is about 24 km beneath the WH and the western half of (B, and this depth suddenly
decreases to about 15 km in the eastern half of (B. Our results also suggested that the dip angle
of NAF is almost vertical or northward beneath WH, whereas it is about 80 degrees southward beneath
the eastern (B and perhaps further decreases to 60 degrees towards the Kumburgaz Basin. These
results suggest that some structural or frictional segment boundary is located around 28°E in the
middle of CB.

F—O—R EENEEN. VILVSE. BRI
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Along-trough variations and characteristics in the shallow crustal structure of the
incoming Philippine Sea Plate at the Nankai Trough
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B S D TIE30-15MalCh A LTI EZE X SN TUV I EIER TH SHEEBRMALHAATHD, BE - Big
B ENEREERMENMEDRUARET B EARTSNTUDS. COLDSEHEEERIMENDREKES
BRI Slz0(Cld, EXMEMBOBECYMZDIZITREEHI AN T — OREEMD LI
KD THPFAAREOKBEBEER & MHEEEFOBRICEBHNRESBICENNETH D, FEEERMED
(HE) OREXNDZILPEEFHITZIEAMENTCIA Y MEICBAL TERHFAL T VEVETIL — OB
EPHERRE<EDO>TUVBEHRATNTUS. BAREBETE201MEICHE U LRI A XFFHiE(C
KD THEBH DA E TREENS DIIEMMGREL e C ERBAS MK D fz[Kodaira et al., 2012]. @B~
STCHVTEREIAEOBRENSIIFEEHND S THEDICERSTLEIRDNEBE STEMENRIERIND
14¥ [Sakaguchi et al., 2011], RS TEHERICHEVWTEEXNEBRRENER TH S AREMNTERERINT
WD, ZOROEBLS ISR A AT HEBRZROBEZRLOREEIRREIT S LT — ~NERKER
(CHITBIMEMITARDE (FIIV) DLBREEBEAN I LEERFEIT S ETEETHD.
EFAREREE CE0MELR, SoBERNENEREEEN S JHEMNBTERL TSz, 85Nk
RAETEN S (FRESRDIRIBZ OB \WIBE L ERRDEBTIE T A —I LEINEH 2 IEBRABSNTU
3. THICHBET—IZHLSC E CHEBREMATIE20kmI T —ILOZILDRHEZSD C ENAREE
Holz. ZCTCAMETREEN S IEBICH(FIIXRHFAT T sV EVETL — ~OERBEEN S LB
TOBHEEYYEYT L, ERNEARHEEREBESHCTBICEEEANETS. SPREEMERE(CL>TH
EER T LB/, TEEREE, LEEERE, ~> ORBEEBEOHMEMNTIREEED, /S AEENS
ENBREICNTITOVYE Y TET oI, FLFEENHTE LEMRE TEHERBORICS —ES 1 ~BIC
LT IREBRBEODHBARESHCE e, BETIEBBORHERASS - B8 - BEIC2 T THEML, A&
BB TORXSXMHEDBERICDVTERT S.

F—O—R ! REGEMERE. IEBR. JrVEVEBTIL— K~
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The crustal structure of the 0jin-Rise Seamounts, North Pacific.
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IS 7 BLEE Y v W —Sr XEXREBLIOBICNUET BLETH D, Vv VIYF—51XET
=LY RICKBDZEDEXNICKDTI48 MaLIBEICTER I NZEEZEX SN TULS (Nakanishi et al.,

1999) ., Vv VYF—S7XCF3D0EED CBH) . NS LWLEE. 7V IR, VLY a JIRNAERET
3. FEEHENOBEMEERN S, S LILERIE144 MatE, 7 1LBR(E 134 MatE. /)L 3 TJ1LR(X128 MatE
[CERENEESTNTLIS (Geldmacher et al., 2014; Heaton and Koppers, 2014) . GRS XBILLEFED
DFL—DOEMRIE134 -125 MaTH S (Nakanishi et al., 1999) . ZOMENRHECERRHEICDOUVT(E
DMDOTULEL, ST BLEE. Vv VYTF—Sr XOEFHMANELIE S LTH ST Iz NBSEE
TEBRINZE VWSRRMBERINTUS (Sano, 2014) o IS 1 BELEE Y vWYWE—S 1 XDEBRDE
REMRBASMIENE. VY RILTIL—LFEHDOEE. FCEFEHHDOBDANBEENERET 5 C & (CDIEM
Do 2014 FTHICHEM THUVNL] ([CLBBEME, BN, BKOMIKEBZEAS LOCRL Y IJIC LA
BEENLHS 7 BLBECHVTITONE (KR14-07fi8) » ARKRTIE. ENS LUEEMEOETH SEA
SNCIE DTz, RS 1 BILEEDOBFMBRES(C DV TEHRET 5.

FARLIET—5(3. KRIA-0IFBTESNEVILFE—LT—S ESager et al. (1999) TYER S NiTBEME
J)w RF—25 Sandwell and Smith (2009) C{ERSINIZEESESEUNSIERINETIV—-IT7ENREE
T—=HTHD, CNSZEANT. WROBSRUTTYISI—DRE. #EBEZ Kz, EBEMRODES
(FKuo and Forsyth (1988)DAFZERVWTEE DIz, e P71V I—RUBEEBESBEMAEE T
D—TI7ENRE(CET DadmittancefBMT (McKenzie and Bowin, 1976) M53K&hHTz.

TSR D\ SIS 7 ZEILEO IR OES (F12kmEE TH D EMHIBE L2, < NISFEHANEEFit
RDOkmE LERUZEEV, /e, BEEBE(E2.6 kmTHD. TT7V—=F14TDT7AYXII—MREDILDTL)
BERDN DIz CNSOETBRNS. I6ES 1 ELEOERERE. BLNEFIL—~DEREF
FRUCTHDCEMESMIEDIZ, THEDE. IS 1 BLEEOFKREFIE134 -125 MaTH B EHETN
Do COZENS., VILYaTHEBERERERICA—I VS BLENRERINZEZZ SN,

F—O—R  F—=—IVSsBLE. IvVYF—S7X PRZVIVI@ER. EN. BEME
Keywords: 0jin-Rise Seamounts, Shatsky Rise, admittance analysis, gravity, bathymetry feature
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Estimation of thick crustal distribution of the Ontong Java Plateau
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HER F CRABOBETH3A VY I v DS (0IP) (FEATECMNBEL. ZOEEF.86 x 10D6TEES
FOX—KJU (Coffin and Eldholm (1994)) THD. BADWMEDEE TH D, COEXRLEA Y~V I v D
EETITONSEBIEEIDSR (X (EShipboard Scientific Party, 2001) (KD EEBETHIKRED
FREBIR120MaTH D LAREEFENHEZNCTHABICERINZC ERDH D TUVD, CDOKIEEKRK
HERIEREOTIL—TFO RZOZBRTEFETETLEON, BEOEIERE IXRTHAITIERET IV
FREFEAELEV. ZOERETIVEEZER D DX TCEELBHRO—DO & LU THIRESERSH D 19605(H S iR
BEEEMIONTET LS, LA UHRSEODESTPEREICERUZEDEHMARSN TS (HIXE
Furumoto et al., 1976, Gladczenko et al., 1997) . 0IPARAVOEVEIMEFEZEL TL\SEEHEB TIETREFE
EBMN5kmEEEE TN TULS (Miura et al., 2004) RAREDEDS FEBAFECLIDIERG > TREL TLL
Mofce ZDEH2010FE(C, 0IPHRRIBORILAMRICHUVT. RABI 7 H Y7L L1080 BEMES
(0BS) B&LUVbkMENDI LY =V —T =TIV KB VILFF v URIVRGE (MCS) ¥ XF L&EAVIESZHN
BEEENMTONE (Miura et al., 2011) , J#—D—REFTUVT(C KD (Miura et al., 2013) 2
(FTHEL., YEIERNET ST v EEHREHNSDREE (PmP) ZRHVWEERT V-3 VR, SXUOKRE
HCEBURBREDEICKLBEAETE (Larsen and Grieger, 1998) &#XfTULJ (Miura et al., 2014,
2015) o ZDBEREREFRE(FOIPHRETT40kn U EEREELEO>TUVBDCERMDM DTz, LWL, ZDil
BROESTHM00EDRBFBUNTE DL DICEODTUBINDH. K<HHDTULEL, ZNDTZ8H19984E (CHEIR
(CTHEURHEREST—5 (Araki et al., 1998) ®CiBEDHAERER (X (SFurumoto et al., 1976,
Gladczenko et al., 1997) EALT. 2010FEDRAEBDEHLRAADLNRDICDVWTIBEI S FECH D, D
EROIPEADMBRDEST DHMNEETE. FBEPHBREREDRBENRTESRRLS D, CNSIF0IPERICH(F
BENRBADFECERET IVEEICEBYRBESEXEEX 5N,

F—O—R ! KREXREXE. 7Y~V Iv D856 MCS. 0BS, IRk, TR
Keywords: LIPs, 0JP, MCS, 0BS, crust, Moho
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Electrical conductivity structure suggests no plume beneath the Tristan da Cunha hotspot
in the southern Atlantic Ocean
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BEAEORIRSY -5 - D—Z"vHEBEF. TZE7IAEBOLT VT IRAIXREFINSDUD D #ILE
ZBEOEIGICHIZEDHY R IRV REZEZISNTUSD, ULHAUENRS, NUGEBIDRRMNY V ~IVFEEH S
DEERTHDOH. ZNET LYY RIVERBBO 7L ) X T T 7EOMNMIDVTIE. S YIRERID RN
Diesh. BRISEERDUVTULEL,, A, R1Y - BROXRAETIL—FE. kU RS

VS D—Z e EDEETOVY NUBEEEMC T A—T VI TBEC. BEME - EBHS (VIR
FILUw D MT) ERIZE2012ENS52013FECNNITE-EL 2. ABBRIBRIEBIORREBNIT 5. EWS
HAITIE. 260BEEASICUREREL. COOBUBAURHSEBRICERLET—9ERE LIz, ERLE
T8 MWEMREZRBLIELT. FFVYNIIDFINIURTEEETIVERSD. BICZNEMHETILE
ULCORTBEET IV EHE LR, RAEFX TOENTE. FIW0kncHSESIGEEERANRHOSNDIED

D. VYRILBBEHNSD EERETRET DL OHBRMCEEBEFHENONT. DELEERENDRY
2ARY RIITVDEBRIELLSI7PEIXTI7 - IVRIICHBIEETRERLTVD, RUXS
V8D vERLUUAIEBEOERT Y TILOMEKIEZMEEE. VY NVESEREREL T
HFD. BLNESRGEEBETETILERF—HFETD. LERDT. RUXRBY -5 - D-—Z—vBETOLER
FFEAETFCNTTUDN. FeF. EBREEAFLON EXFRURIY -5 - H-—Z—vEDFE
BlCH3T78 (U7 )LEXBEETHLSKESMMU. TTBEES—FDORIFRICAIETS) (CHD. R
BECEOBEFRLEICL DT/ AT I 7ZE#EARAICHENTE . EEXDIOREYHNELNLEL, &C
B TEIH0kMOBEBRMCEERE(Z. UV -5 - - v EOEEHRAICEDIMEEITA>TED &
Mo TULDo CNIEKHHRENRXILEEBE (MEEAEDONILE) NEXT IREE LD TLSHREEE RIZ
EER

Keywords: marine magnetotellurics, electrical conductivity, upper mantle, hotspot, fracture zone,
Atlantic Ocean
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Red relief image map and integration of topographic data in and around the Japan Sea
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TE. BRSAFRORKEBTREZ<OFAEMBICTVILFE—LICKBIBEMET —IBRREBINTULSD, N
S5NF—FZEFALTC. LOSREEBEMES —FEERN TS Eld. BRBICHITEITI IO X0EK
BEEDHREERTEDILTEETH D, ARKRTIE. VILFE—LICKDRARERT—5 LEDOREE - EEHO
DEM (Digital elevation Model) F—H DIEEFE. K5 VICZEDDEMT—IMNSIER L ERBIHAMKIC KD
A RXR=IVITDEERICDOVNTIERS,

VILFE—LBRT—5(C(E. SEOEHEMIEY ) 7 ABRENESINTULDIMN, MITOEBETYE —LNDBIE
/A XBEEZELED. FiTEOT =5 DRAFMEOTFNAREL TULDIBEENRH D, Tz, IELIET—5D—
BICE. ST REBARTEORETESIETPI U W RMESNTOBIERAFEINTH D, TOMITED
FT—HICE>THBUBZETETLEVENEH D CNSDVILFE—LBRRT—F(CNL T, KRBILEAMR (F
E 8K, 2004) LEDMERRFEZZEAITSE. it EE(C/) r IANEMRARBEIN. HX > THiEZE
FHEL OS5V, ECT. J 1 XEZRHOKRBIEMEKEERL T/ 7 X DHP/III—VEBELEDXT. &
BE - RAERBT 50/ 1 ARECHEL —THEDWEF EZEBA L. MZEL—TREDDHT

(F. REHAISRBEOFRHNSBAFZREL CHRBEBEITZ I ILIY Y IFEREIISNTE D KR IEHE
BICHTB/INSA—FHEND ) DN\DEBEINTUV D, LEDRFRERT—5FMEL —TED X7 LICED
A T —IVABOKREETOEDSE. J A XARBEBALEDABERICRI T TREVBEEIT O,
TORBICEVT. BT —SDEEHDE. 7—IBE. MEFK. JVYREDNLEEEALLZDSE., &
ROREBEODEDERRLUIZ, T—SBDESICERLTEF. BROKFEECILGUTER Ny I 7) BERTE
L. BIEONCEEEINBLDC Uiz, mBT—9MNS TV Y RF—SADE[EHREICE. REBENDH D REF
(U CEBSHEEERETE., MDRAERBEOT —INB(CEMR 53, VILFLARNIBIX TS VEE
BRI L T. 0.0005° (#950m) TV w RREARDIKESEMT —SIZ/ER LTz,

J A ABREBOHEENT —FZAV T, HERAOKRBIAEMREER Uz, REBIAERIE. E\EROSEERD
ZR<. BIREASZ<. AEBCRBLZRLUNDS—BHRTHD. BE (BELEFH, 1999) OB EILRL T
MEOIGERERL TLBNDT. BERDKSENRICKDAMUKFEITECHEV, Fleo AT UARTER
CLBIUFEREFIRLEDEBERTH B2, BRDHOMB L —IPERERLLE CE. CGISETARRICER
BHOETERRTE. HRIE L TERVPT L,

YERR U e iRBILERIN S (3. {EEBEN SREMBEICHR EE - BRI E XN S ANREDLIAE
B K BHBELS E DI X T, BRREBEMENRBEIN TV CERRTEN S,

F—0—R: A BEME. F-SRE. RO, REESTTI
Keywords: Japan Sea, Bathymetric data, Data integration, Red relief image map, DEM
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Huge deep-sea landslide in the Southern Mariana Trench: a preliminary report of 6K-1429
dive
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L AMULGEZKIE (Shinkai Seep Field) EFTRMEIV Y 7 HEBEEARNBEOEYSE - HEFMNRATEZENE L
T, 2015FEME(C TUANDNG500] (CLDBMABEETETD [KTITH YKIS-1MBBRERSI NIz, AFEH
Tld. @YY 7 HEERBOAOY VEEICHEN T SEAMNEICHRET D/INEEICSVTHREING. EX
SBEIE D MR D6K-14208/MAE (FiE  AHENR) OBREFRHKT 5.

EEEME O M. FIEEDYKI1A-13FEICHNT. TRITHI DVILFE—LAFREIN22TYvE VD
SNz, WOV VBEO I VEVEBETIL—ADERICKD. BEEVY 7 FEEAESSIEACRAE < BHRRE
[CIRVBEBEOEIRERLTUVS, BRIV 7 EERARIORA(CEV S EEREAIRIE FBEN T, B8
DY <EER (6B (CIEFRXZBDAER2300 m. £R#M100 kmD/IEENRAICHRL. ZOE(CER (6
) (CERFEEDACEKIST50 m. 2RMN70 kmnDRAICHRT DIERNEET . IEROE(CEER (b

B (F. AV 7 THBEOE=ZICNUNSTERINTULDEBDONDERAANETUTUL D, EM22(C L DEEM
ERMS(E. JvBEDAKE2300 mOILTEILEIET. KR2700 mfa%E Lif. KR4500 mfhEZE Time L. RiE
95 kmgg. FAILHU6 kmiBODERFEOMMERTHEND, ZDTREBDAELS00 mH 55650 m(CHFT. d6db
FEAACEIRHIKICIANSS kmEDIEZE R DA ER TE S, IM2D2OBEZERFNBE(CLD & MM
FIFFEFEEOHLELECEEZL. REBENAKSLEEANETTEDBELTLSEEREL T

3. MtEEIEEEL D REROLHEENRS <. RAINERIHEBETH SN, BRIDERSREART. M
PREF—BLULEVWLSTHD, UEO NS, MiEEIE. HRICIEN T IRE LT, BRAFEE600 nlct
RSREBERIBENAFEE L. ABOBREANERBIKNCER UZBEERTH D, . SFEFERIC L DR
FUREBRIBIRMIRICIEAR DR L 1ZIEES300 MEEDBEEHBY VO YR TH DI EEZX5ND, BEME
R MERERD S, BBELEBLIEEBEEHEZES km3-10 mRELERBESN. INEEICERNEE L
[ZrlREEE RIBEI ND,

6K-1429%8M(&. IvEROREmHN S/AVBEEOIAIRNEZREL. 58 CXREB) OMtA (KEERMAE) RO T
GREB) Ot (BB VY OV R) OBRETO 2, ZOBR. EHOV Y RILMWABABTE. —D0
KRENENING, VY RILWASASIR. INBEOERBTHIEEX 5N, NLEE. B Y 7 F /il
CLELBRLUTLBHFHEOXNLETHDEEZXS5ND,

VY RIUOWASAEEET D/BEDACENRZVOERE. NERERIEUEOKEN1000 mOREEL (Ishii,
1985, Terra Pub) CHLIOBREICLDEEZSND, IHEDE. BREBLOBAEIEHFATAKEFIL—~E
DINEFEHEEDERICEIDERNRTNSIHLU EFSNTUVREHEEZXSND, —A. AOY ViBEOHEC
(A (CEHE EE5ALICHEATROYOILSST (Altis, 1999, Tectonophysics) A& D. CHILKICELBHO
D BEOIEAANDERICKD., ERIRTHASHEU E(FSN. BRIV Y RILAXUN—-EUTEBHELTULRE
EZ25N5, FEEROERE LTE. THSOEULIFICLBIREOERABOEMICINX. BEKDR

A XEOWRERICEZEBREMRICEDBODZLEODTVNBRIEKE., EHOEROERMENEZ SN
3. COBEHOAEE. Vv THEEMEDERFZNLREHLE (HIX(E. Ohara et al, 2002, Chemical
Geology) EEVHTEIERICAEL . SEORAENFLND,

F—O— R EEVYTTEE. BEED. BRELLEYY FUDASAS
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Sedimentary structure of muddy turbidites recorded in a terminal basin
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AHAFHFICH T DMEBREDRRE. SFROME - FERICHESKBEERRIDSOXTHRBICEETHD, B
HABROERBYESRDOINTNS (F. EXZBOEMDAEICHR. IDHUVMEBREEZBDIENTET S, &
(. SBEOHEY EEREXMEDHRLER(CAUBT S, GENESBEUBBRESVESE X5, B
IO = BUIEBREOHE(CE. -5 1 ORHEERN—BNICHAVNSN TS, L. E
BRISHEKLECLI>D>TERET DD, 9—ESFr ~ERAVCIHMEBREOEERIC(E. BEHASDEEMNE LT
HIEDOIEV R THEORERETOHETEEET B, BENSDEENETEIEDEVISR TEENS N2
H—ES 4 IR TH D260, EEFIERE DHRINR#ETH D, T TAMETE. LITHEICEK
DIMEUTH D ENBESHTHIRBES -1 RCEBL. ZOHBBEDRHUEERIZIEEE—D
BME Uiz, Ee. BFESLUEENT -5 LDOROSNIZHEBEENDIFIHE. AiteTEoNzEX ~> O
7ERISGER L. ZOERHCH(TRIMEMS —ES 1 ~ODMICET 3ERERD T,

AEAFE TEZMATM TFEILL KS-14-8FBEICH VT IEFEEEEHFONMNER I DENINZRT46mD VY
JWFFIATERTE.7T mMOEX LY OFPERAVZ, SRHEENR(E. 8B HOMMTY XL ERIETERORMIC
B L. BENSDIIMEIEEZ(FEL. RILER-AREAEAMAICHRUIZIBRTH D, INBRITHRALLLIWHRE
UFRNHET CEDEVNI—ZFIVBRTEH D, RSN VILFFIILITDOEI D L1318 BRIE-2108ED
DM S. EEBT7 cnDBERE (2004 FEEREHMEDBRICEBLEEDEHREINTUL D, AFIEES
DOAT7ICR L. HREROMR(TX T+ VICNX. FHERRAM. SRR, SDitEs. SXBET. KESH
"iTo7

2004 EfC R EMRHNER BRI 2IBEI—ES 7 ~E. VILFEOEEBEE. TNZEZESEBENDEN
BEBMNS1E3, VILEEDEEBTEREICASEELEROSNEVR. FHRRE LEANDBLRIFSN E
UDVIVFBTREEBMEETRT, CNSOBRHNS. EEIRIHEE(C L > THRE LIBEBREOHERBYE D
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Late Neogene to Quaternary turbidite deposition in the northern Japan Basin and its
relation to regional tectonics
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Sedimentation of iron deposits in Nagahama Bay, Satsuma Iwo-jima Island:Precipitation
behavior of colloid
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Satsuma Iwo-Jima Island, with volcanic activities, is located about 4@km south of Kyushu Island,
Japan. This island is one of the best places to observe a shallow water hydrothermal system.
Nagahama Bay, in the south of Satsuma Iwo-Jima Island, is partly separated from open sea. The
seawater appears dark reddish brown color due to colloidal iron hydroxide by the mixing of volcanic
fluids (pH=5.5, 50-60 degree Celsius) and oceanic water (Ninomiya & kiyokawa, 2009; Kiyokawa et
al., 2012; Ueshiba & kiyokawa, 2012). Very high deposition rate (33 cm per year) of iron-rich
sediments was observed in the bay (Kiyokawa et al., 2012). However, precipitation behavior of
colloidal iron hydroxide has not been clarified. In this study, I report the results of analysis of
deposition experiments of the colloidal particles at the Nagahama bay.

Since the size of the colloidal particles is Tnm~Tpm, single particle cannot be precipitated. This
arise from precipitation of the particles in the viscous fluid is according to the Stokes' law.
Colloidal iron hydroxide has the property of having the electric charges on the surface. The charge
on the colloids is affected by pH of its surrounding seawater and can become more positively or
negatively charged due to the gain or loss, respectively, of protons (H+) in the seawater. This
property affects the stability of the colloidal dispersion.

FE-SEM observation shows that the suspended particles consist of colloidal iron hydroxide (about
0.2um), on the other hand, the iron-rich sediments are composed of bigger one (>1 pm). This
indicates the colloidal iron hydroxide is precipitated by flocculation. We examined the
precipitation amount of colloidal iron hydroxide under the various pH environments. The
precipitation amount of pH=7.8 seawater 10% higher than that of pH=7.2. This result is roughly
follows the theoretical value.

F—O—R:BRNDILFTS. OO K. KE{LEK

Keywords: Kikai Caldera, Colloid, iron hydroxide

©2016. Japan Geoscience Union. A1l Right Reserved. - 5CG59-17 -



SCG59-18 HAMERSER S EA2016EAS

CK16-01fERE - I7J V0, BIBRESTS JUMEMREY —ILE BV EFERILBES K UOHH
Y EH (T BRI EH

Preliminary results of the CK16-01 Cruise: Scientific drilling operations of coring,
in-situ thermometer and geothermal logging tool
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The CK16-01 Cruise by D/V Chikyu was performed at the Iheya-North Knoll and Noho Site, middile
Okinawa Trough from 11th, February to 17th, March 2016 in order to investigate the subseafloor
hydraulic structure and geology, aiming to construct the genetic model of seafloor hydrothermal
deposits. In the first half of the CK16-01 Cruise, logging while drilling (LWD) was mainly done to
obtain physical parameter beneath the Iheya-North Knoll and Noho Site, as well as install of the
“Kuroko-ore cultivation apparatus” equipped with sensor loggers to monitor the secular changes of
pressure, temperature, flow rate and precipitation weight within the Kuroko-ore cultivation
apparatus on artificial hydrothermal vents. This Kuroko-ore cultivation apparatus will be recovered
after one year by ROV Kaiko Mk-IV. In the latter half of the CK16-01 Cruise, the main operation was
coring to obtain drilled core sample together with temperature measurement by in-situ thermometer
and borehole logging after coring operation using a geothermal tool bearing pressure, temperature,
flow rate and gamma-ray sensors. In this presentation, we report the preliminary results of
operations during the latter half of the CK16-081 Cruise.
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Keywords: Okinawa Trough, Iheya-North Knoll, Noho Site, seafloor hydrothermal deposit, Kuroko
deposit, CK16-01 Cruise
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Preliminary results of the CK16-01 Cruise: Scientific drilling in Okinawa Trough using
Logging While Drilling tools and installation of long-term monitoring apparatus
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In the period of February to March of 2016, the CK16-01 Cruise by D/V Chikyu was performed at the
Iheya-North Knoll and Iheya Minor Ridge in middle Okinawa Trough, in order to investigate the
subseafloor hydraulic structure and geology, aiming to construct the genetic model of seafloor
hydrothermal deposits under an umbrella of Cross-ministerial Strategic Innovation Promotion Program
(SIP). In the former half of the cruise, logging while drilling (LWD) operation was mainly
performed to obtain physical parameters beneath both the area, as well as to install of the
Long-term monitoring apparatus, "Kuroko-ore cultivation apparatus", equipped with sensors to
monitor the secular variation of pressure, temperature, flow rate and precipitation weight within
the apparatus on hydrothermal vents artificially made. The precipitation volume of the apparatus
will be recovered later to by ROV. In the latter half of the cruise, the main operation was coring
to obtain drilled core sample together with temperature measurement by in-situ thermometer and
borehole logging after coring operation using a geothermal tool bearing pressure, temperature, flow
rate and gamma-ray sensors. In this presentation, we report the preliminary results of operations
during the former half of the CK16-81 Cruise.
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Keywords: Okinawa Trough, Iheya-North Knoll, Iheya Minor Ridge, Seafloor hydrothermal Deposit,
(K16-01 Cruise, Cross-ministerial Strategic Innovation Promotion Program (SIP)
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Acoustic and magnetic surveys using AUV Urashima around the hydrothermal sites off
Kumejima island in the Mid-Okinawa Trough
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Recently, polymetallic sulfides deposited in seafloor hydrothermal vents have attracted interest as
a potential mineral resources for e.g., Cu, Zn, Pb, In, Ga, Ge, Au, and Ag (Schrope, 2007).
Development of effective methods for exploring seafloor hydrothermal activity is an important key
for future exploitation of this type of deep-sea mineral resource and thus, more efficient methods
for exploration of seafloor hydrothermal vents are expected.

Recent progress in near-bottom geophysical and geochemical surveys using autonomous underwater
vehicles (AUV) allows us to perform high-resolution surveys in which the signatures of seafloor
hydrothermal activity can be detected (German et al., 2008; Kumagai et al., 2010; Nakamura et al.,
2013). Moreover, in the last decade, water column observations using multi-beam echo sounder (MBES)
systems equipped on a surface ship have also become successfully applied to exploration of seafloor
hydrothermal vents (Tanahashi et al., 2014; Kasaya et al., 2015; Nakamura et al., 2015).

During the YK15-14 cruise in 2015, we conducted the shipboard MBES survey by R/V “Yokosuka” and the
near-bottom acoustic and magnetic surveys using AUV “Urashima” around the hydrothermal sites in
order to reveal the distribution and characteristics of seafloor hydrothermal vent sites off
Kumejima island in the mid-Okinawa Trough. The presence and amplitude of hydrothermal plume signals
were first detected by acoustic water column imaging with a shipboard MBES system. A total of four
AUV “Urashima” dives (Dives #217-220) were completed around the sites. During these dives, we have
successfully obtained high-resolution bathymetric data, side scan sonar image, sub-bottom profile,
vector magnetic field and chemical sensor data (ORP, turbidity and temperature). The vector
magnetic field were measured by three fluxgate magnetometers mounted in the payload space of AUV
“Urashima” to investigate the seafloor magnetic features related to hydrothermal alteration
processes. The distribution of crustal magnetization are estimated using the magnetic anomalies by
the inversion method. Here we report the overview of the YK15-14 cruise and show new results from
AUV “Urashima” dives. Then, the characteristics of the hydrothermal sites in the mid-Okinawa Trough
will be discussed by comparing with the results from the ROV surveys during the KR15-16 cruise.

F—O—R UBEEBUKEREE. PEHEBNSD. AV FHEEEE. BRER
Keywords: seafloor hydrothermal exploration, mid-Okinawa Trough, AUV, detailed bathymetry, magnetic
anomaly
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High-resolution Magnetic Signatures of Irabu Hydrothermal Fields, Okinawa Trough
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Near-seafloor magnetic fields near the active Irabu Hydrothermal fields (IHFs) were obtained by
using the AUV URASHIMA during the R/V Yokosuka cruise YK14-16. The Irabu knolls are located on the
axial area of a back-arc rift of the Okinawa Trough and consist of basalt to andesite. The seafloor
rock samples from the same region were used for rock magnetic measurements and petrological
observations. The integrated analysis of the magnetic anomaly and rock magnetic properties led to
the following conclusions:

(i) The IHFs are associated with reduced magnetization reflecting the hydrothermal alteration of
magnetic minerals present in the extrusive lavas and the deposits of non-magnetic hydrothermal
material.

(ii) The basaltic rocks show high natural remanent magnetization (NRM) intensity ranging from 7 A/m
to 214 A/m. The extremely strong NRM was caused by less oxidation, abundant
single-domain-titanomagnetite grains formed under proper crystal growth rates, and low Ti content
for titanomagnetites. These strongly magnetized host rocks produce large variations of magnetic
anomalies in the Irabu knoll, resulting in a clear magnetic contrast between the IHFs and their
surroundings areas.

(iii) The low magnetization zones (LMZs) related to the IHFs are located at the rim of the caldera
floor in an elongated direction parallel to the local strike of the caldera, and extend into the
caldera wall. These observations suggest that the hydrothermal fluids ascended through the caldera
fault and caused accumulation of hydrothermal deposits and the occurrence of hydrothermally altered
zones in both the caldera floor rim and wall.

(iv) The LMZ extends across several hundred meters along the caldera rim. Compared with similar
hydrothermal fields of the Hakurei and Brothers situated in other arc-back-arc volcanoes with
summit calderas, it is clarified that hydrothermal systems controlled by caldera faults have
horizontal spatial scale equal to or larger than those of detachment-controlled large hydrothermal
fields at slow-spreading ridges such as the TAG. It is implied that the permeability structure and
style of hydrothermal circulation may play important roles in the formation of the larger
demagnetized hydrothermal fluid pathways at caldera-controlled systems.

F—U—R BERKERR. BFHRKERE. aAlS. FEB~>T
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Spatio-temporal scale of seafloor hydrothermal systems: Constraints from borehole and
seafloor observations in the Mid-Okinawa Trough
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Post-caldera volcanism and hydrothermal activity revealed by AUV surveys in Myojin Knoll
caldera, Izu-Ogasawara Arc, Japan
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Enhanced and asymmetric melting beneath the southern Mariana back-arc spreading ridge,
influenced by the subduction of the Pacific plate
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Deep-sea geomagnetic surveys across fracture zones and transform faults
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Water exists in the solid earth and affects solid earth dynamics through its circulation. Oceanic
lithosphere would work as a carrier of water into the deep mantle. Our approach is the first
attempt to understand the role for fracture zone and transform faults through where the water could
be transported from the ocean into the oceanic lithosphere. Our targets are Nosappu fracture zone,
Marie Celeste transform fault, and Argo transform fault. Nosappu fracture zone locates in the old
Pacific lithosphere just before subducting into the deep mantle at the Kuril trench. Marie Celeste
transform fault and Argo transform fault are boundaries of two oceanic lithospheres in Indian ocean
with a large age offset. We conducted deep-sea geomagnetic field measurements together with surface
geophysical surveys across the fracture zone and the transform faults during YK14-09 Yokosuka and
KH-15-5 Hakuho-maru cruises. During YK14-09 cruise, we successfully conducted AUV Urashima
geomagnetic surveys and surface geophysical surveys at the Nosappu fracture zone between 38°40'N
and 40°4@'N. We had four AUV Urashima dives across the fracture zone to obtain geomagnetic data.
The length of each survey line is about 17 miles, which contain about 13 miles at the AUV depth of
3300m. The exception is one dive, which was forced to end at the middle of the survey line due to
an emergency uplift of the AUV. The surface geophysical surveys allow us to collect multi-narrow
beam bathymetry and geomagnetic field data, which cover total 1,200 miles in the AUV Urashima dive
area. The surface geophysical surveys contain 17 survey lines across the fracture zone with their
length of 4@ miles for most, and survey lines along the fracture zone cover 110 miles at each side
of the fracture zone. During KH-15-5 cruise, we successfully conducted two deep-tow magnetic
surveys together with surface geophysical surveys across Marie Celeste transform fault at 65°15'E
and Argo transform fault at 66°07'E. We used our deep-sea geomagnetic field measurement system
which consists of a depth meter, a proton precession magnetometer, and flux-gate type
magnetometers. The length of each survey line is about 25 miles. The intensity of the geomagnetic
field at sea surface and at deep-sea with even height from the seafloor (2500 - 4000 m depth) were
obtained. The geomagnetic anomaly field at deep-sea shows 2 - 3 times bigger amplitude and also has
shorter wave length anomaly than those at sea surface. Our results from Nosappu fracture zone
provide magnetization signature beneath the fracture zone. The magnetic boundary in the fracture
zone is not a single boundary as predicted by a simple plate boundary model, but two magnetic
boundaries parallel to Nosappu fracture zone are identified by the deep-sea vector geomagnetic
anomaly field and by seafloor magnetization solution calculated from the surface geomagnetic
anomaly field. We will discuss on magnetic property beneath fracture zones and transform faults as
a result of reaction with water.
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High-temperature hydrothermal activities around Moho: diopsidites and anorthosites in Wadi
Fizh, northern Oman ophiolite
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Reaction products between hydrothermal fluids and uppermost mantle harzburgite-lowermost crustal
gabbro have been reported along Wadi Fizh, northern Oman ophiolite. They are named mantle
diopsidite or crustal diopsidite. They construct network-like dike crosscutting structures of
surrounding harzburgite or gabbro. The mantle diopsidite is mainly composed of diopsidic
clinopyroxene, whereas the crustal diopsidite is of diopsidic clinopyroxene and anorthitic
plagioclase. Here, we report new reaction product, crustal anorthosite, collected in the lowermost
crustal section. It is always placed in the center of the crustal diopsidite network. It mainly
consists of anorthitic plagioclase with minor titanite and chromian minerals as chromite and
uvarovitic garnet.

Aqueous fluid inclusions trapped in negative crystal are evenly distributed in the crustal
anorthosite. Some of them include angular-shaped or rounded daughter minerals as calcite or
calcite-anhydrite composite, which were identified by Raman spectroscopic analyses. We estimated
their captured temperature at 5302C at least by conducting microthermometric analyses of the fluid
inclusions by Heating-cooling stage. Furthermore, we examined their chemical characteristics by
direct laser-shot sampling method operated by laser ablation-inductively coupled plasma-mass
spectrometer (LA-ICP-MS). The results indicate that the trapped aqueous fluids contain an
appreciable amount of Na, but no K.

Hydrothermal fluids involved in the crustal anorthosite formation transported hydrothermally
immobile Cr, which was probably provided from chromite seam in the uppermost mantle section to
precipitate chromites and uvarovitic garnet in the lowermost crustal section. Cr got soluble by
forming complexes with anions as SOf", COf' and CU". In addition, these hydrothermal fluids
transported Fe, Mg, Ti and rare-earth elements. Our temperature estimation for the crustal
anorthosite formation requires rather lower temperatures (530-6002C) with considering
microthermometric results and mineral equilibria, thus later circumstance than the mantle
diopsidite and crustal diopsidite formation. Therefore, a series of high-temperature hydrothermal
events had been significantly contributing to the chemical flux occurring around the boundary
between the mantle and crustal sections.

F—O—F  BUKER. hPRBE. tLFT0S5vOX
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Two types of basalts erupted in Active rift, Izu-Bonin arc, Japan
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1. [FUMIC

FE NERIMOFARABRESE, XMLDOYVREZOERICEES D 79T IV IRCEFTS. 70
T YU ITROXRENR, SERXREOREZERL, ALDJOY ~EFHERICEYSD (FIxE
Hochstaedter et al., 1990) . 707+ JVU D MIEIBRAEROIHEEEERL THD, ZOXNBREBDR
BEBESHNITBCLF, BERERORREELBRERERAIT DI LTEETHD. £ES51E, 70717
DIRIRRENHIELT, REXUITRDORLYIRABICL>TESNEZXREICIE, 20051 THEET S
CEEBSME LR (FHIEN, 2015) . DS, KO0, Na, ¥, Ir, NiCEGHigh-1r5 ¥ TRERE

E, ENS(CEZLLow-Ir5 1 FTXHRETHSD. 5[, RMFHOODPIEEICTERENSI NIZEBXHELE (Gill
et al., 1992) &, RLwI - BABRCTENINCEREXRE (Ikeda and Yuasa, 1989; Fryer et al.,
1990; Hochstaedter et al., 1990) &LHERL, BAELEMES ¥ TRXHRENEFEIDCEERASHNIC L. KEXR
Tld, MY TIKREICDOVT, BIEnRESTMELREM, Sr, Nd, HIREAHAERLEENS, EVYT
VORBEDPLERMEDEEZLRH .

2. BREER

N-MORBTHRIBIL L e R/R7 5 —RICH VT, High-I1rF - FlFLlow-Ir 51 F(ICLART, LILTRICETLE LMD
DIRB—VERL, IrEHFOAERE[Low-Ir 91 FICOHFRS5ND. High-IrF17(E, &

Nb/Yb, Ce/Yb, Zr/YoZERI M, Ba/Th(FEL). NAEMUAHERISE, M5 1 FISEVIEOWR, Sr BEHAHER
(&, High-Zr5 1 FHSlow-Ir5 1 FICTH 2 TEL HBIEAN G B . HFRAHAER (7"°Hf/"

Hf) (&, High-Zr5 -+ F(ELow-Zr5 7 FLXDEMERRG S. XLTOY MBI I XX NILTSKEE
(&, BOHTRAHAERZE TR ULow-2r5 1 FICEEIT 5.

w1 TRREDHASAGHEIE, WTFNERBDRAFiEEITSM (Fo 83-85) , High-IrF 1 FOANSE
LWNIOBEEZEL, 25tFEEBATRINIIZEENEVNEMG L TULS. Tamura et al. (2000, 2007)DF
FEAL, YVYRILWASABEFERIRELENASARS IUOHEVIVIERESTE I 5L, High-Ir5 1 F(&
Fo = 89.6, Low-Zr5 - F(EFo = 92.3&EESINZ. MEVIVHEE, Walker et al.(1979)MP1 -01 -Qtz
MOV kUTHEHELUEVIVRARERE(E, High-Ir5 1 OB RLow-1r 51 FLDEEBELE DO
(High-Zr: 1 -2 GPa; Low-Zr: 2 -3 GPa). AL AECREXRA L EBXRERNEI 7 TNEVIVEST
BLZOY RIS E, High-Ir9 1 TREDEETH D, EESOIARNSESNEBERE—RLUE.
EOERZFNRHERS I DL, M7 TOXRREF, BA—HRVY Y ~ILHSOEDBRDEV T EEAMN
REETHD. 52, ASTHEKED (BIXEHEBYIXILE) ONINOEZBVWTERBET D EETELL. L
ER>T, CNSREELDERVYY SVICERL, M1 IVIVOREREDEWNS, 707U T~
[EHVTIEXRDFBICLow-2r I 1 F, REBICHIgh-Ir 51 Y IV EERE5T VY MVAEABENREET S AlEEMH
RHd. WY1 TXREZEMOFE/NERMOEIMERXRE LRI DL, Low-Ir51FEFEIrVEVE
HRAXERSE (51-34 Ma; Ishizuka et al., 2013) (C, High-Zr5+ FI3UEERXES (27-15 Ma; Okino et
al., 1999) (CEBITBC S, BRVY HILOARHIENRL, FE-/NERNOEBRECFECRAD > TUL
OJREMERH D .

AFEKXCTIE, RZEXVIT+DOEBCNUET 2F 7 ERUBAMY I ARRE(ICDVTELRRETT 3.
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Researching of alkali-element enrichment using the SEM-EDS mapping analyses of BABB at the

site C0P012, IODP EXP 333 in the northern Shikoku Basin
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NEER(SRFZNERMOEEZ(CNIE T HEIMBA T, 25MatEL DIERZRAL. 15MatBICHEARAME T LT
EEZZXS5NTUL S (e.g. Okino et al., 1994, 1999), REMIHDOEIERXE A (BABB) (IEFREFIEHIGHE
(Deep Sea Drilling Project: DSDP)&Z558EfiSite 442~444FTEHENINTULBM. CN5D>5. 10DP Exp333
CO0N2 = CEENS NITBABBIE 7 LAY TRDFERETBEZE T~ I, ROM2015FNLFZEMERS)ET. XRDZ
FAOZREMMEOREETV. ZILAUTERODRI MEZRIE. ZEFAEERLCN. AAKRTE. &5
[CSEM-EDSE RV TEBR DOV Y EY IR ZETV. PILAYTEROSHENS ST S(CZRIEDREZT D,
(001253 DBABBIL. F£&Si0,EM47~55 wt%. MgOEM5~8 wtkDEE. 77U T3R(IIN,0/82.3~7.5 wtk. K,0M
0.4~4.2 wtsE {thDPUEERBABB L DR (LA VVEREE R L. Na,0+K,0(EADBABBE LhA, Si0, B L
T—RICHEESEED L Y RERITONRHHITH S, XRDICKD. Na20hwtsZ#8 X S 5A(CHHRAMER
S5h. FTle. Z2LOY Y FIICRLY VREERBH SN, —A. KICBEGERICIFHDURGHRASH 5N,
XRDIC X BIMMBENTRE LT RAIINRI—VHELIL TS 2o, K, Na, CaDimE7 DEENRE S C
ERE(FESND, FICTILNA SERRAREBRAELLTHED. XIROF/AI—VEHLILTUVS, CDC
®. REOHEHRERERT 3. BROVYEYIDRETL. TROBEEEEHEL T, B41 DIYEA
TOIMEDORIEZ B To

YYEVIRROBER. BRGNS LXUKDOBEANEL. (aDEEREDH TESEODTUVBC ENERIN
2o COH. RRGE TV RELUCNURAICEBBRLTUVBIEERX SN, NaDEVLWT VY TFILTE. B
BIMEFEAERTILAT R THBIM. KDBULWT Y FILIIBEROBS KUENBICADIzEEXSNBKD
BUVEEBINRREO SN, COFBRINVERRAEEZXSN. XRICLBDINURAEDODRELHANT D, CDEREER
NS, PILAUTEROEBLREMFAE 7 IV MUER BRI NS, 7L/ MEEAIZ100° (U EDER
TH#C D (e.g. Alt et al., 1986). KDERTIE IV~ BETENDVERAILAECSIEINTUD, C
DREEF. HEOEHEDEEEHRMA I S (e.g. Miyashiro and Shido 1970),

Fle. NaDEBENEZLEDIE. EROBRNSEBRI DL L. BADEBRNEEZELC NS, BEROK/
AaHRE<. BKORBICEODTUVZEERSND, ELUT. BKORBEL OTEETEIERELED. &
EHOSBENTZMEBMERICE DT, 7L MEEROZE{bERC LIz EEZX 5N B,

C0012R CHEEFHIE. 2EHRELTTZ IV ANV RBIEOEBEBDEBE TTECD. BUKORBEL DT
FICIEELDER. REBHNSHNCECBTIHMERLZ D REEXSND, CORETC. (0012SERA(LHA1E
DEEFREZ (T3 T, BKEERCLIODREARTIVAVRAICERL. 7ILDUTROBEZRC L
LRI NSD,
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