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Geological structures controlling hydrothermal circulation in the Iheya North
Knoll, Okinawa Trough
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Seismic reflection data around the Theya North Knoll hydrothermal field provide insights
into geological structures that control subseafloor hydrothermal fluid flow in the
sediment-covered continental backarc basin of the mid-Okinawa Trough. We used 2D seismic
reflection data acquired along 54 survey lines recorded in a dense orthogonal grid during four
cruises. We identified the seismic expression of widespread porous volcaniclastic pumiceous
deposits and intrusions as a result of silicic arc volcanism (Figure 1). The porous and permeable
volcanic deposits distribute in an area extending updip from the thick succession of the deep
trough to the seafloor at the hydrothermal field. Their regional structure focuses the flow of
hydrothermal fluids derived from the surrounding trough-fill sediments and directs them to the
vents of the hydrothermal field. The high concentrations of CH4 and NHy in the fluids of the
hydrothermal field are likely derived from the interaction of migrating fluids with trough-fill

sediments.
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Figure 1. Model of the hydrothermal fluid system around the Theya North Knoll based on
seismic profiles (Tsuji et al. 2013). Fluids flow laterally and updip along permeable pumiceous
layers within the sedimentary sequence and laterally along basement faults within the crust.
Near the knoll, fluids migrate upward due to heating and are then trapped below the
hydrogeologic barrier and flow beneath it to vents in the hydrothermal field.
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Bathymetry and undersea feature names within the Okinawa Trough:
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Occurrence of hydrothermal minerals in sediment collected by IODP Exp.331
from the Theya north Knoll, Okinawa Trough
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Subseafloor temperature estimates based on limits for microbial habitability
beneath sediment-buried, hydrothermally active vent
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Lithology, constituent mineral, bulk chemical composition and comparison with
LWD of the drilled core samples obtained from the CK14-04 Cruise
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Lithology and physical property of the hydrothermal deposits estimated from
logging while drilling deployed during CK14-04
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Occurrence of sulfide minerals in the drilled cores during the CK14-04 Cruise
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Occurrence and formation of Kaolin minerals,
at Theya north Knoll, Okinawa Trough
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Igneous petrological features of core samples from Exp. CK14-04
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A MRFRRZ R L, PIAER KRR 2 7% L CuZeun, o8 R TIREE IR (B & o U IR BE i
B OMHERFIAEEZ T B EAOBMEDENITRD L, WEIIT T AETHH.
/NI AL S0, 72.29-T4. 79 wthZ R I IRBCEMAL 2R LU, SCHRIE & 0 431k L 7= 1) &
R E L BT, FOMOERE ERS T FITMART IR N T T OWBCGEED L2 RIZ
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NI ALHUT HIMETLE Y= - FHEEZRLTEY, ZROIERIETH D & AR
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@k : Shinjo, R. and Kato, Y., 2000, Lithos, 54, 117-137.
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High altitude 3D visual reconstructions of the Iheya North Field

Blair Thornton * (B KZ). Adrian Bodenmann (BRI KZ).
®®H MAI GERKRF). FiE 7K (JAMSTEC)
B. Thornton” (The Uni. of Tokyo ). A.Bodenmann ( The Uni. of Tokyo)
K. Nagano (The Uni. of Tokyo) ., R.Nakajima (JAMSTEC)
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DC resistivity and controlled source EM survey for hydrothermal deposit
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Detailed acoustic technology for exploring hydrothermal vents

BH B GRRRZEAERMIERT)
Akira Asada (IIS, the University of Tokyo)
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Noho hydrothermal vent site, a target of next SIP drilling cruise

'BIBE— (JAMSTEC) NT15-02, YK15-05, NT15-13 fii¥EEAEE
Junichi Miyazaki (JAMSTEC), NT15-02, YK15-05 & NT15-13 on-board scientists
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Fluid chemistry of the Noho site

JIAEA", ERER 7, HEAEE. BERE—. BFEY. B,
= AT (LU JAMSTEC) . #BAEM, VB FF. ABM— (M ELX)
KAWAGUCCI Shinsuke, MAKABE Akiko, SHIBUYA Takazo, MIYAZAKI
Junichi, MATSUI Yohei, OKUMURA Tomoyo, TAKAI Ken (JAMSTEC),
EBINA Naoya, HESHIKI Sawako, and ISHIBASHI Jun-ichiro (Kyushu Univ.)
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NS CLAM A B (gamo et a1 1001, s &, HIBRAGIZERE L TWA T2, 1 A BUKIBICE ©
% EEZTOD (akamura ot al, in press, Geochem. J.Jo

KRBT T2 LE ) NT16-02 v (FTNFIE) 38 L OUNT15-13 #ilfE (—HRAEE)
IZBWT, Wity INAR=RL7 ¢ ) BRICEVERLE, BukEkeas s LT,
NT15-02 CTIXITAED FEFT T o 72 WHATS =2 (spegusn ot a1, 2006) 2> NT15-13 TIXHT 72 IBE L
72 WHATS-3 %, ZiLENHAV 7=, WHATS-2 |Z 150mL BAEDERAKR bV 205 4 ARITH L
TWD T2, AR T & T 2 O 2 Kz R TN RIER 57, M
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RN BH 5Tz, £ Z TWHATS-3 T, 20mL 3 XU 55mL FFEDEKA bz EINA L 7=
4y FEWHNCRET DI LR, 1EMOLEY AN Zt5 s L - TR
DM AIRBIZ A o T, F UM KOBRBUSIIEREA Y = A X KGR E AW, %
FEAHICIZ N E TICAE L E RO FEE AV,

B A N OB, RS 7 OBKIEHEE LTHELT (529 T
Ho, LTz, CLIEE (665 mM) 3L Fe #BEE (750 uM) 1%, 78 b7 7 BUkEHI
W ERETHD, T 95 LILFMEER ORI, Wil b7 7 BUKBIRIE ERIESZ 7 20K
% (K 1600m) D7l b7 7 #UKBLHIE iR Ch 2 IR (338 B, [FIAET
DOPRITITY) THDHZEICHEKTHEBEZLND, LV BIBOAEAKISREUK DAL
TR E XEHL L TWAD 2 & (Z L TEBICBRENE W &) b, 2L 2 I3kERE
23 311 FEOFFERALBKI & o, K08 - 87 - diER R EUTE A TSHLR DRI T ISAFAE
LTWDZ ERIfFSND, 72720, N7 7 O®IREUK T OMEITLRIREIZOWNT
%, FHERIECTORERE, REMESEETH D, [RA AR -EK L B2
IKPETE BRI SRR ] & W 9 bR 7208 B ORS00 B 8RR R R i 2 i 489 5 7= 0 D Bk
ORI E TR N (2 BT 28KIER L OBEHLERIE OfESr) 23, BIEDO L Z A
HKRKOPETH 5,

YA BOKIEND 39 A+ (B - & F - CLAM) kBl z 22 LT, W
1A BRI OURIE T T Z DL SHED 2 WIFBUKERERZER TE 20 b L
2V, L LINETOEZ A, SIPHIZ R I H Y4 N CHEP R Z FE
fEL TR, I +0RT — X326 TELT, ZTNLA5%OMELE V2D, T
FTIZZ DN T —ZIZIRIUL, A X DRFBENARLEIZOWT, BFH - & F 3« CLAM
DZFH T, TNEN-27. 4%0 + =32. 6%0 * —41. 2%0 & R ZE VAR STV 5,
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Uppermost mantle structure in the western Pacific convergent margin:
a quantitative study of olivine crystal-fabrics

EA TR (K - JAMSTEC/0DS) .
BEAFFAE—R (FEX - B2 - HMERBFE)
K. Michibayashi (Shizuoka University/ JAMSTEC ODS) and Lab Members

Fp i KA H R ER B 2 RE MR R Tl INFETIAY—F T4 4514, H
AINESREDD N > T 2%, SHEHERSHO~ > MVERED T AN T A
DG HIEREHI(CPOYERT L TEZ, ZNEDH T UEEF. )V F T4 T4 b
71> VAR (M04, M06, M13,MO13). (2) 847 > 2% (H11G). Q) Wl > F A
(M07, M09, H13) . (451 > T > EHEEMO6I, M09A, S10, S11, HI1, M12). (5) mEZERL
DN T EK (TO8, MIDD 5 DITHES NI,

CPO T — % O M7 RATIZIE, CPO EH > T o ADOHMERE EBEICL> THEI N
% PIREE(Vp)D 3 RITHEREE NS 3 DD Vp il (Vp,, Vp,, Vp) A LTz, Vp,IdEK
Vpla. Vp;id&m/hVp . £ LT, VpldmK Vpla & s/ VplEZa DA MITER L ZS
LD VpETH S, RIT. T35 3 DD Vp iz CPO N S HEGEEI(x ) I8 S/ T(Va, Y,
Vo)E LT, y=Va/V,x=VIVz TR®O = (x, y) % x-y BRBERERIT R LIz, & 512(1, D& A
ELTRDZ(x, ) EDAEOE CPOMSEIRINDS Vp BRAGME(%)EFi>T, hIa
DG DR E Uiz, T OHEDFFMITEIRQO01S, HIFHEES) Z SRS 720,
AWK TIIZO L THESNEZT—F 2RI L TR EI~ > MV A S A ORGSR
MEERT D EEHIT, FERTHETEIS NGRS R U TE R 2R Z i
#A 7= (Michibayashi et al., 2015 EPSL under review).

S| Ak [M04]: Michibayashi & Mainprice, 2004, Jour. Petrology, 45, 405-414. [MO06]:
Michibayashi et al., 2006, EPSL, 244, 695-708. [MO06I]: Michibayashi et al., 2006, GRL, 33,
L10312. [M07]: Michibayashi et al., 2007, Tectonophysics, 444, 111-118. [T08]: Tasaka et al.,
2008, EPSL, 272, 747-757. [M09]: Michibayashi et al., 2009, G3, 10, Q05X06. [M09A]:
Michibayashi et al., 2009, GRL, 36, L12305. [S10]: Satsukawa et al., 2010, GRL, 37, L20312.
[S11]: Satsukawa et al., 2011, EPSL, 311, 172-181. [H11]: Harigane et al., 2011, EPSL, 302,
194-202. [H11G]: Harigane et al., 2011, Island Arc, 19, 718-730. [M11]: Muramoto et al., 2011,
PEPI, 184, 14-33. [M12]: Michibayashi et al., 2012, Tectonophysics, 522-523, 218-223. [H13]:
Harigane et al., 2013, EPSL, 377-378, 106-113. [M13]: Michibayashi et al., 2013,
Tectonophysics, 587, 79-88. [MO13]: Michibayashi & Oohara, 2013, EPSL, 377-378, 299-310.
TEARTEAA, 2015, HIZEHERE, 124, 397-409.
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Peridotites outcroppted in the westernmost margin of the southern Mariana Trench
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Shoma Oya, Katsuyoshi Michibayashi (Shizuoka Univ.),
Yasuhiko Ohara (HODJ/JAMSTEC), Teruaki Ishii (FGI),
Tomoki Mizuno (Shizuoka Univ.), Kazutaka Mannen (HSRI)
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Study on tectonic background of Irabu and Tarama hydrothermal fields using
AUV-based acoustic survey

MHERF, BRHEM R KRFERRMEFEH)
OKINO, Kyoko and FUJII, Masakazu (AORI, The University of Tokyo)
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AUV ESIRETHLFRE - ZERMABKROER & BERKX
AUV URASHIMA Magnetics at the Tarama and Irabu Hydrothermal Fields

EFEE T, WHERT CGERMEHE)
Masakazu Fujii, Kyoko Okino (AORI, UTokyo)

Magnetic mapping is of increasing interest in studies of seafloor hydrothermal systems
because such data can promote the understanding of the location and spatial extent of
hydrothermal alteration zones. Previous studies reported both reduced and enhanced
magnetization at hydrothermal fields of different tectonic settings, suggesting that the
destruction and production of magnetic minerals are controlled by geological and tectonic
background. In order to characterize magnetic response of arc-backarc hydrothermal systems,
we investigated two hydrothermal fields of the southern Okinawa Trough. Near-seafloor vector
magnetic measurements at an altitude of ~80 m were performed on the Irabu and Tarama
hydrothermal fields using an underwater autonomous vehicle URASHIMA during the R/V
Yokosuka cruise (YK14-16). The Irabu knoll is located on the axial area of backarc rift and
consists of basaltic lavas. The Tarama knoll is located between backarc and arc along with
dacite to rhyolite. The amplitude variation of observed near-seafloor magnetic anomaly is
extraordinarily larger at the Irabu knoll (~12000 nT) than the Tarama knoll (~1000 nT).
Sea-surface anomaly also shows larger amplitude variation at the Irabu knoll (~760 nT) than
Tarama knoll (~460 nT). Rock magnetic analyses of collected samples from these knolls
revealed that the basaltic lavas in the Irabu knoll carry much higher natural remanent
magnetization than rhyolitic lavas in the Tarama knoll. Therefore the difference of magnetic
anomaly amplitude should be caused by the host rock variation. The distribution of crustal
magnetization estimated from the magnetic anomaly obsercation revealed that the Irabu and
Tarama hydrothermal fields are associated with reduced magnetization, as seen at some
lava-hosted hydrothermal sites (e.g., TAG, Pika, Hakurei). These observations reflect locally
altered up-flow zones formed due to hydrothermal activity, because hydrothermal alteration
processes destroy iron-titanium oxide minerals (titanomagnetite), which carry magnetic
remanence in oceanic basalts, and/or accumulate thick hydrothermal deposits with
non-magnetic minerals. Comparisons with detailed bathymetry and magnetization distribution
of the Irabu knoll displayed that the magnetization low were located along with the rim of

cauldron structure, indicating that hydrothermal fluids rise from the deep of the caldera fault.
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Extremely young stage of the Iheya-North hydrothermal site, Mid-Okinawa Trough,
constrained by nonlinear downhole temperature profiles and surface heat flow data
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Drilling, submersible, and surface data suggest that an enormous hydrothermal reservoir with a
horizontal extent of ~1500 m lies beneath the Iheya-North hydrothermal field. Heat flow exceeded
10 W/m? within ~500 m of the Active Site, where active chimneys vent high-temperature fluid. At
the Active Site, drilling encountered high-density (hard) layers 1-2 m thick and up to 90 m below
seafloor (mbsf), and drilling through these layers led to hydrothermal fluid emission. Measurements
of thermal and chemical discontinuities strongly suggested that a hydrological barrier confined the
hydrothermal fluid below. Eastward in the Western Basin, heat flow was up to 0.5-1 W/m?,
substantially higher than the regional average (0.1 W/m?), although the surface morphology showed
no sign of hydrothermal activity. Farther east, where the seafloor was flat but rough, surface heat
flow values, including at IODP Site C0017, were much lower than in the surrounding area.
Subbottom temperatures above 40 mbsf at Site C0017 indicated that the heat flow was consistently
as low as the surface values (0.03 W/m?), but temperatures increased to 80 °C below 60 mbsf. We
used a 2-D time-dependent hydrothermal circulation model and performed simulations with and
without the assumption of a hydrological barrier below the area from the Active Site to Site C0017.
Simulations with a hydrological barrier with permeable windows below the Active Site and Site
C0017 reproduced the observed hydrothermal conditions between 30 and 300 years after reservoir
emplacement. Simulations assuming pure conduction or a continuous barrier could not reproduce the

observed conditions.
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Fig.1. (above) Heat flow profile, (below) simulated temperature and flow across the Iheya-North
hydrothermal site.



WRVEHER (L& E S 04) 2B 2ERKILED O LLIRFEE

FHEHLY BT (FRXRERZRBEEFER)
Rob Evans (Woods Hole Oceanographic Institution)

SR B DO BRI ATCBUK D Y B & 2R DFBREOE VG A LM T 2 &
X, MEBUKROBOKDIEER A 7 — /BB EZ I O NNCT 27 OICEE TH S, H
XN DFE A OD RT3 R0 it N O T AR EE 13, VR 7 o HEARPUIE IS B 5, AR T
(X, MHEBACRD AT 2 FOREEE (A9 EES 043) 12V T. WHEHIEE O
ARG 2 HEE L, sl 5 C O MR~ DMK Ot « W E T &2 HEE L7z,

W HUR O O LR U EHEE 121X, ALEREEZHWea sy her—r Y —2ED
—fiTH D MMR ¥E4 V7o, BRI, s &4 37 9km UJ7 o 200 @EET T
EDWHG B AT L. £ OEIIC & > THE S L2852 10 1 OVJERE )G TRtk L
7o 1 WOCHARGURRIE 12, BIREE AR S WEISRE 150N & b ISl R & D456 Ol
T DIHERHNTRES Nz, ZORF, B N7 7 4 —IZXoTHEESI D A
VR LY XOES 1500m & 1 OB &RE Uiz, Wz o 3 oo b ikbirk s 2
HEET 272D ITBES B 2 B Uz, Bel R 3B S ey 7 — 2 SHEE L7 1 IR
THBEFE T CEE LEBRICE > THESNLIMEDETERT 2, FHFT —
ZICxt LTS RE 23R L, MR E~ v 72 Ek LTz,

WEREEN ECHUS SN T — 2 0 DHEE LI B E AR A o0 1 IRt ek hia i IE, 3
DD THEINDILERH D, 1 OOBEEAORE ST, HEFHICHESNAL TV IR
E 100m DAV b L REHEE 1500m (A L7z, EO/ERIE. 18 HPE S 800m
T4Q m OEWHIESEAFF S, 28 HAE S 700m T49Q *m O &EWILEHUE A |
3EHMN0.1Q m, 4/BEN1Q -m LleoTc, DX D RIIRUEGEIL, — K72
e OREE (18 B &V RIBRE %2 £ basalt J8, 2 JE H:dike J8) L EAMTH Y,
BB 2 R basalt EOE X728 800m ThHh D Z LN uhotz, BiGERE~ v 7
53 WIS 2 HET 20, 74V —RET U U I L DB EEIT o 72,
Z OFERIT, KPS FAET DA ICIEOME R BHIERANFET 2 HAIC
B ORGSR 2o Lin, ERMEEEIC 2N S OMIENIFET 25810, N0
FraZitsETh, HIEURETADOE FICIER)ORIGRE RGN, Z Ok
RN OB~ v 7 OB T BRSO LRSI M 2R L TWD Z LB bh
STz, AWFFEREIR ORGSR ~ v 7%, VEsEE b o EEIT /N B FOIRIS 72 o T AR LR GURE
I & S HRPUEB O AR 2 R LTz, Z ORERD B KR EHBIC A - LT
BT B R D @ W T 2 HEE LTz,



EE~ U 7+ T 7HEEKRAEDOFREM 2K &
T B & DXt

AR (FHFERFE), MERT CERXZBFEN AT .
AT (RAKRFRER/ZEEROER) . B (HFEXF)

HEE~ U 7 ) hF 7121% 5km OFIFHANIC Pika, Archean, Snail, Yamanaka, Urashima
VD b ODEHE L - BUKME IR FIET D, AL TIZ 5 DOBUKE gD 9 5| 3
INYE K Eh AL E 35 Snail, Yamanaka B b JE OFEHIZ2 KX (0. 0017 =2m
D7V RIERR) 21k L, BB DIRE ST A& 5, #iER EToBok
WE HH FLPBOK MEHERE ) D 0 A 2[Rl E L T2,

KD T — 21X YK09-08 fitifE (2009 ) 12T, RIEKSHIERERK 20 LE ) I2#H
I TWHRvLTFE—LAHEEE AW TEONET — 252 L, £ 7 2k
. B NEEFEM T L A2 6500] T YKO3-09 fifiyF (2003 4F) & . YK05-09 i (2005
fE) TR SIUZEE 10 B O OB G 2 HEHR LT,

W HIZ X & VER T 5 B8 AR CHBICBE O N TV A HIERFRI U Th 5 &)
HECHFMIESE 21TV, AR EEROHER 2 EKR L, BAENIIE, v—1Aao7
NEHIERE -0.8° ) & TH B LE ] OMEOKRRTIL(5. 0s D) DMIEZITV, B
HIFR CHOBIZ R SN D B M 72 i (Bl 21 REmEnias )RNERD X HICH
MEENL (A TBELZ 20m), FHBOMENEZBEREGDLED Z LIk, HEWEK
EEROHTE 2 ERR LT,

TERL L7z I 0 HIE R & e B 803 3 DR b5, 1) sREHEROALTEIZ 250 Wi
DROND, Z OWEOEmITIERE & EIE AT m, dbdbR-BEmElE o Fm T, %
ZIBEnOEONL ImBEO L DE THAET D.2) K/IMELX I~ T RBMFEET 5,
~ 72 RIFERENZIR > T6 DI EIWATE Y, ERITZEND 200~300m FEE 223, &
SFAEED 2 oW m FRETHH DI LT, BEIL 10~26mFE &, LKV v
DFHFMNEVE, 3) W OhD~wr RTRESCHREMEN R NS, BEIIMEED
v RTELS AL ZOES IR HnfRETH Y EHEIL ImEOEENS 5,
Fo. BEND Snail YA b TIEZHOBEHRBOKOERIZ L 5P 0 A2 HRTH 2
ENTE, R0 2 EOEMHALE RS Z ENTE T, —HITHEBWER
S HFLE O IR D72 > THOM L TV AEHILTH 5, b 9 — HFITEE DS A
DENHNLEUKNE X H L, A EHORMAED 25 X 2 ik WAk D LA
SND L) EHFLTH D, Yamanaka YA P TIIEREIIHED ARond, BHEEXH
EFVEBH L TRV EIICAZDIEIE n BEOTF A== 267, EH
TVWAHKIFADLALE>TWDEH TR A, ALHOEHLE D & ZDENEFH< |
HEHT LN TV ELHLTWD LD ICR AT,

IR & B S| Snail A MIFEKE & EATICWA THOMTH~ 7 ROEEIZ,
Yamanaka YA MITE EICMELTEY ., £EKY A FEORZDOFEDTEIZASN DL
WIEHE DAL HIERIZ I W CTHERE & EATICWE A T o~ 0 v ROME & X<
—EHT DB ENbNroT,



MR N T 78K OESA % A7z ESR & O JE P82 L 2 FEREIE
Dating of barite in sea-floor hydrothermal sulfide deposits by ESR and isotope
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Comparison of B-Li-Sr isotope ratios in hydrothermal fluids: Okinawa Trough
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Subseafloor hydrothermal circulation pathway inferred from fluid trace elements
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