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Development of deformation with hydrothermal metamorphism in gabbroic rocks in
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Building the crust at mid-ocean ridges: the scientific ocean drilling

perspective
Benoit lldefonse (Géosciences Montpellier, Université Montpellier 1)

Abstract

In April 1961, 13.5m of basalts were drilled offshore Guadalupe Island, together with a
few hundred meters of Miocene sediments, below about 3500 of water. This first time
exploit, reported by John Steinbeck for Life Magazine, opened the way for scientific
success and operational adventures in drilling the oceanic lithosphere. This lecture will
draw from results of over 30 years of ocean drilling at mid-ocean ridges and in older
igneous ocean crust, illustrating important milestones that led to further understanding
the crustal accretion processes at mid-ocean ridges, and to refine early ocean crust
models. Deep drilling in the fast-spread crust of the Pacific ocean has partially opened
the curtain and revealed the ocean crust down to gabbros thought to represent the top of
the magma chamber at the ridge axis. Along the slow-spreading Southwest Indian Ridge
and Mid-Atlantic Ridge, several drilling and geomarine expeditions have revealed a
different and more variable crustal architecture, recflecting peculiar modes of crustal
construction. This is illustrated by drilling results in oceanic core complexes, such as the
Atlantis Massif at 30°N near the Mid-Atlantic Ridge.

There is still a long way to go to explore the fundamental plate tectonics processes that
are recorded in the ocean lithosphere. Future objectives include penetrating the entire
ocean crust and the Moho, down to the upper mantle peridotites, and instrumenting
mid-ocean ridge boreholes to monitor active processes.
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B\ CHERE X 0 BT AL MR EDRZ WA TR LTl &
FAAI CHEEDNE D Z ENR TR IND, AR T, EXEEEEEREZITR
W, Ry B ARy RAMEKENIT O~ 2 MR ORI ED X ) I Bia
ZDOMEHOMNMITAHZ EHHINE LTV A,

T IX. FIVE A o RS (R 37 B, LK Z di & 3 A gk 5 1m ol
MCIT bz, BREIZIX 7 & OWEEN 2823 (OBEM) % Hv», 2008 4
1 A ®ABGL KHO7-4 #iiyEic TRk L, 2008 4F 12 A O 27 YRIEEFUTIEIZ T
2 TEI L7z, OBEM IZ L 28HIA A2t BRI EML1, EM2, ..., EM7 &4
572, WRROEREITH 110km TH 0 . BUALSOMEIZ, JEKHE Eo EM4
VT CIEAY 10km,  [idE Tk 30km TH 5,

APRATHEH L7 OBEM (1Zi%, 2B TH 5K 11 ~H MO, B,
fERIT — & BRFk STV e, KERFIT — 2 QWP L UC, HAMEIE, JEEE
iz, BN LY RBREZEEZITV, B 3k, &2 Ry ORSRYIT — % %
137, W7 —Z D513 40-80nT, ST — 2 7> HI3E mVikm O H 22 b 73
WTE, I, MRAFFCIIRGEER ST 2 ERLEN AL, BT
T —HThHDHEHWITEX D, —F, EM3 & EM5 OELT — X0 bk, K
100mV/km ORI K & 72 B8 2T 2 W2 A b Loz, A EIOME
BrCi3fifl LaanoTz, WIS, KPS 2 iy, &3 2 A RERSIT — & b
FRNT G E AL A2 R D 5 7212, BIRRP (Chave and Thomson, 2003; Chave
and Thomson, 2004) & FEXIL 5 7' 7T A& W CH A Z1T72 > 72, BIRRP &
I, FEHFEIC R B ER & BEHIE A I BRE, S 512, remote reference
ECTEBINREAE OGO ) A XERVBRWTHEE&ED DL TR T T A Th D,
BT —HNELRWVWEMS & EM5 IZB W T, £ %EM2 & EM6 T 67
BT — 2 B Wiz, BB AT IR E AR, MITERIE 21T 72 - 7214
2IRTED BRI EEEELZHETET D,

AFF T, EEOME, GO AT HEPT SN, #EE L7z 2 kT
ERGEERES L RL, ZOMEELMIRNT 2R D,
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FAVE A > NEEVESR. AR 37 EAHEICR T %5 B AHBIEED
#KEEET[1]; FEBERIS[1]; BN &IE[L); A AL2]; BEHEM[2];
2 HRNE2];, BRRE3];, FRESZ[3]

[ TFIERERLE - B; [2] HK - HEBHF; [3] B K - HEFEM

A ¥ RHEREBICALE T 2R A > FEREREIE, mHIHRIE EE 234 14mm/year
OBIKEYERIFRE E L THLN TS, £7o, ZTORRITERITIX, WEt s
Ay MR L TRD FEICIER LT 5, 2T, BIKE, 2ot 7k
KL TWDHEE TOMBIEENCOWTEES 72O, 200841 H @ HEILKHO7-4
Leg2fifiif|Z T, AN O N THIFEZRA K OVH SAHER BEA & 520 L 7=, B
%, 20084F1H13H N H1H16H D4HMTH 5, #HHIIZHV7-0BSIZ10% T,
FAREA4 3845 7> HAAJERS Sy . HAR36EE35%) Hr 37104y DEIRICEsE & 7 A
NMZIR > THIRICEE Sz, Lo T, FEfE44E305 7 A5, HRR36430
530> B 3TEE255 DA MFFEaEIk & L7z, ARFEERTIL, BIRHIELRE O R
IZOWTHET S, 7ok, MTIC B2 R s A 13, AEAS[2008] %4 H
L7z,

EIFEIIT, BHIER O RSN REETH A Z L2 EE L, 3 K
TLIREREE AT 5 2 L3 AHEZ: NLLoc 7' & 27 A (Lomax et al.[2000]) %
Wiz, BAREGIZIE, global search T4 15T 5 Oct-tree sampling 1% % fi
LTW5,

s e ORGSR, B PN I8
Dy (R e S I FEIEC T 126 i o0 B ZRHIE

FEL TNV, £o, TOE
RO E LT, K1
2000 L0 (F A EDOHIEE DS A
| 2500 DNTHRALTWAZ &L, |
XY HPERITEZ < OMiE
DIAELTWNDZ ERFETH

B0 NBH, FLTES AL OB
4000 FAHITIZ HEER Y2 < D HEE N
wso  TELTWD XS IHEABun
%

m -1500

-3000

FETEROEE A L
R LTZ, TR, Boh
TERDIT E A ENHEE 10km
LU F OB THEWIGATICNLE
o o IZLTW5b, UL, #EKF
20 : : WCEIRDBARESTWNDEHDOMN

%<, BIRREOREIZEL
L ELHESN DR & A %< RRREOREICH

T, A%WEL T LE
B O A—OBS O E N %

2B, ZOMTIIEOIERIEETH Y | I DIGOMHARIEFICEE TH 5,
FEDD, 5% ZOMEDISITGOREINCONTHERV A THETZ N EE X
TW5,

Depth (km)
)
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< U 7 B ESERAIME D2 A b AE DS LA AR
BRI B FRK) |
/NERE (BEREZT) . FHEK (TREMERIFER)

KLEF TR~V T 56 5 O HEAANHIRIZIRY U T~ U7 FYEE L, SRR D
6000mA B %, FRICHEE R EB I3 /KT 10000m BB D1 R 7R 5 T 5 (Fryer et al.,
2003). MR SRR O & M OSEE AL L T LB L TRY . Z AU
257 DAL 5(Gvirtzman & Stern, 2003)72 & FE & IR e VR 2275 B
b0, FEL DRy URBIKEF I L DA ORER, ZOHIKIZIINALAERE
DEFENGEBIEERE O KIS DAL TNDIENRHHNZE I (Bloomer &
Hawkins, 1983).

AHFFE TIE~ VT FHEHERE SO DER IS 20 AU DA O W CRERLES, L
NEFRMT, SEDAL ARG E ATV, B EOERE RS TOADAEDRESE LA
AP R T 0B R 2 1T o7, S AR XIS IR E, SRS TR XZ
i CIERR LTz, FERAILDI T A DA, RITEEA, AE RV OZ F AR~ 17N
—IXARNTHY, PABAAEITIEEAE OFEC L BIHAL(Lmm FijfZ) 72 B L7/
MO BN YA R LT, FT, 2 TORBINIECALIER 253 CTlkY, IeEta T E
[ZVH AR, VAN TEH-T203, KEGE 6000m Rtk HELZREHIBEL TET
T ATANDRRS .

DB AT DRSS AL E [AIELS113(010)[100]/ 32— (A #A~7), (001)[100]/ 34—
(E #A), {OKI}100]/ 35 —2/(D ¥ A7) H3HeiR A, [100]3 DAL Tu 7z,

T AR RRIZ DN T, DADBAA Mg#(=Mg/(Mg+Fe)) &AL
Crit(Cr/(Cr+Al)) DB D~V T FYEHER S OD A DA HEE ~ o MVE RO BT 5%
DB AE THDHEHEES D (Aral, 1994). F7-, AL AE DREE 2774 A %
JV CrflFIFE 2 TOMIA T 0.6~0.9 ORTINIZEZ R T 23, HWW R OFEHEE
0.6 UL FOHFINAYZefld R LT, Frll— VO it OKTEE 4000m 55) TIE~U7TF R~
7 LRIFEE D 0.3 LT Ofii(Ohara et al., 2002)% 7~

BVWHISIZ DT F R 7 LIRFRE OIR Cr#s i3 52 81%, ZNH00 A6 A8
HIN(=VT TR 7) OGO THL AleE 2 R~E 3 5. £, TROHLEOREHTE
K CrHN A LN D 2 Eh, BIERIRDD A D A BROHLEIEE AT T 50
IKDFEZ TR Z T TRV LTe 2 Zmie %, SbIT, TRVLE (KEE 6000m HifZ)
DB OLIFLEIE Tl EN e @R BERA THL T FATARNDBHERS NIz, ZDZ
LD, VT FUHHEDD D A Tl OB RN AO A EITERY, JOEREClE
HOEALLTZb OISR B L > TR HL TWAOME LR, IRV EIZE L
RREZTCNDETDHE, w7 FUHE GRS CIIB R A DA E DT HTE
HLEZLND.

Sl 3CHk  Fryer, P. et al., 2003, Earth Planet. Sci. Lett., 211, 259-269, doi:10.1016/S0012-821X(03)00202-4.
Gvirtzman, Z., & R. J. Stern, 2003, Tectonics, 23, TC2011,doi:10.1029/2003TC001581.
Bloomer, S. H., & Hawkins, J. W., 1983, AGU Geophysical Monograph Series, 27, 294-317.  Ohara et al., 2002, Contrb. Mineral. Petrol., 143, 1-18

MIFIE2>, 2007, H FIHiER, 29, 615-627. Michibayashi et al., 2009, Geochem. Geophys. Geosyst., 10, Q05X06, doi:10.1029/2008GC002197
Michibayashi et al., 2007, Tectonophysics, 444, 111-118.
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~ U 7 iMERCETE L GEH IS
BERCE L LTz DA B Aser DIEERENT
BEHET), ENREAHEGHER), AHEKEBH#E), Patricia Fryer(/\7 A X)

AL, PERCEEILTH D a=h WL, By 77—, T vEa
I BRI S N7 MEBUEA L L2 A B AT OV T, i & kb AL E
MBLA, bRz fidT L, SERCEMEIL T O~ MAFEEIZ OV TEE L.

FERCETEILNE Z IV E CICRE-/NER-~ U 7 F il D A TR ST 5 4fF
BRIaHIE T 5. FEALIEEER 650km (2725 ~ U 7 FHLORERCE LB D Ak
X = VEILT, KEWITET Yy eI THS. FOMICHLIE Y T T
N—WEINE~ Y 7Tl TR b RELS, RLEWITICMVET 2MILTHD.

HHBIERORE, K5 OREN T A v ¥ 2 RIERIRRIERCA DAV A AT )
WOHANENBE SN, £, —HONABARIZF 7 3 KX Fe DAL
MNBSRINE., ToMBIIEmED~ Yy MBI CERSNEEEZILND.
BHEAIINPALAALY GHEITH Y, T 7 RFEIRIZEE LT
HEDEHoT-. ZOBEBHERITY VAT = TS ORE - IRTESE TR S
NieEZE2 D, 2D OMMESEEIZN D, UL LER S DD
B BT, ~ v SO EIRARRIC Y VAT = T RO RIEME S E
ol bBZEZ NS,

E70, DAL A DR S E RIELS(CPO: Crystal Preferred Orientation) D fif
Wra o=, vy 277 0—l, MFrvErfELIZO N TTok., a=
I NVAEIL D 2FREND CPO /X% — 0%, bEhOFRVVEE T & a diho H— Rk
ErhE R L. By T A—IUNIOWTIE, a BNV ER A2 RT X A L,
= gL E P bEROSRWBEEF 2R X A T D2 DD X A TEIRLTZ.
AT ¥ T LI DWW T, KB OFELD a o BER 2R L7z, L
L, BHEICERT D E, MF v lidalnfFcmuWER 2L o2 A7
L, alfihl bEINIZIER CEFELZ RT XA ST oLz, %&lTa=hn
WL o2k e By 77— O—FOEL & L7z CPO /& — 2 &R T,
ZD3OOWINCISET S CPO /X% — 1%, @V bEiOMREF 2L 45
AV b DL 21T 1= CPO /X% — > (Holtzman et al., 2003)IZ{LL T\ 5.

S DIZ A BRI O FHA L Mgh-Cr#fitit 2 = = J1 Vil Il & F 7 v & g LIS
ONTITo T2, =k VELO Cr#idf 0.4-0.6 THDHDIZKRIL, BT v E 0 iF
1349 0.5-0.8 & & < MBSV EIF 27~ L72. BT v & 1l Lo gy @
Cr#tz 9 iBHE, @V CPO OEFEZI/RT. ZDZ L%, Cr#fEi& CPO D4
RSN L TCWDRIEEMEZ /R LTV 5.

INSDOFRERMND, BT v E LI 2 WEILITIZ RV EER 7R CPO /X
—V LEHE, JRFHICDTE D ARV Cte o Z E RNy o T, E£ 5,
~ U 7 I Es IR R L TR Y, o MUEE A M LTV 5 ATRE
WRHDHEZEZLND. ZOZ LiFmEE~ U 7 Filo R IEE~ U 750k b
H AN SOSARIZE L TAREE R~ > M E R > TV D a[REMEZ2 R LT
D LAV,
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ko TR RBIRE R AIE E O BRI E
TN D~ MR EHBEROAERIZOWNT
FEEER FMX) , EEE EEMR), AHEK GREE)

P PG AR EPEICNLE 92 b o THEENE, dbdbR S iIc e TERER
1200km, 4 Horizon Deep Bight X1 5 m #i#8 %2 (Macleod, 1994) , HuEk
ETHRLBEWVERDO—>TH D, ZOHBTIE, KFEETL— RIS
TFA Y A=A RNZ7 U T 7 L— NZ 24cmlyr TILAIAA TS (Bevis et al.,
1995). AFERTIX, b THHEBEREAMm OGRS~ T 0 v 75 E
B~ 7 4 v 7 BIZOWTEARI A P OICHRET 5.

b TR ERAR E CO~ T 4 v VB L~ T 4 v 7 EOIFEIK 1960
FEMRPBE BN TWS  (Fisher and Engel, 1969) . & 512, 1996 4F{Z ODP site
survey #ivg & LTItz b o AHE#ED R Ly V4 (Boomerang Leg8 aboard
RV Melville) 12 &~ C, VHEEGEEFRAIR O L IREEHE b~ 7 4 v 7 55
EH~T 4y 7 EDPRIE . AR TIEIZO RLy URHE THE Lz RE
Z -,

ARETIE, WOND KLy UHED H 5 TF8, 99, 100 @ 3 HiHIZ D
THET D, ZOHMIBIT b o THEERE D Horizon Deep Bight (10866m) (2%
HUTVY. TF98, 99, 100 DA skEHE, A DA, FAWE, ZRETH
5. B HIEEWTFI8 (9371m~8194m, 19 15.19” ~19” 15.02” S, 172/

56.29” ~172" 57.34" W) OFEAREHIEZETOABAETHY, ¥F A K,
WIN—=Tx% A N, LAY TA MPRBIEINTE. 2056, LV T4 M
A MERCEL L TR Wil e v A B Asa (TF98-2) MMER® HiL7-. TF99
(7531m 7> 5 6820m,19” 11.01” ~19" 11.28” S, 172’ 58.51” ~172" 59.64”
W) OEAREHIZETIIANWVETH Y, EICREAR, BaroiEksh, £
DOMIZIA B Az S RENABIE S 72, TF100 (6345m 75 5695m,19’
03.61” ~19" 03.67” S, 173’ 02.50” ~173' 03.42” W) OAEAREHIETE
HETHY, BEL, o, HADLAALLRER STV,

O DOEAMENG b TR OGEE AR BT, T A A Rl L7z
N D~ MVE EEOEERN 2 TWD AN 5. £ D=, 5% 2
o DOEAREOEES A FIT 21T 5 2 LIk o T, b TS OREIER
HEBRRICOWTH LT A Z R/ EN 5.

5| LR

Bevis,M.F., et al.(1995), Geodetic observations of very rapid convergence and back-arc extension at
the Tonga Arc, Nature, 347, 249-251.

Fisher,R.1., & Engel,C.G(1969), Petrology and geochemistry of igneous rocks from the Tonga
trench-a non-accreting prate boundary, Geol.Soc.Am.Bull, 80, 1373-1378.

MacLeod,C.J.,(1994), Structure of the outer Tonga forearc at site 841, Proc.ODP, Sci.Results, 135,
315-329.
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Scientific Drilling in the Ocean Lithosphere : What's Next?
Benoit lldefonse (CNRS, Université Montpellier 2, France)

A key outcome of the InterRidge-10DP "Melting, Magma, Fluids and Life" workshop
in July 2009 (www.interridge.org/WG/DeepEarthSampling/workshop2009) was the
formulation of integrative scientific questions and implementation approaches that will
elucidate the role of ocean lithosphere processes within the broader Earth System. Three
equally important main themes were identified, each comprising geological,
hydrological, chemical, and biological processes that are closely interdependent.

Focusing in here on understanding the formation of ocean crust, sampling a complete
section, from the ocean floor to the uppermost mantle through the seismic Mohorovi¢ié
discontinuity (the 'Moho'), was the original inspiration for scientific ocean drilling, and
remains the main goal of the 21st Century Mohole Initiative in the IODP Science Plan.
Fundamental questions about the composition, structure, and geophysical characteristics
of the ocean lithosphere, and about the magnitude of chemical exchanges between the
mantle, crust and oceans remain unanswered due to the absence of in-situ samples and
measurements. The scientific objectives of the "Mission Moho™ proposal, submitted to
IODP in April 2007 (www.missionmoho.org), are essential to our understanding of the
Earth. Our current knowledge if in-situ ocean crust remains limited; much will be
learned on the way to the mantle. Fundamental scientific goals include:

* Determine the bulk composition of the oceanic crust to establish the chemical links
between erupted lavas and primary mantle melts, understand the extent and intensity of
seawater hydrothermal exchange with the lithosphere, and estimate the chemical fluxes
returned to the mantle by subduction,

* Test competing hypotheses of the ocean crust accretion at fast spreading mid-ocean
ridges, and quantify the linkages and feedbacks between magma intrusion,
hydrothermal circulation and tectonic activity,

* Determine the geological meaning of the Moho in different oceanic settings,

* Determine the in situ composition, structure and physical properties of the uppermost
mantle (and its variability), and understand mantle melt migration,

* Calibrate regional seismic measurements against recovered cores and borehole
measurements, and understand the origin of marine magnetic anomalies,

* Establish the depth limit of deep biosphere and hydrological/geobiological processes
in the lithosphere.

The “MoHole”, an ultra-deep hole in fast-spread ocean crust and into the uppermost
mantle, was planned as the final stage of Mission Moho. This project would provide
major inspiration for the next generation of scientists and engineers. The challenge is
formidable, and requires as soon as feasible careful site selection, geophysical site
survey, and the development of cutting edge technology including drilling capability to
achieve +6000m of penetration in +4000m water depth. The next drilling program
needs a mechanism to enable the community to move forward with planning, design
and implementation in order to complete one of the major goals of scientific ocean
drilling.
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SORA2009 MR0O8-06 Legl: & b W\ ANEEESE AW i B
RIS 72 DVL (VBVEERFZ2ER 36 BE4E IFREE) . MR0O8-06 Legl SeM\GREEMZEE

EERTIC B FEREAS < MEPERFITHS TA 50 ) 12X D MRO8-06 #itifE GEFF : SORA 2009:
South Pacific Ocean Research Activity 2009 O—B) 1%, FIAFER L OYLAAIA A
WIZBT D HES: - MIERMFLZAOBFZE 72 & NS TF U i BT 5 W iEEER BT A 8hiE o hif
REATHOELEHME LT 3 DOV I Mo bies LTCESNZ, V27 11X, 1 A
15 HERIEH#E—3 A 14 BT 4V ABRETO 59 B, BEARHERRIFRE A
BEHE LCEMSNT, OV 7 1 HilEOELBNT 5,

U7 1R 5 EEREFHAE B L, EET L — MERBLE CH 2 AR it
2 (EICF VM ZEHESER) BXOZOEI O BRI BT, S -
BRI 21T, 1) WEY L — MG SRS A T 7 A (w2 bV ER
T DUEFEHRIZ AR L OV L— MEELIRER) OfflH, 2) FHVEEO K R ~DIk
AR T T ADBIEIT L - T, KGR « #b A B =X A (EE SR HED
VT T 4 RN ERFIARIERE T T v 7 R) O] S HIZ, AU R T EL K
IZRBW AR I =R R S X OB BB IEHC L D, 3) Ry FAKR Y FORkIA
RA= =T —LOFW, 512, 4) FEFEKICIE T 2% 200 HFEIZ DO HHIEk
W5 R DB OE I TH 5,

EBHIIEE & LT, (1) MK
HEHE (v FFo—bE—2ov
AT L, BT e b oRIER)
(2) VYT NTF v RV REHERE
. 3) Ly EH. @) i
JEENLBE R, (5) JAHk
MEEEHER R, (6) 8 W
JEHUEFHEN, (7)) £ R (20mPC)

2000/2/3-6

HER IR RUBLI & S20 L7 U\ Papeet

A (Tahichi
\l’\l;a.) )

SELICLS 1 T, BRIEE H gk
%, XX—=F (X EeTF)HBEY, T
YV ZHEA M E CTOIRIESEE R
YEREEMT L. (K1) , £ZCTZ
OWFF-ERIC I T 2 F R & LT,
WEEHE . W BB, SRS == o
SOIHBO—cBN T, apg 1 MROS00 Lot BUNAE, TREEINER.
JJNE %z Fehi LTz, E7=Z DM, W CONREER S MM o 12,

INGREBIAIER & LT, KEE

REREL (EfE AT 2 W C B bR F o, KR, 5y, W AR, 71
a7 g VEOEGHE, 777 NoRED . ST R Ry MTXb T T
YU BRI HEMEAR LA MBI K - KRB, T BRI K
[T 1y )b« EORFERE &SRB A OB K& SEHE L, HERPEH D &
Ky KRR 2 JRFBH O 2 340 L7, & <R B AR IC B 1
HEBPENI DI NZ LD AWMEIZBIT 28T — X IXEETH D,
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SORA2009 Legl MOHERYFE B> 55505 F VU g DL
THBERM GEERK) . AR GEERK) . 22T (JAMSTEC)

FEoKh 46° 30" S ATUTIIUEE-UEE-YEE = EHE

LineA-M

BEERSTEY, Z OIS TTF U HEEETE K
FVHHED FIZILAHIAALTWD, ARFZE0 B I,
HAN=ZALZRATHZ ETHDH, Wi,

s PR I, B WUEEHGER B E L TV D,
MRS 22 LT, EWHIER DS HER S
TWIUE, AL > THRAIAE 200, HDH W
TR Rk TR AIATL DI, JANOWELY b
RE 230335 2 ENHERI S LD, LIedi> T,
O 0 03B BT 7208, BEICHESE 2 IR
FAATE46° 30°S (ZEHEE ) OFHIcZED
LD IEENEH D DD, e E ORI AR
SORA2009 Legl THELN-HITE - BT — & OfiF
MradTo7z, L. B2 B9 5 ko
T =X & AN F T2 AGA A TN R WO
EAFEITAIAL D ELTWAHHE (—mESS

M) T AIAA T L E o 2T, K
e 7)) =T HE « 2R 7—7F—REEHEH L, ka7
T2, TERRE R OUFEENIEAGA ATV D AR TIE, LT
HERA O IIR oS, 7V —=7 BE OB A D,
B LTI R D L /NS WMEZ R LTV D, WREDEA T
WAFTTIL, 7V —x7 5BF O 72 A 23D O Bk
mZ KON, Ok, AR IZIA S A TS,

Line A,B T TN o

Longitude(degree)
00 78 %

Profile of topography, free-air anomaly and
bouguer anomaly along the Line A, B.
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BETDAN KLY XDEEHE)
—F~—=F T4 FTA N EEHT T b oRE—
B « RIMAET - B FMR FHEXE)

Fe—F T 4 FTA MNIBETICB TS~ ~DX AT I 7 AT 5
ECTEEAREEEZRZL TS, 2 ThH, BT ok s To AL Ly
ADIATH D ERRIINTWD. FATHRICE D & B 7 eicidsfb L
EHANFEL, TN ANL R L ANGREMELTZE STV 508, FEl7R
TEE A OEF « R LIXIZ E A ERET ST en. 207, BT
v OFEIZRFIEIL, AL b L AOZERMBOZE OB T 1 A DRI D72 M
HEWRFEND.

AT, A~—>F 74474 MO e VFERICENT 5 LT

b AL b L ADZERG et Lz, ARSI E T 70— 7 ORFERERH
LR 7 A MEEOTEEHTHDH EE X LTS (Miyashitaet al.,
2003, Adachi and Miyashita., 2003 72 &) . A 7 v idmAEILICE ez, &
B3 DOBEMICXG LTz, F£7o, RHIBICEZ235 40— MZBWTHIEX %
TEREL, AN b Lo XOMIEEA & a7 A v Mg & OBRMEIZONTSE
gL, By 7 eoBEiTdb S, UPH T e TR 600m, U YA~~~ Uk
RTHI170m, U P LFTHIBE50m, TP H LA THLII0M L72oTEHY, &
LA T2 2 ENH BN o7, MERHIBFSE ClX, a0 5 km i
IZHIK o T B SN TR Y, HMIERMFEEZHNT —2 1 5i1E, Z oM< 72
STWDAGATTIZ AL b L AREFIZELS 2o TWVD D, HIELTWD &
IHMED INTWAD. R (2004MS) Tik, Ak Y 7 1 hIZHEED
KEBICENTZ L 2 A, GMEEHENT Y = r RICE km EICHBLT 5 2 &2
5, ITNHIL3~AROUFEY 7 AV MEEO/NS IR A2 £ L TV D L
O TWA, SRS FE T 7 e 0BE L LSS OBRERF L TR
HE, BEEENS BT T et S5onb Lol 2 ATIR, BT anIEw
L AP FRD D, TD=w, AT o DRBENIRICHEL b
EZAIL, WEE AL NOREGHIETH Y, BRI 7T anb o & IET
AT THD. ZORERIL, BZOLL T2V D L) R/ NBAL O 7
A MR LTWA EEZEZBILD.

T, BT T uomE S MO EZLET D7 DITIT o IAL T
DFER, AT aid—#HDpb b L RERLTEY, el TR,
KBHNZIZZ DOHZ TORERMMUER TR SN EHEESND. £, O
TRbLME LI BRIV 7 e ThHY, v— MREIREERLE T —200~
—300M FUTIC AT D Z ENBH LN o T2, SHITEMEBLERD &,
L U7 2 o m 8 UM T 7 ik, BT & Ik 7 ok CHFEE
THZEMND, HHEMHE(2001) TIRESNTEY U FA v TFHRIA X THD
& DM E ST,
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Hh~ B R R KSR 1Z 8 1T B e E g E DAL &
ZDERIZHWNT
1B E (ERKRFHRIFEIRE AR AT LFER)

IR OB R ER

H~ LR TIZRL S Av 7 B s 2 RE U T 2 2381, R
DJE = (=Axial Magma Chamber:AMC ), MEHAE & — MRAIRBEDE X &
ZNH DM Reli, BEHEEERT 25 &2 OE CEFIM A OREfR & &it)
RENHDLH, ENHD O L, Reli IXYERHEIZEKFE T, AMC HE LA OF
Bzrd (LX) . F£72, HKEEE(EPR) Cliadh £ CE®E LaE s
JEEIZ AMCIEEIC L BT —ETHDHDITK LT, H T332 2#E4E(GSC) TILIE
OMBZRT (FX) . @EtEEEE, &b oHEEIsVTH AMC %
B ULE VE1E S

AMC EE XTI L > TR E DD D>

Hooft et al. (1997)1%, AMC EEEIZEUKTEERIC X D MHARITIKIET 5 £ B %
2o WHBRIZBOUKIERZEE, Tobb 7 L— MEKICEE Y W - o3z
TRE D, MR OPNE(NB)AH DAL, LNB & O E RN E
AL, ZOLEiFWE - B X > THERT 5, ZHUT L 0 7z 22 BUKTEBR R K
IR A, BUKRDIEET H, LNB (L AMC B3EWD, KL TV D HIERIZ
T& 5%, AMC 23720 GSC Tl KO HHl b7 73RS, MEE $12200 m Th 5,
IR T L— NMEKRIZHED EWEOEN ORI > THELTET D L, ks
W D e/ IME =2 B HEGEE TH D5, 200 m/(5 cm/a) =4000yr & 725, 9
2B AMC DNEWHIFIZHTRE T, i~ 7~ B2 r—1 L&
oD, BTREDO~ 7~ {HGRORFHZHE) S AMC OmAH - Bz 726
L, AREAZEZ T Z 72 WiE - B THEEDILRT 2 L0122, 20
FER, HEREICE CETHIEUKENER S D, o T, BUKIEERDOHEIZ)
N AMCIREZ D LD TIE/RL, v~ 7~ BHGROEENEUK R DI E &
AMC DFFTELREZRH T EZ 2 b b,
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o EPR On-axis EX/SDC 1 Galapagos On-axis EX
nnnnn 1‘000 | o
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£ 4 .
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a [} e —
4 1256D Total EX/SDC 2 800 — =
g .
1.5 1256D On-axis EX/SDC z ye019mcr TaaTs M . T y=0.1256x+ 1013.6
3 o R2=0.3233 R =0.3679
E g :
w600 -
LI . —
84 o .
L] 8 g -
' = -~ 400 =
. 5 o ¥ =0.0792¢+ 185.66
..ﬂa ) Lo R:=0.6816
n & .o
0.5 = 17 e —
o . ] P o
S s .o [ 200 2
o .
B0 e T O ¥ = 0.0064x + 237,83
) - . R = 0.0011
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RYEIL S 2 B IAA T2 YETE A T — & X — ZBISMaL
KR ERE T~ A

AT, Dhugal J. Lindsay, BEEYLR], BHIEE, FIUIE (RSATBUEANERE
W7 R FEHRAE)

WFEEAY) T — &~ — ZBISMaL (Biological Information System for Marine Life)
(T, 200945 H S HEFENTIEBE JEREAE O E BRifE i BR Bifl ik o~ % —  (GODAC)
IZBWTAB &2 iR 7= <http://www.godac.jp/bismal/>, Z D AT Ak, HEMED
WERA IRV TRl S o g - g, MEER, o 7R o Rk
T RXR=R L RSN TWD, T2bb, BHEOT =2 =X bR
FMHCEET 27— 2O L TIRRT D22 EICR Y bbb e ShieT
— A RXR=ADEITRZ DN, BEROT —F X=X Z 2 TR —Z LA T
5,

JAMSTECHFFFHA D 5 B HIFEA TITAH 1600-2000/R5H D &7 A Wefg 2350
FREXNTRY ., FiEMmG T — X X — X <http://www.godac.jp/portal/>F J OVFEHE £
T A X ¥ A & <http://www.godac.jp/vcast/index.html> & L CTGODAC% 41 L CJIAYK
NS TWD, T—F_X—Z2 L TIBOHREDOETAF 2 v b (B
RealPlayer, MPEG4) LG L ChZenpd, METHOIITEWE OG5 1
JITARNTHILNTE D, ZORRBEIERDN D, 20099 DR RT
BISMaL | Gl gk S A7 AW FEA00FEIZ DV T4 DB T — # AR S
TWDHDS, ZHUTIT i, B AR, SRiEHs BREGUE O A 722 &AM
WEfE S E L CRIFFICHE CE 5, ZNOOT —F 2l 5 2 & THESAR,
ITEVERE, AR R EAMIT T2 LT %,

BISMaL 7 — % {3 H ARFI G JEL 5 & VEAREFE DM A AR L LTV D,
BHIZRED X208, Zb DT — & ZEEMERHE Y v 7 F A Th HCoML
(Census of Marine Life)?OBIS (Ocean Biogeographic Information System) % 72 GEO

(Group on Earth Observation) ®—E C#& 5GEO BON (GEO Biodiversity) & i
B LOIAT L LICED . BEFED D WVITEEK L~V TOMNT N ATREIC /2
%, BEIZ, 29 LIEFEREMEOEER 7 v 77 LTk, EmSaitt L EBR
DE=H Y 7 LT —H DRERIIFNT ARk 2 7 L~V THRIE STV D, &
) & S ARYEIC B D 2 BEITxF L TE S DR 2~ T 572012
X, WEBIGICH A ENEE & 7 — 2 X— A BT & DT D5 & O
FIREENMETH S,


http://www.godac.jp/vcast/index.html
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KigBUBERKEIZE T 5iBAREPHMEDEED TIBFHFENT
O iEnl, EZHMF. MEEE. UFEPHAE (RRERKXSE)
NTO5-16 fin@EmHRE—F

(&% - BM) a5, BEHKEOMBRREFOMENOFENHLMNIZE
nN22H5%, 2001 F£H 5 2002 FI2MITT, BEBERKROBEFITHS
KEEBILIZEWT., BEEANTLEON., TOREEIFLLO SRR L ZREDEY
HIRL 2R T RN = (B X 1L Higashi et al., 2004; Nakagawa et al.,
2004; Kato et al., 2009a) , LALAEA S, BKEEENLEBKESHE EITHEL,
BN RATOYMEBIEZMEEIIFMICELRT S, TNIZIE L THEYEED
Tk HEFEIND, HMBRARAEKTOMEMERRET., FMALRAT—ILES
OHTEMT H5-OICIE. MEYHEORFELEZHAONITINELH D, K
7R TIX. 2005 F(Z/KEEILEKE THRIL -BAIFLRA S OMEYEEE
BASMZTHIEEZBNET D, BEDT—F LDOLEBETMS., HERAME
MBEORBFELICATIMRER[LIENTETILHLEHFIND,

[#3%] 2005 % 10 BIZ. LAMLY6500 #AWTHREIANSFEK LIz, FD
HAHPOREAKZE. METIALE—EHiELEDOL, EOT 4IILZ—M 5 DNA
FMHE LTz, MHEL7-DNAZEHE L L. 16SIRNAEERFEENICLI-TSA
Y—%RAWVWTPCR Z1THL, TOBWEEMEIO—=2F Lz, TDE. 5
DELIGEAEZ) O—VDIEEEANEIRE LIz, TOERIZES LIZHTFRIEE
IR (FERIMRE. REBHMER. 7 5 X2 —@Hth) I2T&->T. ThERME
DMEMBHEEREZHRMEZTRRTz, S oI, EEIFLEVKDOMEMBFEMERK
DHHEMZFET 57012, FHIIRERN (RIEYEER. B, 25, XA
EHFLEVK, BdiEK) bERL. RKRICHMEMBEERRZREL -,

[#R - B8] EHASEAAI S E. KEXREMED Alteromonas B+
Pseudomonas & (y-Proteobacteria) . Ralstonia )@ (B-Proteobacteria) (<
BGIO—UhZHEoNT, & L TRABREHEM I, SUPOL &
SUPO5 4’ JL—7 (Sunamura et al., 2004) >, a-. &-. 6-Proteobacteria, Z®0
OMIZET 57 0—UhZHEB O, MEVBHEDOLERBEROHER. 4O
D56 2 DOWHIFLEAFR P OMEMFEMERKIE. ARREHABOENEIETHS
MZIBLGBIENTRINT, COFERIT. HBRARAEDIZITFEOMEMHE
NEEITDHIEEZTET S, SHIZFK., 2002 FOHEHIFLERMN S 1L
Thiomicrospira /& (FREERIEE) AEITHRE SN TULV =AY, 2005 FDOEHIFLE
HEMSRFEAEREEIAEN STz, ZOEWVE, BEOERER (BREKEL
BEAEEYE) REOEEERMLTWSEEEZONS, EEAXUTFH LSO
HiliaRARKEOEAIFLAKDOMEYBHROREEL W15 . L=
K5 MERZERLTULVS (Kato etal., 2009b) . CDHRLEHERBIELEN SR
FEMEFTAROHMEMBE~DEIL. BEEAICE D THELEINIRER
EIZHES EDTHD I EEZ NS,
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KT09-16 i H — P —F B F 7 7 0K S — b —
WRRR. WIBE. BHET CERH®R) | BREE GERAER) . BB,
UG (BaK) . ARHEEEAES, tikmil Gik)

[E#E N7 7 ClE, FHUSIRE, Wi n, NEL LT 2L, FE4
WEo, G REACEE ., FEA T IS W TR IZ X 0 R KB K R DGR S
NTWS, N7 7 OBUKRITMOUHRIZ N A& R BILRFRITE T
WO B AEEON, RN T 7RO 2D 0BUKEEMTH ., EHEUK T o1k
FRTOEHHBUK O KRS B2 D Z MBI T WD, — 5., RIEEK T L —
LHFTIE, BUKICH KT 202/ & O DAY 2 Rl & 3 5 EWAERE A
DHEE I TER Y . MAEYE R D EDHE A e _EEHEINT 5, IR R )
ST 28KD 99%LL BT AKFICHEHSND Z et Bk L—Aho
TRAEBEERAE L, FrICBUK DR E A A & K32 2 & 38 b T
S>T&, £2C, AHiETIE, MEUANAOKSICHERL, MM NT7 70
K& RBKGRICIER SNDEUK T N — LT 28 U T, A X 0K FE R EHEL
KYA N CTRARA 2 OBOK Sy & AEMRHE O BRI 2 Hfs 3 & & 11T,
KT05-26 vkfifive (AEHEIER) Lok, WEFEICRHERREEN KD > TV
MR N T 7 ORBEENFRIZRBIT DBUK T V— DA EIT o T2,

[FAAEE AT, 2009 4 8/24-31 (Z/H ) T, MU GHRE, My L, NEIL
BT TR, HRAMEROBEMBOKGR & i, 5 e,
TEEEL, BET 6 Hicil LR TIC L v RRSNIZOPFRAER ORI H
HANT THIAZOWT, CTD ICHERE, pH B> — ORP Lo ¥— <
Tow-yo B 2475 & & bic, T u U —=AF KT L DEK LA,
WA T 28 7o BUK 7 v — LA 21T - 72,

[ R] 2 E TIAFEDRH B 0T 72 o TV D BEEVK R TIZBUK 7 L — A 03
iR EDNTA=Z =IZX VAR Sz, 2, BB L= hilErL T
X, BRIV —LEBXONL B =l XD BEEIZRWEER)NoT2, 2
NODOBUKT N— D5 & Gbt, BHERITZED TWD | Sg ¥ —7
— % BKEREFE WAL, AR T OFER L L BT O R A
H L2,



