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Do Off-ridge Volcanoes on the East Pacific Rise Originate
from the Moho Transition Zone?
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and Kiyoyuki KISIMOTO **

Abstract

A large number of intraplate volcanoes erupted two to several hundred kilometers off the
fast-spreading East Pacific Rise (EPR). These volcanoes consist of large lava fields, monogenet-
ic volcanoes, and linear chains of monogenetic volcanoes and volcanic ridges. Large lava fields of
7-26 km?® in volume are known at 8°N, 14°S, and 16°S within 2-19 km from the rise axis and
from the top 75-100 m of ODP Site 1256 on the 15 Ma Cocos plate. Monogenetic volcanoes form
within ~ 20 km from the rise axis or on the basement < 200 kyr, and are evenly distributed over
the rise axis. Linearly aligned volcanoes and volcanic ridges occur farther from the rise axis
than large lava fields and monogenetic volcanoes, and run subparallel to the direction of the Pa-
cific plate motion. The Sojourn Ridge, the largest volcanic ridge, extends up to 440 km in length
and is several hundred cubic kilometers in volume. Eruptive ages along a volcanic ridge and a
volcano chain contradict the hot-spot origin of these volcanic features. Negative free-air and re-
sidual mantle Bouguer anomalies correlate well with the linearly aligned volcanoes and volcanic
ridges, suggesting excess magma supply beneath the volcanic edifices. Seismic experiments
show volcanic ridges have no keel below the Moho, indicating compensation of surface loading by
plate flexure and underplating.

Whole rock compositions of off-ridge volcanoes have a much wider spectrum than the adja-
cent axial lavas, spanning from depleted NMORB through TMORB to isotopically fertile
EMORB. Some off-ridge lavas could be produced by the fractional crystallization of the same
parent magma as the adjacent axial lavas. However, most off-ridge lavas originate from different
parent magmas than the neighboring axial lavas. Some TMORB magmas including the 14°S
large lava field are the mixing product of the NMORB and EMORB magmas. Copious differenti-
ated lavas of the large lava fields require a large magma chamber as a the site for crystallization
differentiation and magma mixing. The lava geochemistry of off-ridge volcanoes strongly sug-
gests the presence of a magma source that is independent of the axial magma plumbing system.

Seismic tomography and seafloor compliance measurements beneath the northern EPR indi-
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cate that the presence of melt across the rise axis is restricted in a narrow zone ~ 4 km in width
through the crust, but has a 10-14 km wide distribution in the uppermost mantle. Broad distri-
bution, volume, and geochemistry of off-ridge monogenetic volcanoes and large lava fields strong-
ly suggest that the off-ridge volcanoes originated from the Moho transition zone (MTZ). The
MTZ is formed by a reaction between the uprising magma and the host mantle peridotite, leav-
ing replacive dunite that experienced variable depletion and enrichment processes. Passive as-
thenospheric upwelling beneath the fast-spreading ridges produces a broad partial melt zone,
through which magma ascends and accumulates beneath the off-ridge lithosphere. More deplet-
ed off-ridge magmas than axial magmas differentiate and mix with residual magmas in the
MTZ, and react with variably enriched, impregnated dunite, resulting in variety of off-ridge lava
compositions.

Small clusters of volcanoes and linear volcano chains are created by partial melting in as-
thenospheric return flows or local instability of the thermal boundary layer beneath the cooling
lithosphere. Linear volcano chains will develop into long and robust volcanic ridges extending
several hundred kilometers in length.

Key words : East Pacific Rise, off-ridge volcanism, large submarine lava field, submarine
volcanic ridge, Moho transition zone
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19 km (2B W CTHEMAE MR E SR E L
TRFRRBEOB AR AR L. (K1, ™
2) GEFFIZA, 2004 ; Geshi et al., 2007), ZDE
K B TR 346.83 km?, AFE 25.4 km? (23
L, ZNE TIZHS N TW IR E R TiRAH
BT o YOI M 8 FEO AR (1K 3)
(Macdonald et al., 1989 ; Hall and Sinton, 1996)
D15 km?® Z1E 5028, COBERERIET A X
F ¥ FIZBWT 2000 FEIZ—EOHE TR 5K
BRIZK > THL BRI OBBICILH L
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Y/ A7 27 LAROMEHRE v 7~ 0 LA
BRI E DA B USR5 2 LR L
7o 7L — MEBNIHETI SN ZHNET £ X
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Fig. 1 Off-ridge volcanoes around the southern
East Pacific Rise (EPR). (A) Seafloor
topography derived from multibeam and
satellite predicted bathymetry (Smith and
Sandwell, 1997). Data sources are Global
Multi-Resolution Topography (GMRT)
Synthesis” and this study. White circles
represent the locations of the 14°S and
16°S large lava fields. Broken solid squares
indicate the areas shown in Figs. 1B, 2, and
6. (B) Bathymetry around the southern
EPR 15°-19°S and the [TAMU]? sidescan
image along the rise axis. Volcanoes within
approximately 20 km from the EPR are
arranged subparallel to the rise axis (white
arrow at 15.7°S), while those beyond the 40
km wide zone along the rise axis are aligned

112.5°W

FERRMENE VR~ Y ¥ 2 (erystal mush)
Ko< 7 <80 &5 T vt b it/ (Toomey
et al., 1990; Sinton and Detrick, 1992), L% L,
ORIV IRIZZDOROWIEDERIZ L Y%
WaeiErEh>22H 5 (Garmany, 1989;
Dunn et al., 2000; Crawford and Webb, 2002) .
AtAE 9 BE T HUR R s T o Pk oK
BERCE I ORISR, P~ RS A v b
FHFEAERL, HRE~ Y VORI (€K
ERA) ICAMC © 145D I VLT S
(Dunn et al., 2000), 7=, {EHEID 5 8-14 km

subparallel to the spreading direction of the
Pacific and Cocos plates. Young lava flows
are present more than 20 km off axis (dark
areas shown by the [TAMU]? image).

HEN 72T S~ ERBREAIZANV MRy PO
AP R E N TWw b (Crawford and Webb,
2002), $hbL, F7Y v VOERBRENIAT
HET LY IIBEHEOF 7)) v VKINOKIE L
Bol-WREENEZ OGNS, EFERNIE~ Vb
WHZE R L C& 72~ 7 <o iE & ik s
PR I23E S 5 SUGH T 5 (Arai and Matsu-
kage, 1996; Arai et al., 1997; it - BB, 2003;
Arai, 2005), EFEBEBHICBWT, RAEAGILH
WCEAZHL L7z~ <Ry v POt - /RER
RSO R B~ 7w ORYeH 2T 725 L D
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Fig. 2 Shaded relief map of the 14°S large lava field and the Brown Ridge (Location of the mapped area is shown
in Fig. 1). Bathymetric data are based on the present study. EC: East Cone, CP: Central Lava Plateau,
WC: West Cones, NL: Northern Lobe. Note the abundant conical volcanoes at the western side of the EPR.
Between the 14°S large lava field and the Brown Ridge, clusters of volcanoes are arranged in a left-stepping
echelon. The left-stepping echelon arrangement of volcanic ridges can be seen along the entire Brown-
Sojourn-Southern Cross Ridges. The West Cones are arranged subparallel to the rise axis, while the conical
volcanoes in the west tend to form clusters stretching WNW-ESE.
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oy VKINOEIRE < 7 OEMIcOWT, Ih KR L72E#E 2 5N B R ORI L] A
T CTOMRBEREELANT 5o EFERBH OB 19 % (¥ 1; Smith and Jordan, 1987, 1988;

ONTRMERDENEZESNTI hno7/228, Alexander and Macdonald, 1996; Scheirer et
CTERICE 7Y v VKINEDBMRICERL, E al., 1996 ; White et al., 1998, 2002, 2006), =i
FEBTORERIEELZH LS. 7B, KL TH SIZBEAMOR Y M ARy b TR RO L TE
TORRT — %, BEWET — 5 EO—EBILREEDT AR Z R L, —RICT NV — 2RO H 0

ZER SRS O NIRALI-KANAI AR ZEALE (YK04-07) bRnZens, MREBEATHRY F ARy
o TROENTZEDTH B, R T & Z WAL O HECK IR BRI & % 2

5N Tw3% (Sandwell et al., 1995; Scheirer et
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Fig. 3 8°S large lava shield. (A) Subdivision of the flow field on the basis of the geochemistry of the lava (Hall

and Sinton, 1996). Grey shading represents north lobe lava; crosshatch represents south lobe lavas;

horizontal ruling represents the northwestern part of the north lobe, (B) Side-scan sonar image (Macdonald
et al., 1989). The encircled darkest area in the northeast of the flow field is the latest flow lobe.

al., 1996; Hieronymus and Bercovici, 2000;
Sohn and Sims, 2005; Forsyth et al., 2006;
White et al., 2006) o
KRR~ T, 100 J5 km? H72 0 &
S 300m DL B Kilid 1920 = 116 ff, 500 m
Ll o RilifkiE 959 + 30 & % (Smith and
Jordan, 1988) . 4F |2 UK T ¥ I 7E 3K O B
12-19 DO R¥HET L — b ETIE 100 /5 km?
720 2333 LA T v VRKIIDEEL, KE
440 km (239 5 MERE IR A 851 S g oh & 31T

EZ L CTHE TS (Scheirer et al., 1996; For-
syth et al., 2006 ; White et al., 2006) .

7)) v VRIND G AR IS, BN
O Wil ETA R, MUFERTHIT L DK
TR T 2 WA TR SNz ik L TE vk w
IMEHMATRD HNL, L, JREEDE M
D F WG R EBAED DA HENE L, FHRI%
Wz LB s N Tw 5 (Smith and Jordan,
1988)c 71 v ¥ KIND 73 % |3 if: 5 i D 3 £
THAL, FRY 271% 038 51247 v I THA
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T2, F72, AL &S ITKIIROREAEEIT N
5755 S 1000m Ll k& 2000 m BL o Kl
DENENT8% & 98% DA 7)) v I THET A
(Smith and Jordan, 1988)
ORI S L 04 7 ) v T KINO 546
BEIREFETL— N ETEL, FAATL—1
T\ (Scheirer et al., 1996; Kisimoto and
Hilde, 2003; Forsyth et al., 2006; White et al.,
2006) o Z OIERFRIEIFMFEMAREIZ S FEN TS
D, B 13 EM LD Garret T Y A7+ — AW
X)L CTHFETH S (Perrot et al., 1998),
RS O TEREME XA L 7L — MERIZ X o TR
%5H, KFPEETL— bA 350 m/Ma? %2 7%
WO L, FAAT L= MIRK 4 REOLR
HEZRT o Z ORI O T B 2 B E
EFNVTRHNTEY, KPFETL—-PTFOT7E
AT LT BRI THD720DEEZ 55 (Perrot
et al., 1998). BiffE 17 FETATb N7z WA
BAEORR, ~¥ PV EIZA NV MFETH0
FFAH 7L — FE TR S 10 km DIAT
HHDOIHRL, KRFEHETL—MT T/ 100
km 25 (Babaet al., 2006), L7223 TC, ™
RO F 7)) v Y RINO#FER E LT R~ ~
M VHIZIE L 53 % A AR RIBE NG,
KT, FRPFEBEOF 7)) v T KL% 5
HiRE & PEIRD & S HFUI 5 TR T 5o (1)
BARBIEA s KEOBE S it LIZERES
Ji (Large Lava Fields), (2) #Rgfiloommifl 15-
20 km DIPSCHA U 7280037 Kl (Independent
Monogenetic Volcanoes), (3) Ri=# & 1 b %
7 v TTHAE L 72 KINEI R RBALR O i LR
T & % (Volcano Chains and Volcanic Ridges:
Scheirer et al., 1996 ; Kisimoto and Hilde, 2003;
Forsyth et al., 2006 ; White et al., 2006) . 7 — %
ERRS NS 25, hyuBEERICHBLIT 2 i OB
BT HE R HE & FAHBE 3 2 25 1, M EHR
S EE N i A S 13 AR FE 0.001-2 km?® DA 5T
AHHNTW5 (Sinton et al., 2002) . HFEHE
FTHZ S NIHRFHERFME T o~ 7 <Y
(AMC) DOFF{E—#12 0.05-0.15 km® BETH
% Z &H% < (Singh et al., 1998), KB T

LB LEEZ100m X F1.5km X £ 12km
< 2km® CTH 5 (Hooft et al., 1997), & I TR
IR 2km® 2 A, TEW RO IR
JEENHIZIZFEBNICEE L2 L E 2 5N 580
MOEGHREZERBEGREITRZ LT 5,

1) #7 Uy VEXBRER

(Large Lava Fields)

B HR A S B I R L T A 8 B, 14
16 FEICE REEE NS5 Tw5b (Macdonald
et al., 1989; Kisimoto and Hilde, 2003), ¥ 7,
2 A 7L — bOAuHE 6 FE 44 5512 D B RIS
4 + 1256 (Wilson et al., 2003) T it 250 m
OO TIELS 100m Z2BALEF 7)) v Y
BAEPHRODP - TWD, FHifE 16 DD DX
O 70km 125 0, I3 KRR KL
Dl AR DAY HANAFFET D (K1) WiE
WCHH SN T33km X > 4km OHMPHIZILDY,
JEEE¥H50m &35EBXF 7km® ODEKE
HEEL D, BRBEICL ZRAERCHLGRABO K
Ly VERTONTE LT, SEMEAHTH 5,

1-1) 8'SEXBEERE

8°S ELKE % 1 1987 4F 12 SeaMARK 1T 1 &
LB~y ¥y i Wilkes b5 ¥ A
7 4 — LW Ot 114 km O FORSEEE I SO
IZBWTH R S N7 (X 3; Macdonald et al.,
1989), W IETHIE X 70 £ 20m THE AL
35km X H§ 13km (2 b 72 o TILASY, MK
220 km?, A 15 km® (SE T 5o o B %
2km, /K 2860 m il it % VN I SEAT IS E 5
ERROBE VDL, ZIEEHNEXKDIZHES
THETHRE L 72 A8 — (BEOLAE) 2267k
b AN —F 85— |} (spatter rampert) & i
EENTVD, A7 —F voi— Ml & LBy
WZENRZNHE 40m & 100 m [ & D T8
Y, WEATRICES] L 22 #H KD OFFAE DRI
ENb, BAEBIEHNHKIOR 4-6km I2dH 5
WA TRl 2 FICa e, R L R il
&SPAT 2 WE FE L & T S C IEON A2
A #7573 (Macdonald et al., 1989), JLIZHEDF
B E R ORI HE R R > SR DI LB
u—7&Bbh, EEMOE 12km FEIZHO
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IRKOAREEN D (K3), dLEEEEOI
Fid & 0 £ LR EBERIRE S TH 5 0t
L, WARIREMIIERE LR DbNSIE
40 m O EIIFRARSN % Fo e e b L 725
D hb, o, LEBEEEOIETE 5D 5
BaO—7WEREARE KW MEEET
bo TOL) REEDANS, WMIREEE LA
BEEIEEHO O — 7 EE L7z B I E G 2R
FHPEFL, MELZBEEPKORZBE LT
A L72E# 2 515 (Hall and Sinton,
1996)

8°S EREAIFIZBEHE T 2 X b & v
TENGTRE 2 RTIEDPD, TLREDKIC
XoTHELZS LV, 1964, 1965, 1969 4D 3
HZh7z o TR FEFEN LTI I =F 2 —
Fa5OMENDH V), SSSERKFHOWE
3000 km @ 7K % 2000-2500 m T & 1970-1971
FICRKEO He G (AT TNV —24) 8
Bl X7z (Lupton and Craig, 1981), Lupton
and Macdonald (1988) &, SN2 47
N—2H? He B 15 km® OXREE~ 7 <12
GIENDLHe FADORBEICILHT 22 L2 b,
ERIBEDHEKIZE S TAFT TNV —2h 38k 1L72
EE R 720 S EHRBGHEIZBWTIZRES X T
R &1 X B EEBE TThN -2 & ldk
<, FFMZEERIIAHCTH B BH T CHEELRE
HEHTARRAPELNTEY, FHLVERYT
HbHZEEENIT TS (Hall and Sinton,
1996)

1-2) 14°'SEXBAR

14°S EOR & #1513 1995 4R 12 R fE 13-19 £ T
bz [TAMUPH A FAFx vV F—0DR
MHECcCEO—Ha~v v Errshn (BEA-
Hilde, 1998; Hilde and Kisimoto, 2003 ; Kisimo-
to and Hilde, 2003), 2004 4E 7-8 H ¢ NIRAI-
KANAT WFZEMLHE IS B TR [ X 2975
DY —VY—L - FEEGE< v €Y7 THOTERNR
B L E SN (WEEFITA, 2004 ; Geshi et al.,
2007) o & FEAL NG B o 2-19 km 12 49 km
X 16 km 2725 TIRASY, AL 420 km?,
KRG 25.7 km® (23ET 5, HERGHE & s Lo

HWOREINOLB L ZF 2 HERNIIEK L7 &
EENTWDS (Geshiet al., 2007)

W FIT I 2 5 5 4 D OFIBIT X 55
T&% (M2, (1) HEEOHIE 58 5 il
ke ZomIIZHfiT 57T 7 AROHE 2 RS
O —7IRBEATES S % B HE, (2) BHFEOT
K% TR O R R ) BT 72 AR I &
ZOmMILITHE < ARWIEH 2 Tl (P Y E s
), (3) #HHEBROVEIRISHATT B R R W TH
Wl (PR, (4) RiEROIICHE KD
Lvwitiisao—7Th b, HREGFEERE I
A T — 7 ORI I > TIED T
%o MBI 7 5B E A, RO UG5 E 2
5, ViR ERE, hOREETR, B, LIS
O—T7DIHTHER SN EE2bNL, T2
FRowaa— 7TEEOFHE X HICH 1 S
WTBY, HAREEBRICESNERIEE) L7
EBRDODND, 2004 FFDRETIE LAY
6500 12 X % @575 14°S B RIBEHE T 4 #0,
BEE 9 2 il < 2 MAT b, KRR O
I & Y OB B X VA RIS M S
n7z,

HUHE b & Va3 S 2R (L TH o s
WCEMAH D, 5°-18° O T F Nz MR O
FLRINTH B (K2)o R KBRS
MFLEMRBESTELDNLTYS (LADWVE
828 i) o B L TIXILNTHD FMEFIZ T X — |
¥ — ME% (lobate sheet flow) R Fii% 4L (collapse
pit) A LN, HRBEERTR— I — MNES
Mo bEE 20-140 m D/NEHEN ST B
HOHE LA HALHISHE L 7 T 2 LIS D TRAIR
W LPMEOB AT — T2 MO L HICER
D, TRAZFhORMo—To7a Yy M3IRES
0L 5 515D 2R % %03 (LAMWEE 834
B o

LR O TERIL, 13 & A TP R
ERT Y= MNEADP SR, IO TIZIETT
TAHEBAET v v AN [TAMU]? o F 8§ T
HDOOND, WET Y VA NVNIEPFE LY — MA
BTEDN, LIALIAITHIRBEZMES I
BT 249 A (tumulus) 2353ET S5 (LAD
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WS 832 L) 0 E 2 F X v AV DAELC
Y ERONBIEB m DY LANART ¥ 3V
ORGEENPATICHET 50 RO RIS E
NI A IO L, ML P L ) B
50-100m (I &) Lo 2@ THEY,
BRICEAZIEE AT, BibdbFBIIiZEM RO
BEO— 7R 3BIIERARE L -2 8 ) R
BALNDL, HHORMIFHEHEZTR= Y=}
WaEE 7 I A MK - B L 7o TR b
¥ — ME% (jumbled sheet flow) 225 % 0, 72
LT ANEAET D (LA 833 i) MhilE
RS OB S RO REIZIZ LS 10-20m D)
WROHFEADH Y, ZOWHEEICHSH10m
DNEEIHE R 5 TWE, HIEINOEZZTIDR
WA EF IR O KI5 % W L 72 KI5 - T
B SN2 A8Y —F v oi— N OWHEMEAD 5,
NIRAI-KANAI WFZEfiti#ECid [ L A2\ 6500
TR TR 7 74 5 —%%HL, YO
JEE%2FH L 720 MR Z A S 7L — MK
KAMNC 8.5 km B 7238 % (g cE L7
Wi%) ETHEE 2.0m Thotzo ERBEHDOLKE
=12 5 OB 8.5 km + VHHIHLKHE
JE 7.5 cm/yr = 113,300 4E20 5, HEREHEEE 1.8 cm/
TAEERD SNT0 EREGR % HE O Y O
BRFICED T0em ICET LI EDHLHOD,
KEBIZH 40em TH o720 ThE Y, B
D EEAAEIIT B & F 22,700 4T & HEE S iz,
L72h35C, Wi, Whoise i, vai it ol
8N E W K R I il 2 © 2 21 1.9 km,
9km, 11.5km O EIIH-72EEZBNS,
BETEDKIBSIEIE S 1 vol % LATF O JERE
REREBRETHRINTEBY, SEARS (K
5vol%) CELXRAVEBOWH RIS EET
bo AT O05mMm L TFORENL - T VA
BRI Ve SRS OWBERIZVTILD
BRD 5 WIFEHIRT, LIE LISEA IO %2 7R
o WAL, HRES OO
EDXIANBOOLNDLDRTH D, WTNLD LK
WHEET, 7 AW OXRMIFNHEICZST
S 1mm EEFE TN THA MEBEDH LN
bo YA VEBALMOEIFEOE S 2mm DT

T, BIENBNCE A ELRETALN W
Z LD, 14°S e JEE R Y 48 R [ T
EHELIZEEZON, BaREBORTERHEL
FIE L%,

1-3) EEHIY 1 b 1256 EXBRER

8°S X 14°S O L H IH LW E REAF Tl
M2 AR E MO RAEE X RRDL P TE
B0, EARNES ORISR LS 2 T3 5 &
LIINEETH B RIEMHIY A b 1256 TIIEZ
100m #8254+ 7)) v Vika % Bl L Cllf
IT7ERRLTBY, ERESONEREEZ 2
CENTERLEELRTH D, MWHIVA - 1256
1%, 1500 FAERTIC 22 em/yr TR HILK L TWw
WK TR SNz a3 2A 7L — M ko
A % C5Br-C5Bn RSB $ % (Wil-
son et al., 2003, 2006) ZZIEhT VAT + —
LAWK & e EHELRI TR shs 2 L2l
& 500 km PA_EIZ 72 o THE a2 7 x>~
M oA IEICH 725 (Wilson, 1996), 55 206
KRIWEIHLBE T ON 24> OWEILDO I B, b
L2 30m BN 7z 1256C fL & D Lo #iz A i
EHCRUERE Ebh s E G2 HEL
720 BIRBEHIZCALTT75m, DFLT100m LA
LOEERHY, BELHOERENIZIZRLETH
HZEND, HEEB10m M LEoOWEENIEEST
55-10km F 7 v YV CHIHEZ IR L 2B EE
RIS 7z (Wilson et al., 2003), & ABEED
RAPHEERTRERL, TRL Y T CRER
THbHIEND, T4 b 1256 DR D KL
TR & N7z e 2 © IR R~ O s %
AN EE L2 EFE 2 5N 5 (Wilson et al.,
2003), ¥4 b 1256 1ZFEHEDOEKE 100m FTD
P )l BE DY 4.8 km/s % M8 2 % i i BE U 0 AL
12 & 9 % (Teagle et al., 2006), 20 km X
12km (2D 72 o TIR 25 % & 3 Il AN E &
250 m DRI ENF 7)) v VIRETDH
HEThHE, FHESES0mM & LTHERIIE
1210 km® # B2 2 HERBERE R D,

1256C LTI L TO®HEZ A P2 & LTT
HifE Lo a I 7 AR S e (37 B
91%). LEBEAE 7 5 A NI 727 A Eh D5t
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ATHERELTBY, EETHRNAZDITHRNITR
T E Ub I e i 2 7R3 (Crispi-
ni et al., 2006) . BEHEE 7 7 X MgV (S)E
& 30cm) (K9 80 BED BRI & U T L 7235 A
T =B, ANNY =20 SRR
ML T2 A5 LATE S (Crispini et
al., 2006), & 5IZZOBEKEBIE LALOBE A S
DB X ZEMBARIER 2, NIF Y Fy
7 e AR A DERCRIC TS LT 3 (Umi-
no, 2007), M X1, A S 5-10 km
N7ed 7 v VIZBOTHEERRTIHE - 72X
1, BEoORNRE KRR THE L CTERES
FHax W L7zE¥% %2 5N 5 (Crispini et al.,
2006)

BHMEAS L LT s 52 F 2w Cafk
PHROLRE~FLIA b hbhd, KERHE
Bl &, BWiBlcEEERnE LTh I v RED
EOREH, A=Y x4 M2ET 5, BEBOKX
AR e EBE R T 29 50 AT ISR
AeA—=Ix A Mo, 8kF% ML #kic
BARYEY s VA&, MBETEDE LT
Ao0r777 4y 7HfEERTALE+ TN b
BE5W, To8F AL, BRIRBEEREE- A Vv A S A
FMeHS b, 1256C LTI, EAS 35011
EVTHEE R R LA A LN, B T A b
2O TALZENT TR, A —T v A FASHRAL
L, /Ry Einge s, TH350 2L
AR, /R E HITIZE AL L L v,
ZoX) AN EORBREMNME NTAD
Makaopuhi {E#5i#HICd A 515 (Cashman and
Marsh, 1988).

P4 1256 DL IS, F 7Y v VEKEAKE
EBTE DRI L5720 T <, %100
FAELL B 2 O i gt i EFBORE & LT
FHELTEY, EVWHERYOTIZIEE S DERE
FEDPBEESN T B RMEND 5,

2) JRITERCA L

(Independent Monogenetic Volcanoes)

2-1) MILERK LD & RENRFH]

7Yy VTHAKLEEEZ 5N KT,
B v — MRS, HIREE DS 2 B R

B, (ZIZMEOKRTFRTMZ AT 28605 %
(Perfit et al., 1994 ; Fornari et al., 1998 ; Perfit
and Chadwick, 1998; White et al., 1998 ; Reyn-
olds and Langmuir, 2000) . /NS — b EE R
MoRE 2 O RBARIZIEE il 2> © 2 km O HiFH O R A
THROP-TBY, BEMIPAT2RENE KO
LEHLAzE%EZ 5N TWw5 (Fornari et al.,
1998; Perfit and Chadwick, 1998)., &x DIl
FIEFIH L TRV E 2 H 9 %D Rz M
BDFEART, WHIZKAOZWLAVTZ E bR
AU E - 720, REOKILTIZEEO LK)
HEERLTCWUOLBERETLZ L bH 5 (White
et al., 1998; Geshi et al., 2007), 1K 1X i K
B0km?’ IZET 5HDHH2H, £<130.1km?
DFTHhb, oo matiiRea THR S
NTnaET5E, RIS ZREMITEH ~%
104 L S, RH, IHENH & 12 Eo
1R OBEETEKEZED S %2\ (White et al.,
1998; Pyle, 2000) . &%+ I (% & PR O 3 Ji A & 4t
L7zl E L THIRICAE S SRR E LS 72
B, ZOHMMIOVCTIEELARSLN TV S,
AL HBCK I 73% 3R OB TRAEL,
M CHREI A BT 5, 27%EF 7 v ¥
TOREZHTTRE L ILAEE L (Smith and
Jordan, 1988), & 50 m LA LoD Hijlt % 7213/
BB e W 000 % £ O B BRI D W T A S
&, g FICHTET A D DT, wIhd
WEIE 2 5 1km Pl EBENZZGANCH D, FEICE
BHL K DL FE L W EF A S 5 (White et al.,
1998) o AR HLECK G, B EB AR EEE <l
FVT N BRI 72 5045 % W 5 2%, #Rib3 %K
AR KR O KL BT VU FEE T 50 4 7
Uy VRINDGAEEKD LT S 2 hihd 55
BOMERNGIRP R DIE S 2 L L RT 5 %
Z BB DT (Scheirer et al., 1996; White et
al., 1998; Hieronymus and Bercovici, 2000;
Sohn and Sims, 2005), HLHIZ #EE 2> 5 O
HEL Db, ABEREOMBREARDLLEDND S
(B 4), k7 & 20 17 4E /i £ Tld 1000 km?
H720 OKINEDEFNZIEIMT 55, iy
IR E TR I B 4-13 6 o FE P A TR I
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& Ridge Axis
; i
S 10k A 1‘&} : (M\A A
 phasd “E T
5 s \\ / &m/ k“& ; fA“ M 4
g ¢ a
2

0 bl

1.0 0.5 0.0 0.5 1.0

West crustal age (Ma) East
(B)
- 015 Ridge Axis T Fig. 4
R e . 1
2 oodr Ll il |
F Al et

K 05 00 05 10

West crustal age (Ma) East

WK P #E 15  mE R 15-20 JE 8 38 o 1000 km? & 7
) R K o i B (A) & ARG o g (B)
(White et al., 1998). &5 & b HHEENA TS5 H 4
FTOEBHTAHEIICI0HTETLIIRY > T 5.
KA O ME DB, KINEKD 25-75% 25 A % #iPH %
R

Abundance (A) and median volume (B) of
isolated volcanoes off the southern EPR 15°-20
°S plotted against basement ages (White et al.,
1998). Histogram bins are 0.1 Myr wide and
overlap by 0.05 Myr. Vertical bars show the range
from the 25th to 75th percentiles of edifice volumes,
illustrating both the wide scatter and the skewness
in the volume distribution of volcanoes.

20
Cgllégiir;ze of Independent {7 Independent Volcanoes
156 min. X 0.25 Ma crustal age bins B \Volcano Chains ~
(~40 km centered on the axis) — 15 €
Abundance of Volcano Chains b=
15 min. X 0.4 Ma crustal age bins S
(~60 km centered on the axis) L. 10 S
@
8
H o
& km?
s U

= \ 4

- Axial Cross Sectional Area %@%—2

(proxy for magma budget) = o

1 1 I
16°S 17°S 18°S 19°S 20°S

5 WKV PRI R A 15.5-20 BE0 o+ 7 ) v DRI B EE (BX) & i o 22 Wit o 218 (FIX

Scheirer and Macdonald, 1993). I il o Tij §I 20 km

pA

(fhar gk ) & 80km (KILEY), i J5ic 15

T EICRY o 2N O 1000 km? & 72 ) O KL & RS, KWL F i il AT 4 km? BLE o S

WL, M7 KL A% W R 19-20 BELC I K ILFI S FAE L 72 .

Fig. 5 (Top) Total number of volcanoes in quarter-degree latitude bins, 40 km wide, and centered on the axis.
Independent volcanoes abundances are normalized for the area covered by seamount chains in each bin.
(Bottom) Cross-sectional area of the rise axis from Scheirer and Macdonald (1993). Volcano chains are
found only where the cross-sectional area > 4 km?, but independent volcanoes are found along the entire rise
segment and increase in number from 19° to 20°S, where chain volcanoes are absent.

ZHEDBEL TS, T2, KIMRO AR O dr et FLUENTTRETEDIDEAVWEZEZOND
1, 10 HAERIDIEZAL L v, FERO B LI, (White et al., 1998) M3 LS K 1L o 085 B2 (&
KVEFEHF L4 (Smith and Cann, 1992) <3 T ENASIEIE < RE D EASo 2R 17 ER E R
K% i B At 3% (Alexander and Macdonald, FEDGD LM 14 BT, WO E
1996) THLHIGNTW A, ThabbH, A HE MR 15 B, 19-20 BTV (M 5). —7, Kl
KILNZ 20 JTAERT & D I L CHAL, 105 I OBEFE IR 17 BETRE L, MO HEC KL
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XM R BARICH B (White et al., 1998),
1000 km?* & 72 ) ORI HB K 1L O F& AR 13 B0
L BBG MMM L, 17°S TR E i 15 £
L 19-20 JETld/h & (White et al., 1998) .

2-2) 9°-12°N # 7 U v JBEDER

BRI AL CUEAbHE 9-12 BEZ 20T Tl
J5 i % B A 72T 5L km OFEFAICOWT, i KHE
RV A 7, ERRE R RIRE LR S LS
AT R, SFM 7 H R B IR A 2 T h T
% (Toomey et al., 1990; Reynolds et al., 1992;
Perfit et al., 1994 ; Dunn and Toomey, 1997 ; For-
nari et al., 1998; Perfit and Chadwick, 1998;
Crawford et al., 1999; Dunn et al., 2000; Reyn-
olds and Langmuir, 2000; Crawford and Webb,
2002; Sims et al., 2003 7% &)o JL#E 9 JE 30 45—
10 B£ 00 S fFamiZig i A3 » Lasy, <7<l
WMENEWEPFHEEINS (Macdonald and Fox,
1988; Scheirer and Macdonald, 1993). dL# 9
£ 31 43 Tl il 2 & o rdl 4 km X H74 8 km
OIS, PREED S PRI N L EBFALY
%) 2_7 73‘515 %) %ﬁ vy 238U_230Th 33 J: Z):‘ 235U_231Pa
EREZRTEED» 54T % (Goldstein et al.,
1994), TNHDOFH LA T v VAL,
A5 2-4 km BN 72EAH K2 SBH L 724K
RRADRMRZ I L Twb (Perfit and Chad-
wick, 1998) .

ek 9 JE 48 53--52 43 TIL MR 2-5 km 0 i I il
Xy — MEAETEDR, TH100m LLF o
#i1#¥ Axial summit trough # #2, @ X— ¥ —
MEE TEDNHESRIEE T v Y AN
Ao, HEIRIZHE->T5km b\ 720, Fhiil
B ONANEERTEZ 1km ZERTLTWS
(Sims et al., 2003) . HHlH DO/l 2-4 km Tl
ZEA7 1020 m (FEDWIEATEEL, £ 7 v Y
DOHFNEWEKIZ X o TE U 2RRiEE 0 R/
BrhErWBELE-720, MBIk > TEMS
EHNTW5,

HORFE PR O AL #E 12 JE 00 47-20 45152
Rl % £ P 16 km X BE L 30 km O iR T
&, A 70y VKINAPKEOB X2 20% %5
9, 9 BE & FARICHLIRG & o /NBIR R, WY

fERBREE I LVIESI, ¥— MEREED
HE100m IFEDPTHBEARZEEL TW5
(Reynolds and Langmuir, 2000) .

3) KL% & K LAk

(Volcano Chains and Volcanic Ridges)

3-1) 2%, ERERRBER

B BB AT VAT TH T S U KL R ¥ 5 it 25k
RIS LTRIWFNZ R L7720, H50IEHRkvwil
WK DSE AL L 72 KILBED S < i § %
(1, M2)e S5ITBEET 2 KIMESEEL T
EARICHAEZR ), ERGERILKE 25723
DbHLH (K1) NS DHEEAKILIRR KILF]
7L — MERG & FITFATICED, TR 25-
440 km 12 Je 50 REBPRIKPHETL—F EIZH
% %3, Easter Seamount Chain ® £ 9 12+ X %
TL—FECHEETLHDHH 5 (Sandwell et
al., 1995 ; Scheirer et al., 1996 ; Rappaport et al.,
1997; Forsyth et al., 2006; White et al., 2006) .
KFFET L — b Lo KR KON FIER I
WIEKRILNRA D B Z &A%\ HORT-EEIEIE A
TGN IS W 17 BE, 18, 19 BEITHR
L, WS 5-50 km BN /- KFET L —
b I3 E S o KB A 5 7 %5 Rano Rahi ‘Kil
BENIEH > Twb (K 1)o Rano Rahi KIL#E X
P85 12 MV oA ik % %, Puka Puka Ridge
ARHE L Tw < (¥6), Puka Puka Ridge i&
1500 km (272 o THEATIRIZEET 5 KLk 2> &
70, Wik 7 Ly F K R ¥ 7 O Tuamotu i
BOEHRIZE TET b, 14°S EREAED S
F 2 KIyNE il o 70 km 75 C Brown Ridge
CRAEL, S5 L CHEIT 9 % Sojourn
Ridge, Southern Cross Seamount ~ft < (X 1,
2). Sojourn Ridge I3 K ILIR o & K D B %
AL, IR 440km, JEH O MK » S O S
3500 m, THIBODKE 200m IZET %, MEATT 5
Southern Cross Ridge, Brown Ridge & & % |24
IEE 550 km, #&AFE 700 km?® O F XK ILNREE %
W % %72, AR 14 £ 30 71X LR 146 km
® Thanksgiving Ridge, F# 15 J£-15 % 30 4
1Z1% Hotu Matua KILU#ED S 5, %13 450 km
X 65 km (275 TH LWiE R 2 1) Byl o
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¥ 6 Puka Puka Ridge ® LK (M2 E 11X 15K).

)y FF—=5oMpridK1 ML

PIHMHER RIS A E 2 o> TRRKROKIkE > < 5.

Fig. 6 Topography of Puka Puka Ridge (Location of the mapped area is shown in Fig. 1). The volcanic ridge
consists of superposed flat-topped conical volcanoes. Source of the bathymetric grid data is the same as Fig. 1.

KIF) & RILIRA 5 72 % (Forsyth et al., 2006) .

LR VAT BB KL & TRk 00 /NBURR 72 S TH K
AP AER > TTETEY, NIRRT
A IR LT R UFA L7, —fH
BKILFETH 2 (B 6)o KILFIR KILR % H
T 54 DKIEDIZE A LIZEE 4km DT,
Few 800 m (272 7 o A AR KILIR 13K 7Y
HIREE R L A F v o AR O Tl A 2R Y 12
RIBEND5, Zhsidwvdhnd s s FAric
FLH 3 % pi TR 7% % (Smith and Cann, 1992;
Magde and Smith, 1995 ; Smith et al., 1995)

14°S ERE A O 2> 5 Brown Ridge i <
KILF)TIE, WIZED o CTHABEERD - D
HERCKILEL, RRE & D ITHECEINL, KRS
W4 % (White et al., 2006) . Brown Ridge X
Sojourn Ridge T K IR ZEF O WEIL 10 km (3
ETH DL, WHHNISER Eh L Bbh b/
KIED AL E S E TIEDS > TWd, &
NOEDOT END, FTIRVHEPIISEL 72~k
REEASFEE L, AT THARALEARE I —D DR
FIPOEL Twio TRINFNE 22 ), HAEICIE
10-156km D KR Z K L7z ZE 2 65N 5
(Lynch, 1999; Forsyth et al., 2006), Z® X 9
ZKIMROIEEGHEFR L, KWK EIC X 28R
B DI E TV % 3+ % (Hieronymus and
Bercovici, 2000) o

3-2) X%l - ALAROEKE

FORTPEEI 8 IR 1 7 7' L — MILRTF
m&ky P ARy MIT S EE) G mNITE
—3 L CTHBY (Scheirer et al., 1998), KILF|=%
KINIROBFH S 1S D F I FATTH %,
Hotu Matua ‘X [l # T 1 0.16-6.1 Ma ® Ar-Ar
ERDRE SN TS A, [ CKINF Lo B AL
& AR O BN RN % BIRIEAFTEL v (For-
syth et al., 2006) . Gravity Lineations Intra-
plate Melting Petrology and Seismic Expedition
(GLIMPSE &) T 2001 4247 b7z g i
45T Matua O3 AL TRUNIEE DB S v Tw
%5 Z &5 (Llenos et al., 2003), Matua 13
LB O KILEELE % 2 5N %, Puka Puka
Ridge % Sojourn Ridge Tl&, GBI LA S
WANERBH LT DL, HEP.OOREMEEILT
L— MEB)L D W, [\ U KR 48 B it
TRIFHNIZES LT\ 5 (Sandwell et al., 1995;
Forsyth et al., 2006), L722%->TC, TNHDK
WH] - KINIRO K H A > b ARy b TRFHHAT
&R\,

KIFIRL KINIRIZH > THOR ¥ PV T =57 —
BEPBEASINTED, Bl zidsfo~x
7 DFAE % RT3 5 (Sandwell et al., 1995;
Harmon et al., 2006), Sojourn Ridge % it »
TVH#E 115 PEA 3 2 B L2 % 450 km O Il ##
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Wil TAT LN HIERIRIRA K 2 &, L0
P OIE S 12 6.2 km TEARMEEIXIT &
A EZAEH 7 {, Sojourn Ridge 75 2km I3 &
222 & 725 720 it AS 8.2 km EJE L o T
% (Holmes et al., 2007), L7:%%-> T, Sojourn
Ridge IZHIFRDOBEIC L > THZOENT WD, K
RS KINF 238 i 5 B flE 14 BE & 17 BT
X SRS <D 1A%, MEPHORTER I
MCTRROWMMZ AT 52 &h5 (Scheirer
and Macdonald, 1993), iR H~n~< 7 <L
HRBNEEZOSNTWAD, TOZENEKE
LR KILIR DI BIFRS B WD D % o

1. 77Uy o< J<Di8iR

1) 7Yy~ T RO

BRI B0 70 v Y KINERET 5
R URIEEHT, —RRIIEEA S XD b et
FHEDOEALICEA TV S, LRI, T
W~ r~veMonEE2 AT 34, KK
MR ERET 5, NS, Ment7) vy
K=< 7 < ORI OV TR 5B,

1-1) EXBEEE

1-1.1) 8°SEXBER

8 SEKBEHIED A S X HKIE MgO 6.3-8.2
wt%, K2O/TiOs Lt 0.04-0.10 ® NMORB (Normal
MORB : —f&W 2 diginz ik er) <, LI
FRALFE I O T — 7 % B T BT KA L B
T 5 M S ORLHIPAINIC S 5. b L
7odvibEE AL e — 7, EEEEERE & D
IHEW Sr & E R, Nb/Y Jb& K/Ti ki
WE AR — 7 L ERE e H TR E <,
B3 il dias, e aiEs oM
%Y, BFEFET Y DV E D o
& &N Twa (M 7;Hall and Sinton, 1996) .

1-1.2) 14°SEXBTER

14 SERBHEIZEEKLE LTAEGITRICE
L < HEIRAYK & v (MgO 6.6-8.9, Mg# 48-
64) (Geshi et al., 2007), dLFHEET—T LT
W, F 728 RO K51 NMORB T % 25,
INTEER O VA Il WA 0/ A RO L
ML 1) & Evy EMORB (Enriched MORB : A~

HETHELE EICEALRPREREIRS) »5%5
(K 8)o WHAERDFMAE 23 P ULiESFRIL R D
SAELTEH (MgO 6.5-7.8wt%), K, Ti, %
THOCHKRE IR R {, TMORB (NMORB
& EMORB O B 22 {LEHK & A 3 5 i
MYRE) O %~ *He/*He (R/RA) Lt
1% 8.13-8.98, ¥'Sr/*Sr It i ¥ i £ ® EMORB
(0.70269) % Ex\>T 0.70241-0.70259 &\ d
NMORB O#fiBANIZH O, 7 IV — A7 B L7
» 5 N % v, TMORB @ # )% % 1k 13 NMORB
85% & EMORB 15% D{REIC L > THELx T
SPLRRAL S VT U AEERSNTAIET
FHHEETH 5 (Geshi et al., 2007) o

1-1.3) EEIY A b 1256 EXBAER

EREGEO—H 2 mE L72E e, 44 b
1256 DS, HRPTRLSIELTED, K
Mg# (69.7 = 3.6), 5\ FeO (13.4 = 1.0 wt%),
TiO; (1.9 = 0.3 wt%), Nb (4.33 * 1.18 ppm),
P,05 (0.16 = 0.03 wt%) THBAIFHNE (X
9)o 4FIC 1256C fLTIZAE SR EAI A L %2 5 8
HEDOE PSR T K0 (0.54-0.75 wt %)
FEATABENEZ10mIIbzo THIEYT 5,
RSO EE - W - R X 5
TR E NG E 2 5Nbh, il e
INRSLTHL, BHERMLLID L THOBAEICIE
Nb/Zr LA W7 v — T e REHE 5D b1
Nb/Zr b 7V —T 3% 0, HaE iR 2 Nb/
Zr It % 7Rk9 (Wilson et al., 2003), L7245 T,
F 7y VEGIZE T O~ 7~ LIdR R
AP~ TS5t LI EZ NS (Teagle
et al., 2006) .

1-2) #IATBRAL (9°-12°N A7 U v VER)

9 3L MO+ 7)) v Vi a0&ERb
FRBEFE & LA S & ko NMORB
K Z AT 5, HEOZILIEARE L, w9
J¥ 03 437> 5 Clipperton b 7 ¥ A 7 + — A Wi )&
F TOMNIGAGTS 5§ T ORI 7 MUK
PHIC 725 (X 10; Perfit et al., 1994), F72, il
1% #h @ B 2-4 km 12 1% K,O/TiO; t 0.15-0.22 &
EMORB 5235549 %0

HEIFESOTDF 7)) v VIEHITTRT
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7 8 SEKRBEEOEEFMME (Hall and Sinton, 1996). B =4 © I sl #8 5, T oA B,

L e s S B AL o v — 7, By de i

we . (A) MgO \2& 3 % Nb, Sr, Zr, Y ® (LK.

Sr-MgO 7 & g i i, dL#B, MHEEr A LHAY L o0/ BS It TRETF 2V ERDb2 5.
B) Y VA YS UVENPRKSHER (Shaw, 1970) L7z & X OESERAEE &~ 7~ h o Nb/Y It

& K/Ti o %A1k,
Fig. 7

V=AY MO E— FHLE & & #E A1 Johnson et al. (1990) 12 & 5.
Lava geochemistry of the 8°S large lava field (Hall and Sinton, 1996). (A) Solid triangle: axial lava, solid

circle: Southern lobe, open circle: Northwestern lobe, solid square: Northern lobe. The Sr-MgO variation
indicates that the axial lava, northern and southern lobes cannot be produced by the crystallization
differentiation of a common parent magma. (B) Nb/Y and K/Ti ratios and model fractional crystallization
trends for the axial and the large lava field based on Shaw (1970), and using the model parameters of

Johnson et al. (1990).

K,0/TiO; < 0.10, Mg# 50-64 ©» NMORB T,
RRMMELTWE L0, Kb~ v bV THK
L LR EICHE Ny — ik iias & & <P
Tw 5 (Sims et al., 2003), % 72, Nd, Sr, Hf,
Pb [F A f& #1 6% (3"Sr/*Sr = 0.70244-0.70254,
UNd/*Nd = 0.512387-0.512412, °Hf/'""Hf =
0.283157-0.283194, 2°Pb/*®Pb = 2.063-2.065)

LMEENAS L IZEAEEDLL RV, TRHDN
"o, 7Yy VEEIZERH~ I L E LEY
FIPOIREL, WEHE T O~ 7<) 50
HEXNTNE R~ <Ry v M TRSELE
SN TS (Sims et al., 2003)

12 EOF 7)) v VIEGERIAGEEN LR
oL TBY (MgO 6.42-9.04 wt %), HFS
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(A)

Off-axis lava / averaged ridge axis lava

3o} 828-6

L 1 1 P L1 el L L L L PSR T 1 B

Ba Rb ThNb U Ta LaCe Pr Nd Zr Hf SmEu Ti Gd Tb DY Ho Y Er TmYb Lu

(B) 70 ¢
24} §
Y&
60 |
20t I
50
828-5
161 o g o/ WX s s 40
mixing b28-6 425.6
30} Mixing “»—*
12}t 828-5
20
5
170 g 8286 @
151 *
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M 8 14°SE K&EHKO&EALYF MK (Geshi et al., 2007). 828-5, 828-6: EMORB, (A) + 7V v JYHEH O

WA O E SO P HE TR LA, ¥ — 75 A, BER: RilkE, JKETF 76 L,
A pRE s, A=A bifEaso—7, B) #dofbt Ly FERG ML P B /il
B, ORGP RERE, AU peE AR, KER kB A — 7, X-MS@EW@EE%%”
+ 1 8°SHEW N . HUiE & © EMORB & NMORB O i & # 112 TMORB (828-1,2) »'d 5. Hiyeinis
JF X TMORB % 6 O fE b b L v F RICH 5.

Fig. 8 Whole rock analyses of the 14°S large lava field (Geshi et al., 2007). Two EMORB samples are denoted as

828-5 and 828-6. (A) Incompatible element abundances normalized by the near-by axial lavas. Two EMORB
samples are enriched in highly incompatible elements, while TMORB samples from the Central lava plateau
show elevated less incompatible elements and depletion in highly incompatible elements. Solid diamond:
East cone, grey diamond: West cones, open square: Central lava plateau, open triangle: Northern lobe.
(B) Fractional trends shown by the NMORB and TMORB samples from the rise axis and the 14°S large
lava field. The parent magma of TMORB could be formed by mixing of EMORB and NMORB magmas. Solid
circle: East cone, grey circle: West cones, open square: Central lava plateau, grey diamond : Northern lobe, X :
14°S axial and basement lavas, plus: 8°S axial lava.
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Fig. 9

Element abundances of the core samples from Hole 1256D normalized by the average glass composition from

the present EPR between 21°N and 23°S. Grey area represents the average * 1 standard deviation for the
present axial lavas. Solid circles: axial lava flows, solid triangles: the Lava Pond (Giant flow field), open
squares: lava flows emplaced off axis. The 1256D lava compositions are slightly depleted, but are still within
the standard deviation of the present EPR lavas. Data sources for the Hole 1256D and the present EPR
samples are Teagle et al. (2006) and Petrological Database of the Ocean Floor (PetDB)?.
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(Reynolds and Langmuir, 2000) .
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BSOS R o KR, KBl
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L, KUk oIAE &~ 7 < /RO IR
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eNd DIERENED b, FEARKIZZ YY) v
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honey et al., 1994)
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DEICTh Do EREEE & AN HSCK L % TR
L7~ 2 <% (1) NMORB # % 2% % \ 75,
TMORB %* EMORB % I ICHEHT 2 2 & 258
LL v, (2) EfomlBEa L bRofbs
LONS LY GALL72dDFE T, TRIEVHEOR
APTIZFEEICER L T\ b, (3) O
WEAE LY I AESICHE (T8, LIL, HFS)
B L72D OO EALZDLOF THKOEL)
RKEWZEDL VA, FEASTCRF ORI
BEAEEDLSRWIZ EH DD ALK B 50456
(4) FMARMBITEEOMIBES EFMETH S
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10 HKFHRBRILBOF 7)) v VEAOEALFMB (Perfitetal., 1994). (A) B+ 70 v VHA,
F=f R Mns. 70y VBB 3BBHMESE T —N"=5y 7320, MEDHTIPHMEOITS
DENPKEL, FVHMLLABOREMORB A2 &t (B) BAL: 4 7Yy Vind, R
M) : iR B (ASC) ¥ %, + : EMORB. TiFe8.0= (Fe08.0 —10.04) + 1.5(Ti0,8.0 — 1.51). Fe08.0 &
Ti0,8.0 1 MgO (25 3 % FeO, TiO; ® ZfLX T MgO = 8.0wt% ® & & ® FeO & TiO, D fli % K 7.
Fe08.0 & Ti0:8.0 ® V-3 fl 1Z Z h #h 10.04 &£ 1.51 T, TiFe8.0 I Fe08.0 & Ti0:8.0 ® FIH H & D I
EOEAIMERMT, TRZNOBEERBOSILOREZHIELZHY I YDIXLD2 X2 RTNE
ELTfEbNR T2 (GEL < X Perfit et al. (1994) % M), i #h © H 2-4 km |2 EMORB 7% < i}
HT 2.

Fig. 10 Off-ridge lava compositions from the northern EPR at 9°30'N (Perfit et al., 1994). (A) Solid circles: off-
ridge lava, open triangles: axial lava. The off-ridge lavas overlap the axial lavas, but the former have more
differentiated NMORBs and EMORBs. (B) Solid circles: off-ridge lava, solid squares in the grey shaded
area: axial lava, pluses: EMORB. TiFe8.0 = (Fe08.0 — 10.04) + 1.5(Ti0,8.0 — 1.51). Fe08.0 and Ti0.8.0
represent the FeO and TiO; contents at MgO =8.0 wt% on MgO vs. FeO and TiO, variation diagrams,
respectively. The averages of FeO8.0 and TiO28.0 are 10.04 and 1.51, respectively. TiFe8.0 is used as an
indicator of the diversity of the parent magmas. See Perfit et al. (1994) for details. Note that EMORB
lavas are preferentially present on the Cocos Plate (east of the rise axis).

el HTRLZ2L0E250LLAEDD %, R ENTEBH S (14°SEREBEEE). (6)
EMORB i AMICD =YY vy FLTWBH OB~ 7~ O EE O WTHE L2
EHDH D, (5) EHFEOMBHAELIIRLLH~ bOVH DB (AL 9IFE50575). (7) EREEE
FIHRT B 2 E DS\ ETARIARE O E W FRKEOHL L EA %2 EHIICEH L TWw 2,
THEUZEAEE B SERBARE), ThEhl RIS T B e LCTER % AMC (i
371242 U7 NMORB & EMORB O &ICL - T BT~ 27<®0) o4 Ed 100 oA
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WRILE DB A7 v DI L, $100km L
FEENZZHETCH R T 5. (2) WK
DOKRTFHET L — MINRTEL, FRICHRTEEICHE
T35, (3) WESLFRMAEHIIZ Y v F
L 7= Faf 17 BEARE CUE, Kilgl - KILiRIC S 1A
BRI ) v F LG OEGFROLND,

Perfit et al. (1994) 13LHE 9 & 30 45 EMORB
7RI ATY v VT TR L, WD
BT S Twa L% 272, AMCICHHE S
72 EMORB (3#1%12%\» NMORB ~ 7' < L iR &
T 572012, BT Tl EMORB < 7~ O ff
TR TsZ 3Ly L2L, 70 v Y
Tl AMC 2T KT 572912, EMORB #°
W LRT v, —F, EfAmcz ) vy F L7k
17°S il 5 % 5 @ % A 12 D v T, Mahoney et
al. (1994) | NMORB EEWE TdH 51 L7z
<V MV ERGRIST IV — A 2 AR 2 A S
LYPEDIY AAFNCRUE L 728 E X 72,

U Eofs L R EREICF 7)) v VKILZEEEK
L2 7 OREFIZOVTRD & I IKE2 % 2
%Ki L7 NMORB LTy vy F L&
EMORB K2 B ) AA R~ =iz nEh~
Y MVHRTRAET B, TRSDWNS Y 77,
< v M~ o AR L RA L OE NI X
D, %M1 NMORB, TMORB, EMORB ~
r<hotz, LR OEW )5 EMORB &
LD A7)y VICHBE LR T, 7,
NMORB & EMORB 254 L € TMORB & % >
T+ 7)) v VCTHEKT L, TOETFTNVIC
I, AMC R Z DT Ikt < T ik ak 50 v al
HEA 7 v TRINOMEGR E L TidE 2124
Vo TOMOT IR E LTEDE I DD
BH DL TH D) e RETLAETHERDELFRY
B & WS EoBE» S, 7y VKoM
FUZONWTERET 5,

2) BIBRKARILEBEXBEREOHIGE

Mo HCKIL, BEREEEOMBUE & B2
il o3 B 20 J5 4R AT (R B9 K 4 A% 8 em/yr T
i, WS 16km) F TOMME FICKE
S, WG TAT R ENERERREAKITE LT
Who Z ORI R S I H 72D,
EBTERDIEET 28I TH 5 BN Otk
WWEERITERTE AMC B X OZDO T EIZLAS
BEIMDERERNICD L LEZONL, TD5
FUIHE g 2 O D BN Tw AT,
Mt Z E I OVERIC & » TERm L2 0 %
L, HGBRNICEIRIG I 2 RET 5 2 Wit h
%o F7z, AMC E T OEBCA RS ER LTl
DT L—MIML, wHE L ITHBE T RIS
Gl &3 2 720 IR L2 d > THAENZ /2
ba, TNHEEE 2 SEEN A2 L7205 TKF
IR 5 7212k FEpICHiE 24 U % (unbend-
ing; Buck, 2001). EEEIELO L 7) v VK1
X, SOV — MERFIIIER T 5 RN G
NGOTTHELENEREZAHLTHEKRLZE
Eibid,

FORFHE I o AR 9 BEAT It o #520k b £ 2
F74—=12k%&, EARETFTIEIEIL0  km 12
S SHPH T~ > MVICHR O ERIDSEO S s (M
11; Dunn et al., 2000; Crawford and Webb,
2002), L7225 T, TNH0+ 7Y v I KILO
RURFERE LTI L= MEASERO~ Y bV
FREPEZOND, YV MVTIHELE T
X, AMC, T#Hiz T o 2 )V (Boudier et al.,
1996; Korenaga and Kelemen, 1997; Kelemen
et al., 1997), WEHE T ~F 79 v YO EFE
#1 Moho Transition Zone (MTZ) (Boudier
and Nicolas, 1995; 5t - FI, 2003 ; Sohn and
Sims, 2005) IZHEZ 6N, + 7)) v Y KILIOT T
<RI E o 72T RS D B o

2-1) EBE@METOYIVEY (AMC)

1980 4EARIC LA 9-13 I B W TiT b7z
RWRAORE, FARTHEREZEE T 1-1.5 km
WX 7<BY O R Z RS RC KRS Y, £
D TIZIEE 4-5 km OREFEFHILAYL 2 % H FERE
EAE B N7 (Harding et al., 1989 ; Toomey et
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Wrat=#mar, ke

11 (A) HKPFEBWILHEIE 305 0MEN FE 25 74— (Dunnetal., 2000). {1 fi o A% W1 & i B
M 1.2-8 km O KFWiiii # 7R 3. (B) i compliance & Hb 5% i 2 B Al 18 12 J6 0 < RS ¥ i 1 b f
9 J¥ 48 43-08 47 ® A )V b 43 4ii (Crawford and Webb, 2002).

Fig. 11 Seismic tomography of the EPR 9°30'N (Dunn et al., 2000). Across axis and subhorizontal sections from
1.2 km to 8 km in depth are shown. (B) Melt distribution beneath the EPR 9°48'-08'N based on seafloor
compliance and seismic velocity structures (Crawford and Webb, 2002).

al., 1990; Vera et al., 1990), 5 % JGIZ Sin-
ton and Detrick (1992) 3/E & 100-200m ® L
ARSI WY RTHME L TEDOTIZE WA
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DR ET OWEAS 2-4 F5C)E 35 2 & A3 B
L7 (K 11B). BT OIEH2A 2V b G5Ah
M, 7y VTHELHBRERICE TET
DLW RIZE o 728 L WBOKRIEER 12 X o THifEh
DAV MGAPHF IR TR EEZLND
(Crawford and Webb, 2002; Maclennan et al.,
2005), Z D7z, HEF O XV b ORI
AMC & Z DT OIE 4km LT OB FHIE I BR
bNb, LEZAD, F7 v Y OEREERRM
SEHBCK I & A U 2 M i A 5 20 5 AERT E
TOH#E (<15km) IZER->THBY, AMC H»
SEAREIN L E RISV, T2, B 14
WA M1256 DL YL LB ER S R AE
KIBEEIL, KEOS <22, #Emoitd s
WELTI0km® A =% —DO< 7<) 20 E &
T 5, L2L, WKFHEREDAMC O KR IX
= % 0.05-0.15km?® £ &£ T & 1 (Singh et al,
1998), HAFEHH DO AMC IZ 10km® 22 5~
IReEZLT LV, BSOS HA D
WK D HE e VB Y i & M DR S, T L — MERKH
FEDORIMRAD S, HORFEREN Tld 2 4F12 1 EOM
ET0.00lkm? + — ¥ —DEKBHDLHEEZ LN
% (Perfit and Chadwick, 1998), ZiUx~7 L —
LRI 5 T bR D 2205 ) A3 B 5
572012, KEOITIE2ERTHHD LAY
IZEMRBE AR KDFET 5225 TdH 4 (Umino,
2006)

2-2) TEHBDOI IR T~

TR 2 I A 9 BE o0 AMC T8 T IS L IE
4km O P AR ERE FIRAFAAEL, DO R
Vb E IR R & RS TWv S (Dunn
et al., 2000), P P DS HIREESIT & HL % B
ZEnD, FEHHBETIIE AN MIIFEA LT
FELRWwWEZZ 515 (Dunn et al., 2000), —
W, BEKRRThHoloF =V F 74454 b
T, THEmBmOERIIEIRT7aTH b, B
DA A LTI TH o720, WHLRHE
AERPBIBEINLZ L, MTZHhOA7a v
W USEMAE - MKAEAT A Lnb, 13T
KFEICEALZZVIVEEE LTSN 550
EITHA (Boudier et al., 1996 ; Kelemen et

al., 1997; Korenaga and Kelemen, 1997), F#f
W ERO AN VERTUDO L &, HRURED Y
NV ELTTFHIBAIC AL FBRELL 28E
&, B LAV NF v R IVAEEIZ R L
= BRI O 13
65?1 TLH» 7%\ (Crawford and Webb, 2002),
Tebh, FHHERTICE W CHIEEEED -
FATHDIEAN LN S TIERL, THEH
RIS B Y VIR~ < DI AV N DSRAE
ILLTWE720THLWHRELND 5o GBI THHEE
25%DIEE 4km O FEMBICEZEND AV b
O EE, [FULIRETEE 100m ® AMC O X )V
MRAZEE Lo RS A i 13637 L D
KENE T IZH 5D TIERWVOT, KO FH
WAL L7238 i Ch it 7)) v ko
WIRERD DD LALEHS, FEEBIA T
J% G U T BB AV 3 Kl O W B S 6 FRLS 45 A
L THEY (White et al., 1998), T
AMC DIREKELBZ 2V VIR~ 7 <8 ) D37
AT 50, 10 FEUTOE T L LA =L T
I 8 o W 3L ) & SR A R A ) L 22 R D
O, T2, A=+ 74454 T
R 7 eld AMC 2R Lz E 265 bk
A 7Ta L) SRS BMEE LT (Kelemen
et al., 1997 ; MacLeod and Yaouancg, 2000), F
KIBEEZ DL BREDOHL L~ Z <2 L
7o VAT AAAAE L 72 £ 13E 212 v,
2-3) EHRERT MTZ

FR—vF T 4F T4 FTIEDPDOTO T ERHE
TholBIRTTuahrb< v MUK EZ Z 5
NBH VT VET 7 M A DA EMHE TR
WTHb7d, TRERM (Moho Transition
Zone: MTZ) & i Tw % (Nicolas, 1989;
MTZ 2> W Tid, AKKHET ORI - BB
(2008), /hiE (2008) b N/zvy), MTZ
TIRBRFEIIC B2 S T > THF A4 ME
BoORAERICIE s I NRA YT AT T
DI NERATZEM, NVIN=T % L MY
FA MR R bNIA N, (BT UH) HTH
BN, Bk BNE Ay FT—-FZRICEALL
P ERT, WAV I N—T 3 4 oSk
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%0, Y bMVHEICEBITT % (Boudier and
Nicolas, 1995; F#213%*, 2003), %4 bhiZiZ
JUAAEANDERHL/Z7uIZ 4 MRy N
S 2, kRO R %Z R %5 M 1E Hess
Deep O it Hll 2 7 % Mid-Cayman Trough &
Ly VAR THMICTHRSNTEY (Arai and
Matsukage, 1996; Arai et al., 1997), Hi# Tl
90 m Ll L2725 T MTZ OEMHDHE S iz,
F72, BiA ~ N Atlantis Banks Tl& [ L
A\ 65000 12 & B AKHAETMTZ (JF &<
40m) DZDOHWENITDOIR, L—VVF A4 b
FIINAVYN=TV x4 e Tai s/ 4
b EIAET B EME IR 7 0 OB RIHEE S
7z (A3, 2008) 0 MTZ I3 HERHEATK & »
FETELRET 575, M~ FEEEO L 912
R IE K HESE T b M < 72 B 720) THARN 2R
LD Sz Gedk - FTEE, 2003) 0

FX—=F 7474 FPOMTIZFEEH m
A5 1km < ICH %55, —#ISHIEK#O X
FA Y MLTEL, &7 X 2 Mg~ T
7% (Benn et al., 1988; Nicolas, 1989), 7,
PEKE T CEL, £7)y VICBETAI2o0
THMMWEC L o TH EHEIX S NEIL$ % (Nico-
las, 1989; Boudier and Nicolas, 1995). #i KM
DHHEMZ LIV VA7 2T HZF0T T EL2
LE3NSLF~—VEHD Magsad ¥ 1 7 EViE L
TlE, MTZ 1Z)E & 500-750 m 233 % (Boudier
and Nicolas, 1995), ZHIZKLTH 7Y v VD
VY A7 27 03 B L72ALE A <~ — VIR T
MTZ DE E 3+t 7 A ¥ LT 300m, [ L+t
J A POTIEL150-30m & AWICH L &
(Adachi and Miyashita, 2003), —/7, Hikidt
FAY MLTHEL, &7 2 2 Mg TE <
7+ % (Nicolas et al., 1996) . [F £k BN H K
AL 9-13 ETHONTE D, 72
M & D B AbRE 9 BE 08 430> H M B R il T Mk
MIEL 72 % (Barth and Mutter, 1996), Z iz
2 D OPLKIN D B TIETGW & 5 IRIS LT 5
DT, LNZL OB TICEALLT W
720 L FHH I N Tw b (Crawford and Webb,
2002) .

MTZ X7/ A7 7WE LR T3 I< L
RYMVA VT VEORBBE GO EEZ b
Tw5 (Kelemen et al., 1995, 1997, 2000; 4
137, 2003; /NE, 2005, 2008), ZZTIE~ 7~
ERB LTV N—T % 4 o A 259k
BFHBRLCh v v REBT R EAE LS. K
ROZRAE T-NIV Y N—T v 4 PR TlEE
B3 DR A LM 20 v 5 VRO RN
BIZ14:117%2% (Kelemen, 1990), T
DU EM L~ MvhoEnE % FHTAE
RE~r~iE, Baor s v aERIELTY
A ME2EEL2D, HOOWMBEE LY Y A1
FF L 72 F AN E T WL, 2D X9 G
R CTIREMICHBEANFNE L 2~ 7 <, MTZ
T4 bEFEERMEE AT S (Kelemen et al.,
1995, 1997 ; Korenaga and Kelemen, 1997).
HL7h T VAICE > TRHEDILBEEN TS
L, RVTIITEN VTV EOHEMIHT N,
FEHHA OIEFTEIRIE S 55 b, EHIC
WIS TEIRP O~ 7~ O LASHES TS
e, WEMIZIZK R Ti % EORBEAICHEITE
WAL L, ANAREER 7, EOE KD
i3 %, L722> T, MTZHIZIEZFy 4 b &
HAEL 9 % Mg# OFEWKGIL~< 7= 00 5 E KL
W T 2L L7~ 7~ F ClEWHR O~
FINEBEICHFAEL T LT REND 5, T/,
A T FOCH R LIL 0%, HFS tH# % O A
HRFTICEGHMMLL Y SRR B s
FFA DB MTZ IR SN 5 (Arai et al., 1997;
Arai, 2005),

TR D~ 7 < % G iR E R IR T,
MTZ OGRS EAEOIRD ) 28> T b,
FRFHE OIE I EOWE NV ET T 7 4 —
X MTZ 2 AMC D 14155 D= I BT 5
Z & %pRES % (K 11A; Dunn et al., 2000)
F 72, bk 9 B 4843 & 33 44T, B Hh o H
10-14 km @ F &bk ~ MTZ F L1234 5 % A
VS E TS, (X 11B; Crawford and
Webb, 2002) . Ak BRI R T Ib#E 12 TR
S HBESN TV (Garmany, 1989). il il
TofFa s, B ETEA, BN L Zd o R
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AN TEYVHEFIE o TWEDT, w7~
MTZ A2 IR~ 20> TREIT 5 (K 12;
Spiegelman and McKenzie, 1987; Spiegelman
and Reynolds, 1999; Sohn and Sims, 2005), 7
L— MERIZES TZEWICHER S N2 v v
LTI, PRI FCTLA L~ 7 <ICl_TH
TN I TIONBAEEITLREIHET L LT
M X 1 % (Spiegelman and Reynolds, 1999),
—J, MTZIZ b5 v T8N0k~ 7= R ih gk
AN FA el LILSER EOREATT
FILEATWS, 7)) vV~ ~EMTZ~<T
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ORBEICE T, MLizv s oliki~ s
< T CIREVWHIEDO< 7 <2 E L5 2 L&
N5, 14°S ERBERFEOFMAKE 23 b ims ¥
FiE, LMLl Twad s K, Ti, &1FE
IBEEAH AT, NMORB & EMORB DR &2
XoTHELREENRTWS (Geshiet al., 2007).
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70y VIR SN EEN GHE L
AbNb,

7'V — MEKIZHE D BRGSO B T Wi e
RYITYHEAZL>THEEINEDT, £ 7y
TCHEMEHICERN T 20130 VA7 27 O
A7)y VRINOMEIZE o THRAETLEHN
7)1 TH 5 (Hieronymus and Bercovici, 2000;
Sohn and Sims, 2005), * 71 v JIZBIT S
VAT T OEFHNIAE S T A A TR O iR
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Fig. 12 Asthenospheric flow and magma paths
beneath a fast-spreading ridge (Sohn and
Sims, 2005). (A) Magma ascends to the
base of the lithosphere and flows toward
the ridge axis. (B) Off-ridge magma
chambers form within the MTZ and extrude
far off axis.
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(Umino, 2006) % Z% 2, #EEHR O FIY 8
% 2850 kg/m®, <7< DHEEE 2700 kg/m?® & T
bE, EEX55-6km Oz HWTHERICET
# L2 BRGH o~ 7 < BEMICIE 8-9 MPa b @
EOWRBHENPHDL LR D, L, —Hib
RICEFTETLENADETLE, HExON7
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(Scheirer et al., 1996; Donnelly et al., 2003;
Forsyth et al., 2006). &L LT, ARG
Wb 7t/ A7 =7 it (Forsyth et al.,
2006), VY AT xT-TX/ A7 xTHRET
ST AN 3 (Buck and Parmientier,
1986; Haxby and Weissel, 1986) (X 13) & v
P ARy MEEE O F NV — 2 (Scheirer et al.,
1996) HEVEZOLND,

FUIRELF L 72 LB R KILBR & A2 U7z & L
T, 7= MEHT A)IR80 25 BRIS T 2 5807
52 ENTE S (Sandwell et al., 1995), LA L,
YV RA7 27 OENBIIBW EFSNATE X
Tz 7 BWEBR AR T 012 10%FRED
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2583 - THEE DRGSR L7z Y, #i7-H
N HRDFEE L 72 RS KR 2 o e 11258
5Nz (Forsyth et al., 2006). —J7, K
flrSEN T Y A7 2 7OHINHES T,
HEENEDSREAEL, VAT T Fildho723
FIPEW L7z vy EF VA H S (Sandwell
and Fialko, 2004), ') Y A7 = 7 FTJEH 800T
ol ZICHNEPRET L6, H¥8Ma
TYVA7xT7OIEZIE20km, AL 2ENH
DOIFIZB L Z280m L2 2 &MFFEN 5,
HNHPZE< Y MV H YTV ED 1km ERT S
T2 04% MRS 5 L 75 X 10'm® O
FEALHZ LR % (Forsyth et al., 2006) o
i, BE 1km, & 150 m FEEE O KILIR O &
FEIZHY L, Hotu Matua @V J5%° Sojourn Ridge

DA A S B & 9 mABBL O KILRIZY Vv A
7T IHEHNEETVCTHMALY 5. L2 L,
Sojourn Ridge % Puka Puka Ridge ® & 9 7%k
BUELKIRZ TR L 72 KD <7< OFEAER, K
AR o 72V 2 5 WA OIG B H.L o B8y, 7
L — MR ST 2 BH 72 &1, IEE 7V
TIEFHYI L

Forsyth et al. (2006) XV YV A7 = 7 FIC
NN 2o TN A A E R TR ) A7 2T
RO IERRB L7z U Y A7 = T3 KEIC
2o THL BZDT, VI ATz TIKICH>T
Who 7/ A7 =7 BIRANER N Eo < 2D
NTHET R W52 O BRI NI Rl 2 kS &
FTZENMREESND, L7~ 7~ Id iR
L7 ORAEDAITHIZ L o T, WEIZWL
DOHRDOF v ¥ FIVPORL, #RD~ 7 < G
Ehedo —Ji, VVAT = TIKEBOMERE R E D
WHT DI ONTARREL Y, BB %
HL, TOMTRIIEIRAETHEVN)ET VLD
% (Buck and Parmientier, 1986; Korenaga and
Jordan, 2003), EHLDETNH Y 7Y DI
HEI 2 SEEN-E 2ADNBIRT Y, HE A
%o THATT 2 DT, KINROIEE L OB
IXFHBHTRECTH 5 (Forsyth et al., 2006) . {EH)
AINIE R R I WP 2B L 72 /N KILEE DT K
AT DA, KILEPEET IO TH#EL
KL E ORNCATEIC X AR A»ER LT,
PEBITHIREEE L 720302 5 KR~ & AL L
TWwWL ZEMEZ5HNA (Hieronymus and Ber-
covici, 2000)

& 2 AT, Rano Rahi KILEEIZVE 5 @ KF
TEA =8 =7 — Lo TPORL T 2 &
P, Fv PARY MEEO TV — AN EED
EMORB < 7 Y OHHRIR & 13 H 212 v, 7272
L, BKTFHER=S=T ) — 505 OB A
HIETH B &3 DMWY R PIIE v &9 128D
N5 KILFNR KIWNRASKEE T L — MU RAE
LTwbZlid, P EdbBFEELTDA—
=T N — L DENEZ 5N % (Scheirer et
al., 1996) KPFHETL—bTFOTE /A7 2T
PEIMTH D0, FAATL— MIRTK
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(B) Plate motion

13 Ky o< 7 < %4 € 5V (Harmon et al., 2006).

Pl i
(C) ate motion

(A) 7V—romHGEE 4+ 7 v ¥ Ko fif i

EabArlZEoTHNEEAEL, KW ERSL, (B) 7L— OB KICEs THL 2o
VY AT 27 OFBICH> THEAXT S, (C) HTL2TV—FPTHEHETLITE /) A 7=2T7HO
EBREPIARLEI L o THRERIL, v/ ~2%43 5, D) LKMo T EAT LT
) AT 2T KBV DD F v ¥ A VIR L THisaig L, KRz &L 5.

Fig. 13 Sketches showing the generation of a volcanic chain (Harmon et al., 2006). (A) The thermoelastic flexure
and bending of the lithosphere due to the load of off-ridge volcanoes cause cracking of the lithosphere.
(B) Lithospheric extension and boudinage. (C) Small-scale convection induced by the unstable thermal
boundary layer beneath cooling lithosphere. (D) Adiabatic melting within the asthenospheric return flow

toward the rise axis.

FHET L=t OBEERESEL GBS, YRV
B D FB S T X B A S T ICRAE L T b
(Perrot et al., 1998; Baba et al., 2006), Z D7z
OIZKFET L= FFTRT R/ A7 =7 OiiH)
MEHEALL, B~ <2 E LR T WIREICH
LEEZLND,

IV. # b ¥

ARETWE THRTE R BB AT 5
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WA A LTz BUE, Divbiud 14°S B K
HIE LD ICE RO 04 7 ) v Y KIN
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LFEZ L Lo & T 55 EZITH 2 &
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THES ORI MFET 5 & & b1, [EF
LI ] LI RTFIF L TnE SR

ELWPRAMEEZGZONL I HICHERL L
l/\t:EL“.a\O—(lJ\Z)o

Kk RET LR 52 T2 RIH= %
Az I LOMELZR OB, BEROAMEzERL, &
Bz a XY M &R L 22 E A, LIS
AL L LFE 9,

b=
1) Global Multi-Resolution Topography (GMRT)
Synthesis: http://www.marine-geo.org/services/
google/create_merc_map.php [Cited 2007/09/19].
2) Petrological Database of the Ocean Floor (Pet-

DB): http://www.petdb.org/petdbWeb/about.jsp
[Cited 2003/03/08].
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