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I ntroduction

Recent mapping studies by our
group (Kasuga and Ohara, 1997
Okinoetal.,1998; 1999; Oharaetal .,
2001) revealed that the Parece Vela
Basin (PVB) in the Philippine Sea
(Fig. 1) hasthe geodynamic charac-
teristicsexpected for amagmatic ex-
tension, thusproviding arare oppor-
tunity to study the architecture and
composition of backarc basins. The
study of backarc spreading systems
has a strong bearing on two impor-
tant aspectsof the Earth’ sevolution,
asit relates to both subduction zone
and mid-ocean ridge dynamics.
Study of backarc basins thus has
strongimpact onboththelnterRidge
and MARGINScommunities.

The KR03-01 cruise aboard the
Japan Marine Scienceand Technol -
ogy Center's R/V Kairei was thus
scheduled to better understand the
lithospheric architecture and com-
position of this unique backarc ba-
sin (Oharaet al., 2002). Inthisarti-
cle,wereportthepreliminary results
of the cruise.

Geodynamicbackground

The Philippine Sea occupies a
large part of thewestern Pacific and
is composed of three large basins
separated by the Kyushu-Palau and
West Marianaridges (both arerem-
nant arcs; Fig. 1). Situated east of
the Kyushu-Palau Ridge, the
Shikoku Basin and the PV B are ex-
tinct backarcbasins. Thecentral PVB
is characterized by a N-S trending
chain of right-stepping en-echelon
depressions (the Parece Vela Rift;
Mrozowski and Hayes, 1979) bor-
dered by escarpments extending ~
N20°E fromthedepressionsintothe

surrounding basinfloor (Fig. 2). The
escarpmentsand depressions (max-
imum depth~ 7500 m) arefossil frac-
ture zones and extinct segmented-
spreading axes (first-order seg-
ments), respectively (Kasuga and
Ohara, 1997). Each segment is la-
beled as S1-S7 from south to north
(Oharaetal., 2001). The PVB hasa
two-stage spreading history (Kas-

uga and Ohara, 1997; Okino et al.,
1998; 1999), initial E-W rifting and
spreading with spreading axestrend-
ingN-Sbegan at ~ 29 Ma(spreading
rate: 8.8 cm/y full-rate) (Okinoetal.,
1998; 1999). The second stage in-
volved counter-clockwiserotation of
spreading axesfromN-StoNW-SE at
~ 19 Ma (spreading rate: 7.0 cm/y
full-rate) (Oharaet al., submitted).

Figurel. Satellitealtimetry map showing thetectonic feature of the Philippine
Sea. Dotted box indicates the location of Fig. 2.
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Spreading ceased at ~ 12 Ma(Ohara
et al., submitted).

Oharaet al. (2001) mapped dis-
tinct rough topographic featuresin
the PV B, suggesting amagmatic ex-
tension in the basin, in spite of the
basin’srelatively fast-spreadingrate
(8.8-7.0 cmly full-rate). The most
distinct topographic featureis a set
of megamullionsinthe PareceVela
Rift (PVR). Recently discovered
“megamullions” found along slow-
spreading ridges have been inter-

preted asexhumed footwallsof low-
angle normal faults, characterized
by distinct corrugations normal to
thespreadingaxis(Cannetal., 1997,
Blackman et al., 1998; Mitchell et
al.,1998; Tucholkeetal., 1998). One
of thePVR megamullionsisthelarg-
est seafloor megamullion known.
Oharaetal. (2001) namedit the Giant
Megamullion, asitis~10timeslarg-
erinareathantheMid-AtlanticRidge
(MAR) megamullions. Theother dis-
tinct topographic feature is a rug-
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Figure2. Shaded bathymetry of the PareceV elaBasin showingthecruisetracks
of RIVKaire duringtheK R03-01 cruise. Bathymetric dataarefromthiscruise
as well as previous cruises (Ohara et al., 2001). The short, first-order
segments are labeled S1-S7 from south to north. Asterisksindicate dredge
haulscontai ning peridotites, circlesindicatedredge haul scontai ning mostly
basalts. A squareindicates an empty dredge haul. Our mapping confirmed
thepresence of several megamullionsinthechaoticterrain, yielding mantle
peridotitefromasingledredgehaul. TheGodzillaM ullionyiel dsperidotites
fromtheentirelength of over 125km (4 dredges). Somedredgehaul sfromthe
GodzillaMullioncontain plagio-granite. A voluminousaxial blocky ridgein
therift valley of S6yields peridotites, indicating thisstructureispossibly a
remnant inside-corner high massif. “ Crab-legridges’ areclearly seeninthe

southern off-axis of S6.

ged “chaoticterrain” inthe off-axis
region of thewestern PVB. Thister-
rain consists of isolated and el evat-
ed blocks(maximumrelief is~1500
m), capped by corrugated axis-nor-
mal lineations, and associated deeps
(maximumdepth~6000m). Thecha-
otic terrain has a mantle Bouguer
anomaly distinctly higher than the
surrounding ocean basin, about 30
mgal, indicating athinner crust be-
neath the area (Okino et al., 1998).
The morphology and gravity signa-
ture of these individual blocks are
alsosimilar toMAR megamullions.
Similar off-axisrugged topography
has been documented at the “high”
intermediate-spreading Australian-
Antarctic Discordance(7.4cm/y full-
rate) andreflectsalong-termmagma
deficiency associated with amantle
cold spot (Christieet al., 1998).

Beforethe KR03-01 cruise, man-
tle peridotiteswere sampledinonly
two previous dredge hauls in the
PVR; no bottom samples were ob-
tainedfromthechaoticterrain. How-
ever, the limited sample suites re-
vealed fundamental characteristics
of the backarc basin lithospheric
composition (Oharaetal., inpress).
The most notable characteristic of
PVR peridotites is the existence of
fertile peridotite (spinel Cr # (= Cr/
Cr+Al ratio) ~0.17), accompanied by
melt-impregnated peridotite with
moredepl eted composition. Theex-
istenceof fertileperidotiteindicates
that PV R peridotiteexperienced only
minor melting (4 % near-fractional
melting of a MORB-type mantle),
most likely due to inhibited mantle
melting caused by closely-spaced
fracturezones (Oharaet al., submit-
ted). Theextremewater depth of the
PV R (maximumdepth~7500m) also
supports cold magma. The estimat-
ed low degree of melting of thePVB
upper mantleis, to afirst approxima-
tion, consistent with bathymetric
features suggesting amagmatic ex-
tension.

Preliminary results
TheKairei left Y okosukaon Jan-
uary 6, 2003 and returnedto'Y okosu-
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kaon January 25, 2003. Theexpedi-
tion to the southern Philippine Sea
wasincredibly successful, resulting
in 18 dredge hauls and extensive
geophysical mapping (bathymetry
and magnetic surveys; gravity data

were not recorded) during the 20-

days cruise, mainly focused on the

chaotic terrain and the ridge-trans-
formintersections(RT]I) of segments

S1, S2, S6 and S7. Some of the re-

markabl eresultscan be summarised

asfollows(Fig. 2):

1) Extensiveswathmappingobliqueto
thechaoticterrainconfirmedthatit
is actually composed of several
individua megamullions. Dredging
ononeof theseveral megamullions
recovered mantle peridotites and
gabbros, documenting an
extremely thincrustwithextensive
tectonicdismemberment.

2) Four dredge hauls on the Giant
Megamullion revealed it to be
composed nearly entirely of mantle
peridotitealongitsentirelength of
over 125 km. This suggests a
peridotiteexposureof some~ 7000
km?, confirming this structure is
thelargest exposureof amagmatic
or nearly amagmaticoceancrustin
the world. We thus renamed it
“Godzilla Mullion”, since it
deserves to have the name of the
world-famous Japanese monster.

3) Although oceanic plagio-granite
hasbeenvery rarely reported (e.g.,
Engel and Fisher, 1975), we
recovered plagio-granites
associated with mantleperidotites
fromtheGodzillaMullionsurface,
suggesting small volumes of melt
were highly fractionated in this
magma-starved spreading
environment.

4) We mapped the northern segments
(S6and S7), whichwerepreviously
poorly mapped . Therift valley of
S6 and S7 are both oblique to the
fracture zones, indicating oblique
extensionwasdominant duringthe
final phase of the basin evolution.
A minor elongated ridge and a
voluminousblocky ridge(~1600m
relief) arelocated intherift valley
of S6. Dredging the former

recovered alarge volumeof basalt,
whereas the | atter yielded alarge
volumeof peridotite. Weinterpret
the former is a “normal”
neovolcanic ridge in S6, whereas
thelatter may bearemnant inside-
corner high massif.

5) Thesouthern off-axisregionof S6is
characterised by prominent curved
abyssal hills that ook like “crab
legs’. Weinterpret theseasextreme
expressionsof “hookedridge”, well
described along mid-ocean ridge
RTI. Compared to normal hooked
ridges, thePV R crab-legridgesare
anomalous due to their abrupt
changesin orientation along axis
and in the length of the “hooks’.
Weinterpretthat these observa-

tionsreveal adramatic magmaticun-

dersupply more typical of an ul-

traslow-spreading ridge than of a

fast- or intermediate-spreading ridge

inabackarcbasin. Theresultsimply
that the morphol ogic and petrologic
characteristicsof ridgeswenormal -
ly assume to be a direct function of

spreading rate are in fact solely a

function of magmatic supply.
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