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Elemental Mobilizations during Hydrothermal
Alteration of Oceanic Lithosphere
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Abstract

The hydrothermal circulation of seawater in the oceanic lithosphere is an important factor
controlling seawater chemistry, compositions of subducted materials returned to the mantle and
microbial activity. We summarize the results of hydrothermally altered rocks taken directly from
the ocean floor in terms of major and trace elements combined with petrographic descriptions.
Hydrothermal circulation starts at the spreading axis where magmatic heat from a basaltic
crustal formation is available (high temperature of > 350C). Low-temperature alteration (<
150C) may persist for > a million of years through the ridge flanks. Due to ridge flanks occu-
pying large regions of the seafloor, changes in chemistry, mineralogy and physical properties of
the oceanic lithosphere are accompanied by geochemical fluxes that may be even larger than
those at the ridge axis. Two deep drill holes, DSDP/ODP 504B and 1256D, allow an examination
of downhole variations of hydrothermal alteration in basaltic rocks, and dolerite in the extrusive
and sheeted dike sequence. Recent direct sampling from the ocean floor reveals that gabbros
and peridotites crop out in significant amounts on the ocean floor, particularly in the slow-
spreading ridges. The chemical behavior of these originally deep-seated rocks during hydrother-
mal circulation thus has a large impact on global mass budgets for many elements.

Previous studies on the ocean floor have been mainly conducted in the Atlantic Ocean and
the Pacific Ocean. We present our results on hydrothermally altered basaltic rocks, gabbros and
peridotites recovered from the Indian Ocean. Basaltic samples dredged from the first segment of
the Southwest Indian Ridge near the Rodriguez Triple Junction are classified into three types—
a fresh lavas, low-temperature altered rocks and high-temperature altered rocks. Petrological
and geochemical features of these rocks are basically comparable to those of the basaltic rocks in
DSDP/ODP Hole 504B, which suggests generalities in alteration processes and chemical ex-
change fluxes during hydrothermal activity across all world oceans. Gabbros and peridotites
were sampled from an oceanic core complex, which was composed of tectonically exposed foot-
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walls of detachment faults, from the Central Indian Ridge. Less deformed serpentinized and gab-
bros were recovered from the ridge-facing slope, whereas highly deformed schist-mylonites of a
mixture of these rocks were recovered from the top of the surface (i.e., detachment fault). Effi-
cient localization of strain was probably due to the formation of secondary minerals (e.g., talc,
chlorite, serpentine) onto large, discrete shear zones where fluid was introduced locally. In-situ
microanalysis of trace elements of the primary minerals and their secondary minerals revealed
that selective elements, such as Rb, Sr, Ba, Pb and U, are enriched in the secondary minerals. Al-
though oceanic core complexes are places that allow cross-sectional samplings of deep-seated
rocks (i.e., gabbros and peridotites) in the oceanic lithosphere, we should keep in mind the im-
plications of the results for the normal oceanic lithosphere. To understand the nature of the oce-
anic lithosphere, a close linkage between the ophiolite study and a number of deep holes in the

oceanic lithosphere, including a deep hole through the crust-mantle boundary, is required.
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KB T AV F =D WERBIICB W T, #Huk
W LA L BOK R OWEAF TR 2 A L 720658
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et al., 1979; RISE Project Group, 1980; Kelley
et al., 2002; FI - findH, 2003) . WIRTOHIA:
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7.1%, Nakamura and Kato, 2004), F 72, Z%
TERIZ & o T, ALAHRIED ) T L, %
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1969 ; Miyashiro et al., 1971) . H1Y& 48 Tl 24
HRIEBRRDFEEL, KBGO 7% WK TO
ERERDHFEENH SN R 5722 £ T (Corliss
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781%, RA2OERAEDTE L, LrLads
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23N TL BIToN, KRR T ORGSO EE
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and Wheat, 1994 ; Wheat and Mottl, 1994 ; JE [,
1995; Von Damm, 1995), C O FI2IE, i
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0, FOEIIEKIGE L 2EOBEZEET 5
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LWFgEHD e SNTE Y (Bl 21E, Anderson et al.,
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EETWLONEHL T HERADFT BT
% (Dick et al., 2000 ; Wilson et al., 2006) o
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son et al., 1968 ; Miyashiro et al., 1971), 2115
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THBY (L% - 8K, 1995), LMK 25
X, O EHROADVMZ 554 7L, HO L.
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AL & LCHILET 5 2 L R EPHRE SN
(Humphris and Thompson, 1978b) .
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et al., 1980 ; Hart and Staudigel, 1982; Staudigel
and Hart, 1983 ; Alt and Honnorez, 1984 ; Stau-
digel et al., 1995), Alt and Honnorez (1984)
T & K V4 ¥ Bermuda Rise T 17 11 72 DSDP
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Aa, FRFA L, HEEED RIS S T
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MASEE S B2 L 2R L7ze RS ZIEL 720
LR FEE LTK, Si, Fe, Ca Oftnase
T, KIZilA»S, KD OITHRISKIEDT T A
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DEICIZIRREZS & U L o TS 5720,
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TRERRBICLZ2ZHI VD, KICETHT
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FfLARIE, 28, BYbe v o 22RO K-HA
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L7zZRETo Li A, FVARIEEE&ME
(B2 5 RSN 12X o TRLLHED S
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HNIHFT SN Twb (Seyfried et al., 1984, 1998) .
B % 2T TR W 2 LA & 7 FEBRA
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ODP Hole 504B (LLF, Hole 504B) 1235\ T
¥— MREREEE T 2111 m (274.5 m OHERW,
571.5 m OAIR-BLIRD K I, 209 m DL D
R % LD MR RS T2 S 72 5 BB, 1045 m
PbEo Y — MIRAIREE) @2 7 REDHRILS Lz
Z & 12 X ) (Anderson et al., 1982; Alt et al.,
1996), LA DEHILESL L OMLHK O S
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L CAltetal, 1986, DL ¥ 2 —L LT
Altet al.,1996) (1),

Alt et al. (1986) 1% Z @ Hole 504B THHEL &
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DI LI TH HMIRE SR % L L TR
L7ze EEEYARFA N, €T FFA N, F—H
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EHoTBY, HIO L L HIZK, Rb, B, CO; »
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=4 +AENRT, 150C L TOKIRT, 72
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T oL, RO BRI HER/ B A
OHEDFEL, L OVBNRREBICRY, »oT
WAV ILEONMPRE 22D LTwd, TR
HEFLIA MRS BRHICBWTE, &
ADOWHNRHETHY, T2T, &ea, 77F
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BaxoTwarlEzoNTnwb, ZofkaH
HEOZEBRNERIEMET 1600m £ THEL, Th
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5 (KM1)e ¥— MRARBETICIE, ZEIRE
2400C A2 5 L AED 5N TWwb (Vanko
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ATVVEBFUSIS LT A T REMEA YR S hu b
RN & B Mg N R (DESk DA
2/3 JEBER) 13, Hole 504B O¥&id T — MRE
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WD LS (REROWES 2/8 IR 1k —
MREGOBEREOENC L 2YNERTH S
EIRIREINTWD (Detrick et al., 1994) o
TS A, —AROWE] O F A
JEDEBIN 2 BIG TH 5 &) M ISEEIRE T
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Gillis et al. (2001) & East Pacific Rise (EPR)
® Hess Deep TIT O N2 KMERE OGRS 5,
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Fig.1 Downhole variations in secondary minerals of basaltic rocks
and sheeted dike complex from Hole 504B of the Nazca Plate

(Alt et al., 1996).
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Fig. 3 Downhole variations in metamorphic (the middle panels)/altered minerals (the upper panels) and whole-
rock compositions (the lower panels) of gabbros from Hole 735B, Atlantis Bank of the Southwest Indian
Ridge (Dick et al.,2000; Bach et al., 2001).
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REE pattern of serpentinites from Hole
1268A with the composition of vent-type
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PRolifdidF /) A= =275 — VD FellEDL
TNV—=A[E)FTAL By —ru—X L7
kA2 L TWwb (Bach et al., 2006), IR A
DXy T afEIEDOY MIIWERE DB ST,
SEAITIERUA AL L 223851213 72 & A DREEREE/N
R Xy FHRDENE, IO AT
Mg \CB CIESCADSTERE S I, $RITmR) 7V — &
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AR SN, A LE IS LI X

o ZHUIHL, BEIO Xy v afifiEhliori

5 AL DIERCEALIZ Fe DA 2HES . 2hH5D

BIgFHIEE b LI, BRAILT O A IZDOWTR

D EHE 7 UL 2 R E L7z (Bach et al., 2006) .

2Mg; sFe 28104 (H* A 5 A A1) + 3HsO (ifk) =
1Mg2 s5Fe0 1581205 (OH) 4 (MEAAT) +
1Mgo75Feoss (OH) o (7 )V — A £7)

57Mgo.75Feo25 (OH) 4 (70— A f7) +

30Si0, (aq) (Jifhk) =
15Mgs s5Fe0.1591205 (OH) 4 (MEHUF) +
23H50 + 4Fe;0, (Wisksh) + 4H,

ZOHAT D Si0, (aq) (ZROF AT O UE
BALO R BBETEK Szt E 27 (Bach
et al.,2004),

3MgooFeo18i0s (FHAHEA) + 2H,0 Giifk) =

Mg, :Fe( 391205 (OH) s (MEHUFT) + Si0s (aq)

oz kiE, FHFEAOZ LWV F A RO
ATV — AL END &) FHFELIREGHT
Hbo CDEIBATy TERETAHIET, &
HOBEDWD L L OISO b 3
WD ENTEDL, TORAT v TOHMMIERCE
LD BB Tl /A A MK <, AROMKIE
WA S AADIERAILDOREE ZITTWDHY,
DRI B L, DALAADIERAILL, WA
DML AF A DRERALIZ X B Si0; KD
WEEZITT, FellEL 7NV — AAMHA L
sk~ 2T B EZ N5, LA L&D
5, MERUEE RS & T A HOKOMBIEEILICE
A, ZORIEATTRTOMERELO— KK 7% b D
THIEINEI LV T LTI, SH%oM
BREAPLETH S, T2, 2200HFHIBE LT
ZIERCAL R I H I IZ AN E & KO BRI
Lo TEANVETDOBADGHIZ L > THELZ
Si lZE LRI D Si DMINZERE S WA TR
Je A % Twv 5 (Bach et al., 2006; Paulick et
al., 2006)

VERCE O FEEHER S T d 2 MEHUA 1E HaO
10wt % DLE&EL, 72, ZOMRKE, BEL
EOWTEL FERDA S ABIHRE BT S
(A AEDOHEEITH 3.3 g/em® TH 575, 1Z

T RCA L L 72 08805 O % EEIL K 2.5 g/lem®,
Christensen, 1996 ; Escartin et al., 2001), #E#HL
FEH0 OBEERIHATH Y, whafb L7z
WAL AL, BETL— NOEERRESR L

LT, MEREMICHO & & HIcKMotH fit
WL, MERERICBWIRE LB L5256 (Blz
1¥, Komabayashi et al., 2004 ; Riipke et al., 2004).
L oT, TOMRCALIZHE S LR OB T HERD
WENERE %2 5 L TEETH %,

Miyashiro et al. (1969) 13 KPEHD & RIS
NI2PASAEIZDOWTEEHEE b &2, €
DAL E MG Lze ZoOfEE, SafkoKEks
RS R AR BE O W CTHI T X % 2%, CaO 2%
ZLWVEBHIE LTI, EBCETLICHE W Cal 2t
WAL TCwB %2 HF, —FT, AFodkT
LI EIROZE R ZZ T T b b oi, &ail
EDEEHB/NS N L E2RFEL T 5 BRI,
74474 PR EDBBCEIL LA L AE R
En oL, RUEAEICHEV CaO 2T 5 2 &
PHEE N TS (Page, 1967)

IERCAILICE G B, UDHEIN$ % 2 & »
L ENTw5b (Thompson and Melson, 1970;
Seitz and Hart, 1973; Bonatti et al., 1984).
Bonatti et al. (1984) Tix B & A A ML F{7
KA S THED o ZIEOMA L & I8
52wl KD HIEEA~D B OMnas
IDIEBRETTRETWAL E L DALAR
DEGKFEBIZ BT, 300C DM TIRER
DOBEAREITOLTMIHEMNT 525, HHEHET
WA TBHIENL D, BHE~D B O
RS T TR E B Z &L 2RI 5 (Seyfried
and Dibble, 1980), U ®¥&1d, kil L7z %9
ALY 22 IREE C UST O IRTE ORI IE FAR 23
B3 555, MITHZRIREETIZ U & 72 0 ki
L 2w Ll AL 71X 2 13EITH)
BEBBEEZEDR TV ELS, UoHhniek
w7 a e 2 T3 R, KR TOEEEHRHC
e 72 REMEAMER S T b (Niu, 2004)

WERCA OB A & LRI eRcE b Z 21 T
WRWVIE LT O A S ASDOEEFHTE K
1%, Snow and Dick (1995) % Niu (2004) 12 & 5
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THHENTWE, TNE DR, MEEIERCE
AP A D AR LD D HO DS IE IS,
MERUA DA EHLK & BEAUCIRE L7200 A S AEHL
e LTHEKELAZLBETY, MgOAZL L,
SiOx ICHE & 2 L 2R S iz WIER 7 i R
TODPASATOHEDIE > T v i
D 505, T OLFEHERGERIE, BRKDA
5AFEDIAER R TR L, ZIRIC Mg ¢
WY L7272 ThHbHEEZLNTWS (Snow
and Dick, 1995; Niu, 2004) . MERUAILL 7222 A
5ABED Mg B, ERELLZDOSDTIEAR
, ZE7uatx (150CLT) ®& & nfbsm
B LR ENTWD, Mg DAIIE T N — A
HOBEBRT O ADBHELTVwEEEZ LT
BN, TN—AHDOERIZTTIIHITE 2w
EO Mg L% RTH TIVDBHEEL, Th—R
FOEBUND A D = ZLDBUETH L, DL
)Y T NIEDA S AL DEEIERANAR L,
Mg MAERT 2 EESHITFONTVwE, 2Dk
I A S AR DIETFIERE, WA & ML
T 5 HOROMIRAL AR 2 FHT 5 1T i
ENTw% (Palandri and Reed, 2004), W< D
HOYF Y FNTT VA OWIH S, Tvh
VICEUH TS AT 52 05, ZOHHO
12 LTHIFHNLTWDS (Snow and Dick,
1995), Niu (2004) (ZHifEE L HIcHE Il W
JLHETHAHEEZLNTWS HFS ik L oA
BETLEOEFOMBMEBEN S, v~ 7/~ 7k
ROTHEBI) &, MR LIZME ) TEBEH) % X
352 & %RA, Li, Na, K, Rb, U, Srici¥d
LCIERCATED LSIEE Tt XX - TEH)
ThHEL

Decitre et al. (2002) E® A ~ FifiEsE T
BRIN S N2MERUEIZOWT, Li &A=& Li [
RIZOWTHE L7z Liaf s idiekiaibL 722
MALAGDHD, FELENGEPALASG X
DL VEND D D T72, RPN L - Tk
BOAIC Li DS B2 SH B 2 EFH S AT -
72o L2L, ZOMEIZIZIESDE2HY, 20X
5O & e AUA AL AT A R 4 1 (240-
360C) THUEGARL, KREMETELLELES

ETRREDLLOTHDEMRLTWE, Zhid,
YWREOEEICE A LiOEFHEHLPL T 5D,
Li 5AE, FMARILIZNS R A7 =V TARYY
ThY, AP IRE VIRESRETRE TV
BRThrI Lz RLTWA,

Paulick et al. (2006) &, EdTH AL 72
Bach et al. (2006) &[] UikHlC©dH 2 Kk
LA 15°20'N Wi 4T CTHRIL S 7z e RUA b L
T2V IN—=HA N, FF A Mo, fIER
I O E — FHLK & ALER & vy, RO
R R m R 2 Y TV T ITRD, Fofl
LEBOWBMEE 2 KT 5 2 LT, iRAbIc
9 IEREBEN O W R 2 MG 2 1T 5 720 THE
FTLHEICE LT, EiRo Si0, Oz Z i ha
P SN TV BRI DANI B BErda HoO O3
MBETHDLE LTz, 72720, iia{boREEN
E e H B WEESLE SBINT A 201
Fe:0s A RTINS %,

M ICFR Sy, FFICA DEOCFEMR I L T
AE BN D B BEBREOT VAR EZE
EREOEVEEHI BT T EAE ST
AEEDLLRWIEEDND 5. Wil IR 4 7
WILHR/NY — Y RRTDS, B TEUCEoBne
& ARBEILHETH S HFS T % (high field-
strength element) OB 2 5, HFS t#k
DML & IR TEOCE BT AL N L
¥ N &, HFS tH O UM LI HE 72
AT 2 LF ML Y KB L L EIERL
7o ZLTC, WiZIEAN M-~ NVOMENEE
&2 2V MG ONIIER T, HREIZEsCAt
WA A T HOCROWINTH D & L7225, vl
OPDORFHIE L TIEa Y F5 4 METHEILL
e BHIER Ny — L IZB W, Eu OIEREN
HTws (K4), —#MIZ, DALARDOER
FK A Eu OIERE 2R3 Y&, ANV -3 b
VOMEBEAIEHIZ L > TRIEADER SNzZ LI
Lo THHENL Z 9%\ (Niu, 2004), L7
Lans, ZoOMBHIEL T, #EADOFKI
PES) BudDIERETH LI XWEENS Sro
BmasiaohienwZ &, A AENCREAD
WAL nwZ e ERhD, AV -7V
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MVAHEAER T2 L, RUAILICHE S Eu o
ThAHHEMEZ L Twb (Niu, 2004 T,
FHEAOBE OB LI IERELIZEE ) Eu B
HHZ I LIFBHLTYS), COBE, »AD
A ERCA L S 2R, A bR S 5
ST TSR E ST 52 812X - T,
EullBAZIRETH > 2RI L Twvw b,
RS, S oM AZ /R TMAEALHI BV TIE, i
WEuIE#FE LB, UFROa Y T4 ME
BALT HHETHE Y — V2R T O THEIT
FNy — IIMERCE B A L 3 4 Bk H O
F#/%% — ~ (Doubille et al., 2002) & B L T
Wb, TIRE-EK, DA DS AS-TEK O IR
2Lk 5&, EuldBCWEETC, MECEDL X
I BRMAETIIBZR TV EPHEHEIA TS
(Allen and Seyfried, 2005), £ > T, 2D X9
% EulERFE2RT L) RIEHALLIZPADA
HOMEFILE Y — 2R T 5 I121E, FR%
BOKIZ X 2RATHILE L Eu OBIRW 2T
SHHWEETH D, LT LIMRADFALLEL
LZave 45, WAHICEDWEHNL, CofR2M
WICHE /NS — VR T IERCE L B L 2o Tk
DM AR L, SO ICELfAORELE L, &
ATVCE EMEAE % R Ak 2 e L7z ERE o
IaE & A TH 5. Alt and Shanks (2003) 13,
KVGEED Kane WrZdas 5 S SRS L7z 0EH0E 12 B
LT, S&HE, MALzHEL, hoo
F— 5 EBNFENET VNS, SEHER, SIE
RIS D A B A - K OFEAEH 7200 Tl
TEY, FAHOIZANCE LS AR L7z
KEDPASAEDIEHBETH 5 &) A
T=VETFNIRDOEND LIRRT WD, MEHUA
LIPS SEA R, R AROZEB XA
SRR 5 Fe? ORALRREIZ b K& RS
9% (Alt and Shanks, 1998),

Lost City #UK 7 1 — )V FORBRIEF L =— D
HAEPSDWHS 2R L)1, WAAIICHE S WA
&R D BB & o TS T T RIS A
T E NS FEBITHRER THRIUS L5 BEHCE 12
VR BRI L R R BRIR L IR AN D S L %
(5 2.1Z, Bonatti et al., 1974, 1980 ; Frith-Green

et al., 2003) . KEEIEIIY % & L IEHU S 3B F
ETNVOME 25, LA RRIEVHIERGES
(200km BLF) FTCO %R LAVRIE S
Tw% (Kerrick and Connolly, 1998), X - C,
C DI TR S N5 B IRIESEY) h O e 3k
MK EZWPHLPICT LT LIZEETH S,

IV. 1> F¥ (AR ZAZESERE)
DB FRAEHFER

WK AAOEYE 70X AICHT 51781, K
P, KFEEDOH Y I VIETLTWE, 2hb
OHIF LR T DL, 1 ¥ N2 B55 3R
BT AR A e v THEIKOZEE 70t X
O— ML A H S0 T 57201213, &l
FHOY TNV T 2 ENET L,

2000 4 8 HIZH LA > N :{iE5E O di v i 5 D
O R A ZEEE RALEEE S BOK T 1 —
P33R & (Kairei 287K 7 1 — )V F : Hashi-
moto et al., 2001), D HERAL A EFE A 5
& & N7z (Gamo et al., 2001; Gallant and
Von Damm, 2006), Z ® %, % I 25 200 km
LN TV e vy Edmond 7 4 — )V FIZBW TR,
BOKIEB 23 7z (Van Dover et al., 2001)
(H5), ThHD 2 D>DEKDHMBIG R FFHAK E

$.72 % 72 % (Gallant and Von Damm, 2006),
FOEXTODLFNE 75 WEFN LT RIION
TOHFEARD 5T 72 (Takai et al., 2004) o
DX BEENL, TOFETRELESI T2
AV FEICALET 5, A ¥ NIRRT H A
v NESE-E A 2 NEE O 3 D OMRE DR
G795, O N7 RAZEmEE AT E O R 2
(K5) THRISNIZEMAIZET 55860 %
%

1) ElaA > NEBEICET2ZEEXRER

AT IE 2 (1999), HAF (2001), Nakamura
etal. (2007a) \XFVE A > FEMEET FY 5 2=
ERXAEH2OTMETEICH 35 km OFETE A ~ N
mahis (K5) X FLyyahkyr 7
(Fujii et al., 1995) %, ZEOBREIZ X - T
F-type (R2H), L-Type (IKiRZ'E), H-Type
(FiZEH) X5 L7 (M6) Shont T
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Wi, T T OVERIUb T & A S OB S
#ELT, 1MaINDOBIRTH 5 LHEE S NS,

L-Type (&, #AENZRMARKITSEZ IZFEI LT
LN, YRFAL L, I FFA L, F—H% A Mg
EOZREM OB TRE ST o (K 6), K
MEEOHME —33 5 (Alt et al., 1986; Tea-
gle et al., 1996 ; Hunter et al., 1999 ; Talbi and
Honnorez, 2003) . KRZE @ F-Type & I3 %
&, KO, Rb, U I THBE ST 5N 5,
K:0, Rb DI K0 CEL LT FH4 MO
WTHHENL, DX HET FFAL ML
K20 O BEINE 5 o 7t iy B8 o IR A B A ©
AOoNBEHDOEFELTH S (FlZIE, Alt et al.,
1986) (X2). U % &Lt & L Cid b MR 8
WA 5B A (Staudigel et al., 1995), &
Py TINIEBWTE, UtorxHEoRw
MEIEASNT, =4 MIEEL TV EHE
ZbNb (Amesetal., 1983),

H-Type i3 L W A OB M 2T THD,
WM E LTidRRA, T2 F WA, TN
A5, BhAH, <SUH, A, REEEY,
At aR s TBh (K6), 300CEL LR
MOBKERAZRET 5. REED F-Type & It
89 5%&, MnO, Zn, Cu, U DM, KO, Rb,
Ba O HE T, MgO, NayO OBéf, CaO,
Cr, Co, Ni, SroEP»i@Eooh s (M2),
L-Type TiZ KO, Rb OIS EZ TV EH DI
LT, H-Type TiZi¥ilZ K;0, Rb (B XU Ba)
DWPBRETWVE, TOEHZLRA D KO,
Rb, Ba ® {41 1507C DL 1 0 Z kA - 2ok S5
oL MG S Tw b (Mottl and Holland,
1978; Seyfried and Bischoff, 1979 ; James et al.,
2003), MgO ®¥li& CaO (B LU Sr) Db
X, CaO WCELWAENSEY (HabEn) 77
AH Mg \CE ORkRAICEIR S S 2 & TR
HECTHhb, $72, CaO Il LTI Na,0 & DE
DOHEEZRT I LD, CallELREAOE R
HLOREDLZTFTWE EEZ LN, KY VT
MZBWTABLNS Cr, Co, NiDigblx, A
LARTET T CHFHIEA, AERVOEREIZX
2bDTHLEHZEZLNL, UDHMIZIO

H-Type ICd A b5, HEkK, U OBIMIIREZE
BHIZBONTWB EEZZSNTWZD (B2,
Hart and Staudigel, 1982; Staudigel et al.,
1995), ARWIFEMRERIE, BMOBKEEIZL T

LbUDPHMT LI EE2RLTVD, [EEORKHE
1%, Lk Hole 504B 5 b s X THB Y,
EIRBOKZ BV X 5 U oBINA% & 19 7 3
BTHDHZEIREENL (Bach et al., 2003) .
U IZBROBEALEITTIREIC X > TEHP R D
ZENMENTHBY (Staudigel et al., 1995;
James et al., 2003), =L AT O U ORE
I, @BICH % BREAKP T 4B S U
WL T A ETRIBEEZOND, Mn,
Cu, Zn DA H-Type DHE# T, Tk H %
LEOBENI VA & D 300C DA TOHA
BIHWRETH LI EBAMOENTED (Seyfried
and Mottl, 1982; Seewald and Seyfried, 1990),
HWFIN e ERE D TIE LRV,

F-Type & L-Type D#AF D% L IZZRATH
h, EEEEDEN LA 5, Hole 504B O
BRICHL T2 EE 2 5N 5, $51Z L-Type O
VTNV OEBEORRE, BHAEBO LRI LGN
Ly TV EHML TS, 72, L-Type ¥~
TN O—EBIE T S35 0724 v 7 &
L7 b s — 7, ZEEEWREOFUMSE L
H-Type %~ 7IVIZIZ F LI 4 MRS DAL L
ZIENDHZ LA DS, Hole 504B 1281 %4
BE-AREER T Y O Ba L EM L 2R
RY. 72721, MgO @ HifniE H-Type @ 3 EHZ
BWTHEHETH 5 DITH L, Hole 504B TIiLH]
BWTIE v, TR AR/ aalt & BOkoMB O
EWZE o> THWTHZENMEETDH S (Mottl,
1983), T 7ab b, KOMBHHELE LD LT VITE
o RLy VSN RKARHE, EVEALEOK
JBEHEZ L TRk & Btk / A a T
I L7272002, AR MgO oM ke & 72 &
¥z oN5b, T, a7HEE FLy VB
REOENEZ L TWE EBbND,

Hole 504B 1238\ T, A = b B 85 7%
A 12 3 % A% (Anderson et al., 1982;
Kawahata and Furuta, 1985; Alt et al., 1986,
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-5000  -4500  -4000 3500  -3000  -2500  ~-2000 (l’l’l) 6000 5000

K5 (a) 4 ¥ FiEg MY &7 2 ZEEG RAE oK X & &R SR UL T, Edmond (E)io;UKalrel (K)
BAKTA—NVIFOEHbIL L (b) Kalrelﬁﬂw/r—wbmﬂa)z@rffmﬁ/l 0 T X1 JAM-
STEC |2 X % #if #fif KR00-05, YK01-15 3 & " YK05-16 I2 & 5 F— % TH 5.

Fig.5 (a) Bathymetric map of the area around the Rodriguez Triple Junction of the Indian Ocean showing the
location of the sampling area. Locations of Edmond (E %and Kairei (K) hydrothermal fields are also shown. (b)
Detailed bathymetric map of the area around the Kairei hydrothermal field. Bathymetric map data were
collected during KR00-15, YK01-15 and YKO05-16 of the JAMSTEC cruises.

v Ky

XCH

(b) L-
74 b, (d) ’
Chl = f {11, Cpx = i@rﬁﬁ Pl = erEE

Fig. 6 Photomlcrographs of altered basalts recovered from the Southwest Indian Ridge near the Rodriguez Triple
Junction in the Indian Ocean. See text for more details. (a) Celadonite (Cel)-filling veins and vesicles
in the L-type basalt. Plane polarized light. P1 = plagioclase. (b) Saponite after olivine phenocryst in the
L-type basalt. Plane polarized light. (c) H-type dolerite. (d) Chlorite after olivine phenocryst in the H-type
dolerite. Act = actinolite, Chl = chlorite, Cpx = clinopyroxene, Pl = plagioclase.
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1996), KRB TCREINSOEWOERIZENT
Hbo TNOLOEYIMmEEASSHNIL A
T, HHFEEREE AR L 72 iR E O G
LW THLEEZOLNTBY, RE 2R
2 SHNENTVE I ERS, ZhH5DHEMD
AL N & ERAINTH 5,
DEDOKRELY, £V FEOXREERFOE
B 71t A3 Hole 504B ® % & 358 L 7245 1%
/L THBY, Hole 504B THL NI ENE
B 70t AHEEHE O LB BB O
— BB TH L L BRIBT D,

2) 42 NERRBEDKFICE D Kairei

#HKT 1 —ILNOBEZNER FH—

A v FERERESTE N S AZERA
P05 S N VAN A< 9 el = SR s N B e S M Nl E L 4
W 5 2 77 (Edmond, Kairei) 7 5 BLAF
BDIEF L TV DBEKT 4 — )V FoiEE T b
(K 5), Wit & b, FEARMITILE 1T %
WENZREVAIELTBY, #HENE- 72
KEHENC & 2080 L\ e s TR & £ 9 IR
DRI E /22 L 2 /RET % (Kumagai et al.,
2006), FEEIZ, WHEKT 4 =V FH i, TRk
5 (BLXUFLIA M) BERENIz, KEICE
T R 5 2 BOKALE % 7R 3 Kairei 0K 7 4 — L F
JEBIE, 1 ) A T CHUE N e
DHAEEL, ZOHEIZBE VT, JAMSTEC ®
HNEKME L A2\ 6500 % i L 728 Hi i A 28
fTbhiz, ZORE, ZOMENET O OlEsE
WA & D ERCEAL L7200 A S AR IZARL W
GHEMNZ BRI E N (Kumagai et al., 2006;
Takai et al., 2006) (X 7), SN FTdH, A5
M OMIZN 2B ) OFMPEBIIET 2 50
I 2w £ D (Green Rock Hill) 7 5 lERUA
1L L7220 A S AGOERDHE X Tz (Hell-
ebrand et al., 2002) . ARFRAMIKO ML & D
i LR S IBCIRME R 2 R S BB &,
arb< A ut A MYLHRRE R T AR S DS RIL
&N/ (Kumagai et al., 2008) (X 7). TN 5
DI, PIEEIE, SN F TbiEE
LIESNTCWAEITI vy 77 Ly 7 AEH
BPL7HBTH D, MEERET O A A 23S E )

ko THIRICER LB EMREND (P
i, Tucholke et al., 1998), WYL 4 > FEEHEHIC
BUDLWEIT I T Ly 7 ADFEEIZARHFAIC
IoTHOTHESNZLDTH D, Uik, 20
a7ar7Fly 2 A% 25°S OCC, b L IZHIC
OCC LR, F/z, ZOMBWYRMEEI T Iy
TLy 7 ALY A BB/ E WS, Kairei
BOK7 4 —v FHRERIC S il & 523 2 i
WEWEF ) % b DM (URANIWA-hills) %%
B SN0 T, ZOHHRIIBWTHFEZT-
720 O E, URANIWA-hills 205 IE20A S A
ARBOEREPS CRENT (BT, Lo
T, KEWXEL I L TRHEIIT 5N 5 Kairei 4
KT 4 = BB R R GRS A1 A5 3%
LTHEEBLTWAZ ERHLNE LR o7 (Kum-
agai et al., 2006; Takai et al., 2006), KFEIZHE
HHAKDORRFIZOWTIE, HEERERREIR A
L GEENTVDLNAS AL DIERA LA L
TWbEEZTWDY, FENIBRERSHTH
%o

a7 Ay 7Ly s AR MAFNE A SR 725
AL AEY Y TIVIEERINIZIERCEIL L TB Y,
FUERAAL LA S AL, NAZ A MELZZ
RTBEAICLE T ShTws (K7, K
8a) AR NVIEAEREZEL, FPEOHR
HADHERR S N5 AR 0 2RI
HOLNLE WV, FUFVDHH 121%, B
FIRA, 777/ NATHRSI L TwSHS
ZETHMREE, CO% Y TR TIIAY A
WALIELERELROEEYW THE Y-V 254
MIfEbI A Z Eh s, AMRDOESIZIZANY
HOIIBEATHIHEEZOND, ZO/WNRD
JHBH DDA S A, ZDIZARVEZER L
AV N OWEN, bFNEEEZTTwEEER
5N5b,

FANWEHIL, EI12, BALVE, ALV
=94 MTHY, NEREY (FITF v AFA4
M 2 E&0GHEALH L. WTNOREIZR S
B, B aapa, feaaia, 775
J A, RRAREREY, BRAEFEET LR
PHESND, LIELIZRIICER %2 21 Tw»
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X 7 25°SiEEararrLy 2z A0

a
=3

a,
¢) & URANIWA-hills (d) o 1% % 1Y %5
FY¥ Y 7B X T0CC il oI A
DFEIR (b). (a) OCC 2 5 W E N7z
ERLEAL L T 2 LB O E DTG W
PASAEY Y T (c) OCC DT L
M2o|MEh=ERE L, T
FZhZRAERRA, WAHICE G
G 5N %, (d) URANIWA-hills T #f
?fﬂt#k%kEF*ﬁFD7F7

Representative rock samples of 25°

S Oceanic Core Complex (OCC) (a,
¢) and URANIWA-hills (d), and
occurrence of deformed rock sheet from
the top surface of the OCC (b). (a)
Highly serpentinized-less deformed
peridotite. Large orthopyroxene
porphyroclasts (indicated by white
arrows) are well observed. (c) Highly
deformed rock from the top surface of
the OCC. The upper and lower parts are
chlorite-rich and talc-rich, respectively.
(d) Olivine-rich troctolite from the
URANIWA-hills.

M8 25°SiEpiEI7 a7 Ly A (OCC) »HMENTY v 7V ORGHEHMEETE (ac). (a) OCC D
WA A 2 SRS N EAL L 2D A D AR O =N A5 4 MMe L 2Rk 2% #0580 3
R, BR=an. opx =ftHHA. b) HEFEIT7TILTLy 7 20 LH»SHRMNENAEER SO
WAHCEGWSHROLFLEEEANAFA FE 70l AR VOEE Hoal, (o) WULER
%*@ﬁ%ﬁu%ﬁ%ﬁu&%nt4wx+4bGD%AﬁuAnwmaﬁm B =3, (d)
URANIWA-hills 7 5 fRIREN 2 b a2 b I A P HOPALALDOREEFR ol =2ASAMA, mt=

W8k 8, serp = MEH AT, sp = A AL

Fig. 8 Photomicrographs (a-c) of rock samples collected from 25°S Oceanic Core Complex (OCC). (a) Large
orthopyroxene porphyroblast partly replaced by bastite in a serpentinized peridotite from ridge-facing slope.
Crossed polarized light. opx = orthopyroxene. (b) Both rutile-bearing ilmenite and chromian spinel in a
talc-rich part of a deformed sample collected from the top surface of the OCC. Plane polarized light. (c)
Ilmenite (il)-bearing gabbroic clast in chlorite-rich part of the deformed rock. Crossed polarized light. (d)
Back-scattered electron micrograph of an olivine grain in a troctolite collected from the URANIWA-hills. ol
= olivine, mt = magnetite, serp = serpentine, sp = spinel.
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Fig.9 Primitive-mantle normalized trace-element patterns of olivine (a), orthopyroxene
(b) and their secondary minerals in a serpentinized peridotite from 25°S oceanic
core complex in the Central Indian Ridge. The primitive-mantle values are from

McDonough and Sun (1995).
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