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Abstract

Recent studies of forearcs in the circum-Pacific regions have revealed that the widespread
serpentinization of mantle wedge peridotite occurs along the subducting slab at depths of 15-30 km
due to water supplied from the slab. A huge zone of diapiric serpentinite seamounts along the
trench axis in the Izu-Bonin and Mariana forearcs suggests that voluminous and gravitationally
unstable low-density serpentinites generated just above the subducting slab have risen to the
seafloor to form the seamounts. During ODP Leg 125, metamorphic rock clasts recovered from Holes
778A and 779B at Conical seamount, one of the serpentinite seamounts, have provided essential
information on the interaction between forearc material and water. A geochemical study of the 778
A metabasalts indicates that the rocks have a chemical affinity with mid-ocean ridge basalts, some
of which have zigzag REE patterns due to intense interaction with seawater. There are two possible
origins that are worth considering. One is the trapped oceanic crust in the area between the trench
and the volcanic front when subduction of the Pacific plate started, and the other is the accreted
oceanic crust supplied directly from descending oceanic slab during subduction. The Hole 778A
metabasalts commonly contain quartz veins, which have been produced prior to or during
blueschist facies metamorphism, because high-pressure minerals, lawsonite, pumpellyite, and
aragonite, were often crystallized in the vein. When the trapped or accreted oceanic crust had been
squeezed deep down by the subducting slab, it encountered the pelagic sediments on top of the
subducting slab. The SiOs-rich fluids having permeated the Hole 778 A rocks were probably derived
from these pelagic sediments. A phengite-rich clast, the only clast recovered from Hole 779B, is
ultrabasic in composition, but is rich with incompatible elements, such as Zr, Ti and Th, and is
relatively poor in compatible elements, such as Cr, Ni, and Co. Rocks with similar geochemical
characteristics are found in the metasomatic reaction zone developed at the boundary between
serpentinite and pelitic schist in the high-pressure Sanbagawa metamorphic belt, Japan. The clast
may have been formed at the boundary between mantle wedge peridotite and subducting slab,
where the hydrothermal metasomatic reactions have pervasively occurred between mantle wedge
and pelagic sediments.
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Fig. 1.

(A) Regional map of the western Pacific Ocean. TFS: Torishima forearc seamount, CS: Conical seamount.

(B) Bathymetric contour map of the Torishima forearc seamount, showing the positions of drilling sites 783 and
784. Contour interval=75m. (C) Bathymetric contour map of the Conical seamount, showing the positions of
drilling sites 778, 779, and 780 (from Fryer et al., 1990). Contour interval=100m.

1. Introduction

Dredging and drilling in the circum-Pacific re-
gions have revealed that serpentinized peridotites
are often exposed in the non-accretionary conver-
Fisher and Engel, 1969;
Hawkins et al, 1972; Bloomer and Fisher, 1987;
Ogawa et al., 1985a and 1985b; Honza and Kagami,
1977; IGCP Working Group, 1977; Fryer et al., 1985;
Ishii, 1985; Fryer, 1996, Fryer and Fryer, 1987; Fu-
jioka et al., 1995).

and Mariana forearcs, enormous amounts of serpen-

gent plate margins (e.g.

In the Izu-Bonin (=Ogasawara)

tinized peridotite have intruded from the mantle
wedge to the seafloor to form an array of seamounts
(Fryer et al., 1985). Fryer et al. (1990) described the
fluids seeping from the chimneys at the summit of
Conical seamount, one of the forearc seamounts, and

indicated that the fluids were derived from the dehy-
dration processes of descending oceanic slab. During
Ocean Drilling Program (ODP) Leg 125, small clasts of
high-pressure/low-temperature blueschist facies
metabasalts were recovered from Conical seamount.
This suggests blueschist facies metamorphism be-
neath the forearc (Maekawa et al., 1992 and 1993).
Recent discoveries of blueschist-facies rocks and
sediments including fragments of blueschist-facies
minerals from other forearc seamounts suggest that
the blueschist-facies rocks are rather common in the
Izu - forearc
(Maekawa, 1995; Fryer et al., 1999). Understanding

the behavior of slab-derived fluids in the processes

Bonin and Mariana

seamounts

of mantle wedge serpentinization and metamor-
phism is important, because the fluids should be one
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of the main controlling factors of subduction dynam-
ics, which could govern the modes of material trans-
port and earthquakes in the subduction zone. In this
paper, we examine the modes of occurrence of fore-
arc seamounts and petrological characteristics of ser-
pentinized peridotites and associated rocks constitut-
ing the seamounts, and discuss the role of water
squeezed from the subducting slab in the formation
of serpentinite seamounts.

2. Topography and general features of the forearc
seamounts

In the Izu-Bonin and Mariana forearc regions, a
chain of seamounts occurs 50 to 120km east of the
trench axis (Fryer et al., 1985). It extends north to
south for more than 2,500 km along the trench axis.
The seamounts are commonly dome-like in shape,
and are up to 30km in diameter with up to 2km of
relief. They are composed mainly of serpentinized
peridotite. Two seamounts were drilled during ODP
Leg 125. One is Conical seamount, which is about 80
km west of the trench axis in the Mariana forearc,
and the other is Torishima forearc seamount, which
is 40km west of the Izu-Bonin trench (Fig. 1A).
These two seamounts are in marked contrast with
each other in topography, geochemistry of intersti-
tial fluids, and formation age. The features of these
two seamounts are summarized as typical examples
of forearc seamounts as follows.

Conical seamount with a smooth-sided dome-
like shape is one of the youngest forearc seamounts
in the Mariana forearc, and covers an area of ap-
proximately 700 km?Fig. 1C). Sidescan sonar images
show long sinuous flow features on its flanks (Fryer
et al., 1995). Alvin submersible dives on the flank of
Conical seamount revealed that serpentinite blocks
of varying sizes are scattered in serpentinite mud on
the surface of the seamount. The core samples of
serpentinites from ODP Leg 125 are highly sheared,
and show block-in-matrix fabrics, which are typical
in on-land serpentinite melanges (Fig. 2). Carbonate
and silicate chimneys up to 1.5 m high are formed on
the southwest side of the summit (Fryer et al., 1990).
The fluids actively seeping from the chimneys and
pore fluids from the summit drill samples are charac-
terized by high pH and less concentrations chloride
and bromide than one-half of seawater, and contain
methane, ethane, propane, acetate, and organic acids

(Haggerty and Fisher, 1992; Mottl, 1992). They proba-
bly have the highest pH value ever measured in deep
—sea sediments, up to 12.6, and have lower chlorinity
than at any other site drilled in a subduction zone, up
to 57% lower than that in seawater (Mottl, 1992). The
presence of aromatic compounds in the chimneys
and of ethane and propane along with methane in
the pore waters indicates a thermogenic origin for
the organic compounds. The presence of acetate ion
limits the temperature range in the source region of
the organic materials to less than 150°C. Taking the
tectonic environment of the Mariana subduction sys-
tem into account, the most likely source of sediments
is the top of the subducting slab about 30 km below
Conical seamount (Mottl, 1992). The Mariana forearc
was intensively destroyed by many faults caused by
tensional stress and has a characteristic topography
of predominant graven and horst structures (Fryer et
al., 1985 and 1999). Fryer et al. (1995) demonstrated
that the serpentinites generated just above the sub-
ducting slab have uplifted along the faults to form a
huge chain of seamounts on the ocean floor. How-
ever, there is still no explanation why the serpentin-
ite dykes have not developed along the faults in the
forearc area. Sediments recovered during drilling at
the flanks of the seamount contain Pleistocene nan-
nofossils (< 1.6 Ma) (Ciampo, 1992), suggesting the re-
cent uplift of serpentinite materials to the seafloor.
As demonstrated before, the fluids that converted
peridotite to serpentinite are still actively upwelling
from the chimneys at its summit. According to Fryer
et al. (1996), Newsom (1992) carried out gravity study
and reported unusually low densities of 2.0 to 2.2g/
cm’® for Conical seamount. This is consistent with the
idea that solid serpentinite fragments are supported
by a water-saturated low-density matrix. The sea-
mount shows no coherent internal reflectors on seis-
mic profiles (Fryer et al., 1990). Drilling records from
Conical seamount during ODP Leg 125 indicate that
drilling rate and degree of serpentinization of perido-
tites decrease gradually with the drilling depth; that
is, higher density and larger blocks tend to accumu-
late at the lower portion (Fig. 3).

Torishima forearc seamount is located on a
lower forearc terrace of the Izu-Bonin inner trench
slope. The seamount is slightly asymmetrical and
shows a distorted shape (Fig. 1B). The western flank
of the seamount is relatively smooth, but the eastern
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flank is cut by several ridges and valleys oriented
1995).

flection profiles across the seamounts reveal an

northeast-southwest (Fryer et al., Seismic re-
acoustically chaotic basement with thin or no sedi-
r, and show no coherent internal faulting
1990; 2000).

serpentinized harzburgite and subordinate amounts

ment cove

(Horine et al., Kamiura et al., Abundant
of metamorphosed gabbro, dolerite, basalt, and their
sedimentary derivatives were recovered by dredges
lanks of
(Hole 784A) during ODP Leg 125 con-
tain middle Miocene to upper Miocene diatoms (Xu
and Wise, 1992; Stabell, 1992) and middle Miocene to

early Pleistocene radiolarians (Wang and Yang, 1992).

(Ishii et al., 1989). Sediments obtained at the f

the seamount

This suggests that the age of formation of Torishima
forearc seamount is much older than that of Conical

seamount. The pare fluids from the Torishima fore-
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Fig, 2. A core sample recovered from ODP Leg 125

Hole 7T78A. Serpentinite fragments (black parts) are
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arc seamount contrast greatly with those recovered
Mottl (1992)

fluids sampled by drilling at

from the summit of Conical seamount.
reported that the pore
the flank of Torishima forearc seamount have pH up
to 10, very low Si, Mn, and methane, and no ethane or
propane. Relative to seawater, they have low alkalin-
ity, sulfate, Mg, K, and B; slightly lower Li and Rb;
unchanged Cl, Br, Na, and Na/Cl; and high Ca, Sr, Ba,
and *S. Unlike the fluids from Conical seamount, the
fluids from Torishima forearc seamount were pro-
duced by the reaction of seawater with harzburgite

at low temperatures.

3. Constituents of the forearc seamounts

According to dredging, drilling, and submersible
observations, the forearc seamounts are composed
mainly of serpentinized peridotites and contain
metamorphic rocks mainly of basaltic compositions.
Followings are descriptions of the various rocks ob-
tained from the forearc seamounts.

[Ultramafic rocks]

Ultramafic rocks obtained from Conical and
Torishima forearc seamounts are mainly harzburgite
with subordinate dunite, which are more depleted
than the abyssal peridotites from the mid-oceanic
1992 and 2000).

tectonized.

They were often
of kink

bands in olivine and pyroxene crystals provides evi-

ridge (Ishii et al.,

highly Common occurrence

dence of penetrative deformation. All of them are
serpentinized to some degree. Serpentine minerals
are antigorite, chrysotile, and lizardite (Saboda et al.,
1992).

In addition to these minerals, serpentinized

scattered in the highly sheared and crushed
serpentinite matrix. peridotites often contain brucite, and rarely contain
Drilling rate (min/m)
0
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Fig. 3. Relations between drilling rate and depth at the drilling holes of Conical seamount (Holes 778A, 779A, and
780C) and Torishima forearc seamount (Holes T83A and 784A) (Ban, 1991). Vitric and/or plagioclase-rich silt to
claystone about 100 m thick covers Site 783A and 300 m thick covers Site T84A.
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small amounts of acicular diopside and tremolite.
Antigorite is commonly associated with brucite.
Two types of serpentine mineral assemblage are rec-
ognized in serpentinized peridotites: one is antigor-
ite bearing and the other is antigorite free. In rocks
with the former association, chrysotile and lizardite
also occur in vein or matrix as later-stage secondary
serpentine minerals. Antigorite is stable at higher
temperatures than chrysotile (Ishii and Saito, 1973;
Evans et al., 1976), and lizardite is considered to have
the same P-T stability field as chrysotile (Peacock,
1987). Stable association of antigorite and brucite
gave a stability range of 300°C-450°C (Evans et al.,
1976). Further rigorous study of the mineral parage-
neses of serpentinized peridotites is necessary to ob-
tain reliable P-T conditions of serpentinization and
understand the multi-stage history of serpentiniza-
tion.

[Metabasalts]

Metamorphic rock clasts recovered from Conical
seamount during ODP Leg 125 are quite important in
consideration of their metamorphic protoliths and to
elucidate how they had been incorporated into ser-
pentinites. Approximately 60 metabasalts have been
recovered from Hole 778A, approximately 50 from
Hole 7T79A. Most of these rocks occur as pebble-size
clasts of a subrounded shape in a serpentinite matrix,
but Hole 779A contains a continuous section of meta-
basalt more than 3m length. All clasts from Hole 779
A are composed of metamorphic minerals of a low-
pressure type (Maekawa et al., 1992). Typical high-
pressure minerals, such as lawsonite, sodic pyroxene,
and aragonite, were commonly found in metabasalts
from Hole 778A (Maekawa et al., 1992) (Fig. 4A). The
diagnostic mineral assemblage of the Hole 778 A me-
tabasalts is lawsonite + pumpellyite + hematite.
Analyses using Schreinemakers’ method suggest
that the stability field of this assemblage is situated
in the lower pressure and lower temperature field of
the blueschist-facies conditions; these rocks have
been formed under the incipient blueschist-facies
conditions (Maekawa et al., 1995). The approximate
metamorphic conditions are estimated at about 150 -
250°C and 5 - 6kb. Protoliths, identified from their
primary textures and mineralogy, are predominantly
aphyric to fine-grained basalts and their clastic
equivalents. Geochemical studies indicate the meta-
basalts include rocks having a chemical affinity with

mid-ocean ridge basalts (Johnson, 1992; Yamamoto
et al., 1995). Yamamoto et al. (1995) found that some
metabasalts have zigzag REE patterns, reflecting the
lanthanide tetrad effect, suggesting intense interac-
tion with seawater.

[Phengite-rich clast]

One metamorphic clast containing abundant
phengite was retrieved from Hole 779B (125-799B-01
R-06, 19-22). This clast is composed mainly of phen-
gite, chlorite, and chrysotile, with subordinate
amounts of amphibole, pumpellyite, sodic pyroxene,
epidote, titanite, rutile, apatite, and zircon (Fig. 4B).
K-Ar ages for phengite are about 48 Ma (Maekawa et
al., in prep.). Amphiboles are of pargasite to magne-
siohastingsite of Leake (1997). Sodic pyroxenes have
19-20 mole percent of jadeite components and are
plotted on the aegirine field.

Similar mineral assemblages are observed in the
metasomatic reaction zone between serpentinite and
pelitic schists in the Sanbagawa high-pressure meta-
morphic terrane, Japan. The reaction zone in the
Sanbagawa terrane is commonly divided into three
zones: chlorite zone, tremolite zone, and talc zone, in
the order from pelitic schist side toward serpentinite.
Our study on the metasomatic reaction zone indi-
cates that pelitic schists and chlorite zone rocks con-
tain significant amounts of incompatible elements,
Zr, Ti, and Th, and are relatively poor in compatible
elements, Cr, Co, and Ni. On the other hand, serpen-
tinites, talc zone rocks, and tremolite zone rocks are
rich in Cr, Co, and Ni, and are highly depleted in Zr,
and Th. Fig. 5 shows an example of the relations of
these elements in pelitic schists, serpentinites, and
metasomatic reaction zone rocks. Fig.5 suggests
that elements such as Cr and Zr seems to be less
mobile even when subjected to metasomatic
processes. The original boundary between pelites
and serpnetinite probably corresponds to the bound-
ary between chlorite zone and tremolite zone. The
chlorite zone rocks have similar mineral assemblages
to the Hole 779B clast and consist of chlorite, phen-
gite, tremolite and minor titanite, zircon, apatite, and
aranite.

Estimating the protolith of the Hole 779B clast is
difficult because of chemical migration during the
metasomatic reactions. However, the results of stud-
ies of the 779B clast mineralogy and the metasomatic
reaction zone mentioned above suggest that the Hole
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the metamorphic
10-13).
aragonite are often found in quartz veins.

Fig. 4. Photomicrographs of
Metabasalt (TTBA6R-1,

(B) Phenite-rich clast (TT9BIR6, 19-22).
Scale bar is 0.2mm.

7798 clast has at least crust materials, probably pe-
lagic sediments, and formed during metasomatic
processes with serpentinites under high-pressure
conditions. The presence of abundant phengite and
minor zircon in the clast is characteristic of metape-
lites. The clast totally lacks minerals that contain
compatible elements, Ni, Co, and Cr. This may again
suggest a pelite origin for the clast. The clast does
not contain quartz, which is one of the common
constituents of pelitic rocks. The SiO, component is

considered to have been dissolved during metasoma-

rocks from Conical seamount under optical microscope.

qlz: quartz, pmp: pumpellvite, lws: lawsonite.

360

(A)

Quartz veins are common in this rock. Pumpellyite, lawsonite, and metamorphic

Scale bar is 0.5 mm.

phn: phengite, amp : amphibole, ctl: chrysotile, tin: titanite, rt: rutile.

tism, because of the high solubility of Si0O,.
1. Discussion

A huge zone of diapiric serpentinite seamounts
along the trench axis in the [zu-Bonin and Mariana
forearcs suggests that the mantle wedge peridotites
just above the subducting slab are pervasively ser-
pentinized by water supplied from the pelagic sedi-
Whether

the diapiric rise takes place or not probably depends

ments at the top of the subducting plate.

on the state of the stress field in the forearc. Tanner
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Fig.5. Zr-Cr diagram of pelitic schists, serpentinites, and their metasomatic derivatives in the Sanbagawa

metamorphic beit.
serpentinites depend on the amount of spinel.

and Williams (1968) carried out model experiments
using asphalt to study relationships between diapir-
ism and regional stress. They concluded that asphalt
ridges and domes can only be produced by diapir
under the extensional stress field. Taking the tec-
tonic environment of Izu-Bonin and Mariana fore-
arcs into account, the formation of up-rising serpen-
tinite is considered to favor a tensional stress field.
A geochemical study of the 778A rocks suggests
that the rocks have a chemical affinity with mid-
ocean ridge basalts. Some 778A rocks have zigzag
REE patterns due to intense interaction with seawa-
ter (Yamamoto et al., 1995). The change in motion of
the Pacific plate at Eocene time initiated subduction
at a transform fault in the West Philippine Basin
(Uyeda and Ben-Avraham, 1972). At the same time,
arc volcanism started by the residual high mantle
temperatures and initial dehydration of the sub-
ducted oceanic crust caused melting at depths of
about 50 km at a minimum distance of 50-60 km from
the trench axis (Bloomer, 1983). The region of active
volcanism has migrated gradually to the west due to
the cooling of the mantle wedge by subducting slab.
As a result, a part of the oceanic crust of the West
Philippine Basin was trapped in the area between the
trench and the volcanic front. We inferred that the
778 A MORB-type rocks have been supplied from the
trapped oceanic crust. Another possibility is that the
778A rocks were derived from the oceanic crust that

Zr contents in pelitic schists depend on the amount of zircon, and Cr contents in

had been accreted during subduction. Johnson et al.
(1991) obtained 87-70 Ma K-Ar ages for the MORB-
type metabasalts dredged at the Mariana forearc.
They inferred that these originated from the Creta-
ceous oceanic crust that accreted to the Mariana
forearc, because on the basis of he crustal ages of the
West Philippine Basin the age of oceanic plate that
could have been trapped to form the forearc is
younger than 56Ma (Hilde and Lee, 1984). The
trapped or accreted oceanic crust may have been
tectonically eroded by the subducting slab and
dragged into the depths, where blueschist facies
metamorphism has taken place.

Most of the Hole 778 A metabasalts contain many
quartz veins, which have been produced prior to or
during blueschist facies metamorphism, because
high-pressure minerals, lawsonite, pumpellyite, and
aragonite were often crystallized in the vein (Fig. 4
A).
seem to occur with difficulty under such SiO;-poor

The SiO,-rich fluids which crystallized quartz

MORB compositions of host rock. When the proto-
liths of 778 A metabasalts have been squeezed deep
down by the subducting slab, they have encountered
pelagic sediments at the top of the subducting slab.
It is reasonable to consider that the SiO,-rich fluids
obtained from the Hole 778A rocks were derived
from pelagic sediments on top of the subducting slab.

The clast recovered from Hole 779B(125-779B-01
R-06, 19-22) is a metamorphic clast of possible pelite
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origin that has not been previously found in the
circum-Pacific forearc regions. When the oceanic
plate starts to subduct below the other plate, the
descending oceanic slab must encounter hanging-
wall mantle peridotites at depth. The Hole 779B clast
had been the pelagic sediments at the top of the
subducting slab that supplied water to peridotites
and underwent a metasomatic reaction with perido-
tites during high-pressure metamorphism.

Based on the seismic reflection-refraction study,
Takahashi et al. (1998) has shown that the upper
mantle velocity beneath the forearc gradually de-
creases towards the trench axis to become indiscerni-
ble from the velocity of the lower crust in the Izu-
Bonin subduction system. The unusually low veloc-
ity (=7.1km/s) of the upper mantle beneath the east
side of the forearc suggests that a large amount of
water is released from the subducting slab and util-
ized for the serpentinization of the mantle perido-
tites. They strongly suggested that the root of the
serpentinite diapir on the inner trench wall is a low-
velocity mantle wedge, which was probably caused
by water released from the subducting Pacific plate
at depths shallower than 30km. Shimamoto (1985
and 1993) discussed the seismicity and deformation
mechanisms in subduction zones and divided a sub-
duction plate boundary into the three zones: shal-
low, intermediate, and deep interfaces. He ascribed
the aseismic and decoupled natures of the shallow
interface to the existence of an enormous amount of
water. The shallow interface corresponds well to the
low-velocity mantle wedge. The low-velocity
wedge at the western side of the trench may coincide
with the path of the serpentinite diapir. The low
electric resistance at the boundary between the arc
and the subducting plate is due to a high water
content, and the region corresponds to the low-ve-
locity mantle wedge (Toh, 1993). The Izu-Bonin and
Mariana forearc regions were intensively destroyed
by many faults caused by tensional stress (e.g. Fryer
et al., 1985). Faulting of the forearc to a great depth
may make it easy for mantle materials to rise up to
the seafloor; that is, voluminous and gravitationally
unstable low-density mantle materials generated
just above the subducting slab have uplifted along
the faults to form serpentinite seamounts on the
ocean floor. No serpentinite seamount has developed
in the forearc area of the Tonga trench. This may be

ascribed to the fact that no fault has developed and
the forearc has not been destroyed in the area.

5. Concluding remarks

Since Eocene time, the Pacific Plate has been
subducting along the Mariana Trench below the
Philippine Sea Plate (Uyeda and Ben-Avraham, 1972).
Serpentinite materials, which came up from depths
to the seafloor, must have trapped oceanic mantle
and crust material situated within the pathway, and
entrained them in a fluidized melange rising to the
seafloor. Thus, it is reasonable to say that the
blueschist-facies clasts recovered from Hole 778A
were formed at about 16 to 20 km below the seafloor,
and were then entrained by uprising fluidized ser-
pentinite materials. Fig. 6 shows the tectonic frame-
work in the Mariana subduction system explaining
how and where the Hole 778A and 779B rocks were
formed. The Hole 778 A metabasalts were derived
from trapped or accreted oceanic crust, which have
been eroded by descending slab and have undergone
chemical changes due to interaction with seawater.
Abundant quartz veins in the Hole 778A rocks sug-
gest that the source of SiO,-rich fluids, such as sili-
ceous pelagic sediments, was beneath the frag-
mented oceanic crusts during high-pressure
blueschist facies metamorphism (Fig. 6). These rocks
may have been far from mantle wedge serpentinites,
because no evidence showing metasomatic reaction
with serpentinite can be found. The phengite-rich
clast of 779B has assemblages formed at multiple
stages. The earlier metasomatic mineral assem-
blages are inferred to have been hornblende + phen-
gite * rutile. The inferred earlier assemblages and
high degree of recrystallization of minerals suggest
that the clast was originally formed at the higher
temperature, deeper portion in the subduction zone.
The protolith of Hole 779B clast is equivocal, but is
probably pelitic rock. The Hole 779B clast was
formed just below the low-velocity mantle wedge at
the western side of the trench, where the rocks are in
contact with serpentinite (Fig. 6). The serpentinite
diapir initiated at 30-25km depth, and must have
trapped mantle and crust materials situated on the
pathway and entrained them in fault gouge and
fluids rising to the seafloor.
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Fig. 6. Schematic cross-section showing the tectonic framework of the Mariana arc-trench system. Serpentinite
diapir may continue to serpentinized wedge mantle at a depth of 30-2bkm. It must contain trapped clastic and
xenolithic fragments originally situated on the pathway of diapir and entrain them in a fault gouge rising to

the seafioor.

Acknowledgments

We are grateful to M. Toriumi and K. Fujioka,
for their critical reviews and comments of this manu-
script. This work was supported in part by Scientific
Research Grant, Ministry of Education, Science, Cul-
ture and Sports of Japan (Grant number 10640464)
and by Grant-in-Aid for advanced scientific research
from Osaka Prefecture University in 1999.

References

Ban, M., 1991, Serpentinite diapir in the Mariana forearc.
Masters Thesis, Kobe University, Kobe, 71pp.

Bloomer, S., 1983, Distribution and origin of igneous rocks
from the landward slopes of the Mariana Trench: impli-
cations for its structure and evolution. Jour. Geophys.
Res., 88, 7411-7428.

Bloomer, S. and R.L. Fisher, 1987, Petrology and geochem-
istry of igneous rocks from the Tonga Trench - a non-
accreting plate boundary. Jour. Geology, 95, 469-495.

Ciampo, G., 1992, Late Miocene (CN9B Subzone) to Holocene
calcareous nannofossils from the western and north-
western Pacific ocean, Leg 125. Proc. ODP, Sci. Results,
125: College Station, TX (Ocean Drilling Program), 15—

70. .

Evans, BW. W. Johannes, Oterdam, H. and Trommsdorff,
V., 1976, Stability of chrysotile and antigorite in the
serpentinite multisystem. Schweiz Mineral Petrogr Mitt,
56, 79-93.

Fisher, R. L. and C.G. Engel, 1969, Ultramafic and basaltic
rocks dredged from the nearshore flank of the Tonga
Trench. Geol. Soc. Am. Bull., 80, 1373-1378.

Fryer P., 1996, Tectonic evolution of the Mariana conver-
gent margin. Reviews of Geophysics, 34, 89-125.

Fryer, P, E.L. Ambos, and D.M. Hussong, 1985, Origin and
emplacement of Mariana forearc seamounts, Geology,
13, 774-7171.

Fryer, P. and G.J. Fryer, 1987, Origins of nonvolcanic
seamounts in a forearc environment. In: B. Keating et
al. (eds), Seamounts, Islands, and Atolls, AGU Geophys.
Monogr. Ser., 43, 61-69.

Fryer, P,, M. Mottl, L. Johnson, J. Haggerty, S. Phipps and
H. Maekawa, 1995, Serpentine bodies in the forearcs of
Western Pacific convergent margins: origin and associ-
ated fluids. In: B. Taylor and J. Natland (eds.), Active
Margins and Marginal Basins of the Western Pacific,
AGU Geophysical Monograph 88, 259-280.

Fryer, P, KL. Saboda, LE. Johnson, M.E. Mackay, G.F.
Moore, and P. Stoffers 1990, Conical seamount: Sea

— 363 —




H. Maekawa, K. Yamamoto, I. Teruaki, T. Ueno and Y. Osada

MARC 1II, Alvin submersible, and seismic-reflection
studies. In Fryer, P, Pearce, J. A, Stokking, L. B, et al.,
Proc. ODP, Init. Repts., 125: College Station, TX (Ocean
Drilling Program), 69-80.

Fryer, P, C.G. - Wheat, and M.J. Mottl, 1999, Mariana
blueschist mud volcanism: Implications for conditions
within the subduction zone. Geology, 27, 103-106.

Fujioka, K., T. Tanaka and K. Aoike, 1995, Serpentine sea-
mount in Izu-Bonin and Mariana forearcs ~-Observation
by a submersible and its relation to onland serpentinite
belt-. Jour. Geography, 104, 473-494. (in Japanese)

Haggerty, J.A. and J.B., Fisher, 1992, Short-chain organic
acids in interstitial waters from Mariana and Bonin
forearc serpentinites: Leg 125. Proc. ODP, Sci. Results,
125: College Station, TX (Ocean Drilling Program), 387~
395.

Hawkins, J., R.L. Fisher and C.G. Engel, 1972, Ultramafic and
mafic rock suites exposed on the deep flank of the
Tonga Trench. Geol. Soc. America Abs. with Prog., 4, 167
-168.

Honza, E. and H. Kagami, 1977, A possible accretion accom-
panied by ophiolite in the Mariana Trench. Jour. Geog-
raphy, Tokyo, 86, 80-91.

Horine, R.L., G.R. Moore and B. Taylor, 1990, Structure of the
outer Izu-Bonin forearc from seismic-reflection profi-
ling and gravity modeling, In Fryer, P., Pearce, J.A.,
Stokking, L. B, etal, Proc. ODP, Init. Repts. 125:
College Station, TX (Ocean Drilling Program), 81-94.

IGCP Working Group, 1977, ‘Ophiolites’. Initial report of the
geological study of oceanic crust of the Philippine Sea
floor. Ofioliti, 2, 137-168.

Ishii, . and M. Saito, 1973, Synthesis of antigorite. Am
Mineral., 58, 915-919.

Ishii, T, 1985, Dredged samples from the Ogasawara fore-
arc seamount or “Ogasawara paleoland” - “fore-arc
ophiolite”. In N. Nasu et al. (eds.), Formation of Active
Ocean Margins, 307-342. Terra Sci. Pub. Company,
Tokyo.

Ishii, T., H. Maekawa, H. Ozawa, J. Ashi, H. Matsuoka, K.
Konishi and K. Kobayashi, 1989, Description of dredged
samples from ophiolitic seamount (in Tori-Shima fore-
arc), Uyeda Ridge and Ogasawara Plateau, during the
first leg (Tokyo to Guam) of KH 87-3 cruise. Preliminary
Report of the Hakuho Maru Cruise KH-87-3, Ocean Res.
Inst., Univ. of Tokyo, 92-99.

Ishii, T, P.T. Robinson, H. Maekawa and R. Fiske, 1992,
Petrological studies of peridotites from diapiric serpen-
tinite seamounts in the Izu-Ogasawara-Mariana fore-
arc. Proc. ODP, Sci. Results, 125: College Station, TX
(Ocean Drilling Program), 445-486.

Ishii, T, H. Sato, S. Haraguchi, P. Fryer, K, Fujioka, and S.
Bloomer, 2000, Petrological characteristics of perido-
tites from serpentinite seamounts in the Izu-Ogasa-
wara-Mariana forearc. Jour. Geography, 109, 517-530. (in
Japanese)

Johnson, L.E., 1991, New evidence for crustal accretion in
the outer Mariana fore arc: Cretaceous radiolarian
cherts and mid-ocean ridge basalt-like lavas. Geology,
19, 811-814.

Johnson, L.E, 1992, Mafic clasts in serpentine seamounts:
petrology and geochemistry of a diverse crustal suite

from the outer Mariana forearc. Proc. ODP, Sci. Results,
125: College Station, TX (Ocean Drilling Program), 401-
413.

Kamiura, A., J. Kasahara, R. Hino, M. Shinohara, H. Shiobara
and T. Kanazawa, 2000, The significance of water on
plate subduction and the seismic velocity structure
across the serpentine diapir in the Izu-Bonin trench.
Jour. Geography, 109, 506-516. (in Japanese)

Kamimura, A., J. Kasahara, R. Hino, M. Shinohara, H. Shio-
bara and T. Kanazawa, 2001, Crustal structure study at
the Izu-Bonin subduction zone around 31°N: implica-
tion of serpentinized material along the subduction
plate boundary, Proc. of “Seismotectonics of the north-
western Anatolia-Aegean and recent Turkish earth-
quakes”, Istanbul Technical University, 21-30.

Leake, BE., A.R. Woolley, C.E.S. Arps, W.D. Birch, M.W.
Gilbert, J.D. Grice, F.C. Hawthorne, A. Kato, H.J. Kisch,.
V.G. Krivovichev, K. Linthout, J. Laird, J.A. Mandarino,
W.V. Maresch, E.H. Nickel, N.M.S. Rock, J.C. Schuma-
cher, D.C. Smith, C.N. Stephenson, L. Ungaretti, E.J.W.
Whittaker, G. Youzhi, 1997, Nomenclature of amphi-
boles: report of the subcommittee on amphiboles of the
International Mineralogical Association, Commission
on new minerals and mineral names. American Miner-
alogist, 82, 1019-1037.

Maekawa, H., 1995, Metamorphic rocks from serpentinite
seamounts in the Mariana and Izu-Bonin forearcs, In:
H. Tokuyama et al. (eds.), Geology and Geophysics of the
Philippine Sea, Japanese-Russian-Chinese Monograph,
357-369, Terra Scientific Publishing Company, Tokyo.

Maekawa, H., 2000, Comparison of genesis and tectonic set-
ting of Jurassic and Cretaceous high-pressure meta-
morphic belts in the circum-Pacific regions. In H.
Okada and N.J. Mateer (eds.): Cretaceous Environments
of Asia, Elsevier Science B.V., 169-180.

Maekawa, H., P. Fryer, and A. Ozaki, 1995, Incipient
blueschist-facies metamorphism in the active subduc-
tion zone beneath the Mariana forearc. In: B. Taylor
and J. Natland (eds.), Active Margins and Marginal Ba-
sins of the Western Pacific, AGU Geophysical Monograph
88: 281-289.

Maekawa, H., M. Shozui, T. Ishii, K. Saboda and Y. Ogawa,
1992, Metamorphic rocks from the serpentinite sea-
mounts in the Mariana and Izu-Ogasawara forearcs.
Proc. ODP, Sci. Results, 125: College Station, TX (Ocean
Drilling Program), 415-430.

Maekawa, H., M. Shozui, T. Ishii, P. Fryer and J.A. Pearce,
1993. Blueschist metamorphism in an active subduc-
tion zone. Nature, 364, 520-523.

Mottl, M.d., 1992, Pore waters from serpentinite seamounts
in the Mariana and Izu-Bonin forearcs, Leg 125: evi-
dence for volatiles from the subducting slab. Proc.
ODP, Sci. Results, 125: College Station, TX (Ocean Drill-
ing Program), 373-385.

Newsom, S.Y., 1992, Gravity interpretation of the Mariana
forearc between 19° and 20°N, Masters Thesis, Univer-
sity of Hawalii, Honolulu, 66pp.

Ogawa, Y. K. Fujioka, T. Nishiyama, S. Uehara and M.
Nakagawa, 1985a, Ophiolitic rocks of the Middle Amer-
ica Trench landward slope off Guatemala: Deforma-
tional characteristics and tectonic significance. Init.

— 364 —




Serpentinite seamounts and hydrated mantle wedge in the Izu-Bonin and Mariana forearc regions

Repts. DSDP, 84, 791-809.

Ogawa, Y., J. Naka and H. Taniguchi, 1985b, Ophiolite-based
forearcs: a particular type of plate boundary. In N.
Nasu et al. (eds.), Formation of Active Ocean Margins, 719
—-746.

Peacock, S.M., 1987, Serpentinization and infiltration meta-
somatism in the Trinity peridotite, Klamath province,
northern California: implications for subduction zones.
Contrib. Mineral Petrol., 95, 55-70.

Saboda, K.L., P. Fryer and H. Maekawa, 1992, Metamor-
phism of ultramafic clasts from Conical seamount:
Sites 778, 779, and 780. Proc. ODP, Sci. Results, 125:
College Station, TX (Ocean Drilling Program), 431-444.

Shimamoto, T., 1985, The origin of large or great thrust-
type earthquakes along subducting plate boundaries,
Tectonophysics, 119, 37-65.

Shimamoto, T., T. Seno and S. Uyeda, 1993, A simple rheo-
logical framework for comparative subductology. In K.
Aki and R. Dmowska (eds.), Relating Geophysical Struc-
tures and Processes: The Jeffreys Volume, Geophysical
Monograph, 76, IUGG and AGU, 39-52.

Stabell, B., 1992, Middle Miocene to upper Quaternary dia-
tom biostratigraphy of the Izu-Bonin/Mariana region,
east Pacific Ocean. Proc. ODP, Sci. Results, 125: College

Station, TX (Ocean Drilling Program), 91-94.

Takahashi, N., K. Suyehiro and M. Shinohara, 1998, Implica-
tions from the seismic crustal structure of the northern
Izu-Bonin arc. The Island arc, 7, 383-394.

Tanner, W.F. and G.K. Williams, 1968, Model diapirs, plas-
titicy, and tension. In J. Braunstein and G.D.O'Brien
(eds.), Diapirism and Diapirs: The Ameri. Assoc. Petrol.
Geol., Tulsa, OK, 10-15.

Toh, H., 1993, Electrical conductivity structure of the Izu-

. Bonin arc revealed by seafloor electromagnetic obser-
vations. DSc thesis, University of Tokyo, Tokyo, Ja-
pan, 111 p.

Uyeda, S. and Z. Ben-Avraham, 1972, Origin and develop-
ment of the Philippine Sea. Nature, 240, 176-178.

Wang, Y.and Q. Yang, 1992, Neogene and Quaternary radio-
larians from Leg 125. Proc. ODP, Sci. Results, 125:
College Station, TX (Ocean Drilling Program), 95-112.

Xu, Y. and S.W.Jr. Wise, 1992, Middle Eocene to Miocene
calcareous nannofossils of Leg 125 from the western
Pacific Ocean. Proc. ODP, Sci. Results, 125: College Sta-
tion, TX (Ocean Drilling Program), 43-70.

Yamamoto, K., Y. Asahara, H. Maekawa and K. Sugitani,
1995, Origin of blueschist facies clasts in the Mariana
forearc, Western Pacific. Geochemi. Jour., 29, 269-275.

(Received July 5, 2001)
(Accepted September 18, 2001)

— 365 —




H. Maekawa, K. Yamamoto, I. Teruaki, T. Ueno and Y. Osada

BRE—NEZR <2V 7FEiRICH T 3 ieitaimlEts

BRIV MIVOT YD

HIJIZEANY - ILASHED - BHIRY - LHRTY - BHEsEAY

O RIRL AR SRS
D BRSBTS
) BRI

Y MERERFBEEABIETIAR BIE A — ¥ 20

? RIS SLRF RS e SR o7 A

E B

W, BOREENUR TR, haAD R 5 7h St
AhBKICED, BE15-30kmicBVT< v b
Uxy Y AVT U EORBREIEECE(ESFEA L TO
BIENHOMIENTEA. FE—/NEE, <=V TF
AU 36 W TSNS IR » TREST AERB S 1 7 E
WIERCE LB, MAAG RS THEEIHEZELALES
ISR ZE R BEE OISES LR L, BEICIESE
IWEER LI EE2RLTW S, ERMEYIETES 125 &
LBV, BREEELO—>TH 5 3 = h vl OIS
FLT78A & T79B H SEIR & M- ZERCE R 13, A
EREDHEMERICBEIT 2 EALIERESZ T W3,
TT8A DL LA, % OB LA 0 ahs thi i
EXRECHULTBY, ToficiddkopEsmmL
R LB TR GEAE Ny — v 2 RT O ONH B, C
nold, KEETV— O AAHEERIC, <) 7+
AU ICE UiA® S N g s 2 WIREREM L 72

ARFEET v — + Ot Th 2 RTREE . B LAY S

NI H B VTN U 7 iEHIER IR, 25 7T OMAARIC
L OEEERIEABFEL TV AERE T &9 VAT
NcEFEZ 5N, T18A OEREEE I B E AL
DEHOND., TORERICE, w—VFag b, X
V—f, TIVAREOEEEMSEERL VWA E
5, IRIEERDOFHNSERIERM, &H5VidZhLFiT
HBIENDLIE, X5 TDHRAAZIT L YR - BERE
ShMR b L fciEiEEakid, hAAL % 5 7TE EORE
HEREMICHERL T 5. TT8A OELRFICESET 2V Y Hic
BARTERE, 825K, ColREHfREYIch®ktsT
bHI. TIB L OEINS NIME—DERESTH 2 ER
KEARER I, BEREOME b5, Zrp Tik
EDORBEILHRKICEACrP NI B EOBEETHICZSL
V. FERRDE A, ZEINERT OGS & RE R ED
EREICHRET ARIGHICED OGN s, oSN
&, ZREANEBMICKEID 552 bV x y V&
LHIAL R 5 7 & ORI TR S N afRetk g v

— 366 —




