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Seismological evidences showing along arc variation of crust and mantle evolution in the
lzu-Bonin arc

Shuichi Kodaira*, Narumi Takahashj Koichiro Obanéa, Tsutomu Takahashi Takeshi Sath Mikiya Yamashita

1JAMSTEC

JAMSTEC has been conducting integrated active-passive source seismic studies to cover the entire 1zu-Bonin arc. New sei
mological constraints on formation and evolution processes of the arc crust are revealed from active source data. For examples
large volume of felsic-to-intermediate component crust having Vp of 6.0 - 6.8 km/s is predominantly observed beneath basaltic
volcanic centers along the Quaternary volcanic front. We also discovered a similar along arc variation of the felsic-to-intermediate
component crust in the rear-arc, which is proposed to be separated from the volcanic front after Oligocene. These findings sut
gest that the main part of the arc crust consisting of the felsic-to-intermediate component was created before the rear-arc hi
been separated from the volcanic front probably in Oligocene age. The passive-source seismic data provide additional constral
to mantle evolution process in the mantle wedge. Seismic tomography shows that low-velocity anomaly in the mantle wedge
extending down to the subducting slab beneath the volcanic front coincide with thicker parts of the arc crust north of Aoga-
shima and south of Sumisu-jima. Image of random velocity inhomogeneities obtained by S-wave peak delay times also show
remarkable along arc variations; i.e., at 30-70 km depth, strongly inhomogeneous regions were imaged beneath the Quaterne
volcanoes and weak inhomogeneities were imaged on the forearc side. Those observations demonstrate that mantle up-welli
to control the crustal growth may not be uniformly distributed along the volcanic front but centered at several areas, as suggeste
by a petrological study.
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Pattern of fluid release from the subducting slab at the IBM margin

Ikuko Wadd*
lInternational Research Institute of Disaster Science, Tohoku University

Aqueous fluids released from the subducting slab play an important role in the creation and the evolution of arc crust by altering
the physical properties of the overlying mantle material via hydration and by triggering hydrous melting, which is in large part
responsible for arc magmatism. In this study, we investigate the pattern of fluid release from the subducting Pacific slab at th
Izu-Bonin-Mariana (IBM) margin, using steady-state thermal models and the thermodynamic calculation cod& Pamgle
explore its role in the formation of arc crust at the IBM margin. Geological and geophysical observations and thermo-mechanica
models indicate that the distribution of hydrous phases in the lower crust and upper mantle of oceanic lithosphere can be highl
localized due to fault-controlled fluid migration and hydration. However, to date, most studies of fluid flux in subduction zones
have assumed a uniform distribution of mineralogically boun®Hmvithin given lithologies in the incoming oceanic plate. Fluid
flux calculations by Wada et al. (2012) for a range of generic subduction systems show that for a given@utkritent,
localized hydration results in shallower@ release compared to uniform hydration, and that th® Hux off the subducting
slab beneath the forearc and arc regions can be almost twice as large from a locally hydrated slab as from a uniformly hydrate
slab. In this study, we will apply the approach developed by Wada et al. (2012) to the IBM subduction system and quantify the
effect of localized hydration in the incoming Pacific plate on the pattern of fluid release. The hydration of the overlying mantle
by the released aqueous fluids and the subsequent downdip flow of the hydrated mantle driven by the motion of the slab dele
the liberation of HO and affect the depth distribution of fluid flux. At the IBM margin, the subducting Pacific slab is old and
cold. The mantle material at the base of the mantle wedge may be altered by mechanical mixing with subducted sediments ar
crust and/or by the addition of Si- and Al-rich aqueous fluids. In such cases with a relatively cold condition along the interface,
hydrous phases, particularly chlorite, may be stable in a thin layer along the base of the wedge to the sub-arc depth (Wada et ¢
2012). In the fluid flux calculations for the IBM system, we will quantify the effect of the hydration of the overlying mantle on
the pattern of fluid release. The modeling results will be compared with the location and the degree of hydrous melting in the
mantle wedge inferred from geophysical and geochemical observations.

Keywords: Subduction zones, Thermo-petrologic model, Fluid flux, Subducting slab, Mantle wedge, Arc volcanism

1/1



Japan Geoscience Union Meeting 2013 ‘e < ;’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

SCG10-03 Room:101B Time:May 22 14:45-15:00

Uranium-series evidence for variations in subduction components along the Izu volcani
arc

Heye Freymuth, Tim Elliott!, Yoshihiko Tamura
1 Bristol Isotope Group, University of Bristol, URJapan Agency for Marine-Earth Science and Technology

Uranium-series isotopes can provide information about the time-scales of processes in subduction zones such as fluid trans
from the subducted slab to the mantle wedge, melt generation within the mantle wedge and ascent of the melts to the surface. Y
critical aspects of these isotopic systems are not well understood. Traditionally, 238U excesses over 230Th in arc magmas h
been interpreted to reflect the relative affinity of U for an aqueous fluids that transports it into the subarc mantle while Th remains
immobile but recent U-Series models for the Mariana arc (Avanzinelli et al., 2012) indicate that some Th is transferred to the arc
in the fluid which will affect conclusions on the time-scales of subduction zone processes. The Izu arc is highly depleted in mos
incompatible elements which allows components derived from the subducting slab to be more clearly identified. Samples fron
several islands of the Izu arc have large 238U excesses over 230Th which suggests that the compositions of magmas from tt
part of the I1zu-Bonin-Mariana (IBM) arc are dominated by fluids derived from the subducting slab.

Trends in U-series isotopes in other arcs worldwide and in particular in the Mariana arc in the southern segment of the IBM
arc have been interpreted as mixtures between fluids derived from the subducted slab and a sediment melt. Variations in U-Seri
isotopes within the more depleted Izu arc indicate a negligible influence of sediment melts. Instead, samples from differen
islands are mixtures between a fluid that is compositionally similar to the fluid end-member in the Mariana arc and the depletec
sub-arc mantle. The U-series data for the Izu arc as well as differences in the enrichment in fluid-mobile elements show that th
magnitude of the fluid-flux is highly variable within the Izu arc. Trends in the U-series data indicate that Th is mobilized in the
fluid. Furthermore, the unusual trends in the U-series data for the Izu arc allow us to gain information about the compositions o
both the fluids derived from the subducted slab as well as the sub-arc mantle.

REFERENCES:
Avanzinelli, R., Prytulak, J., Skora, S., Heumann, A., Koetsier, G., Elliott, T. (2012) Geochimica et Cosmochimica Acta 92,
308-328
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Evidence from melt inclusions for magmas stalling at mid-crustal depths
Alexander Nichol$*, Yoshihiko Tamurd, Robert Sterf, Hiroshi Shukuné, Ryoko Senda
'FREE, JAMSTEC, JapariDepartment of Geosciences, University of Texas at Dallas, USA

Primitive porphyritic basalts containing wehrlite and dunite crystalline aggregates were recovered from the northwestern slope
(1390-1135 mbsl) of West Zealandia Seamount{88 N), southern Mariana Arc, by the ROV Hyper-Dolphin during cruise
NT09-08, in June 2009. Olivines within the wehrlite {g099) and dunite (Fg,_o1) aggregates, and the phenocryst population
(Fo;7_g2) contain glassy silicate melt inclusions. The compositions of these olivines and the volatile contents of the inclusions
they host (analyzed by electron microprobe, laser ablation inductively coupled plasma mass spectrometry and micro-Fouriel
transform infrared spectroscopy) suggest a crustal origin for the aggregates. Maxig@uantl CQ contents in inclusions from
olivine in the wehrlite aggregates of 4.23 wt.% and 809 ppm, respectively, suggest final equilibration at "300 MPa, equivalent
to depths of “11 km. Inclusions in the dunites and phenocryst olivine populations are more evolved and contain mg@mum H
and CQ contents of 4.52 wt.% and 402 ppm, respectively. These suggest final equilibration at "180 MPa, equivalent to depths o
"6 km. Geophysical surveys of the crustal structure in this area of Mariana Arc estimate the total thickness of the crust beneat
West Zealandia to be "19 km, with lower-middle crust and middle-upper crust boundaries at “11 and "6 km, respectively. Thes
correspond to the inclusion equilibration depths suggesting that magmas are stalling at these boundaries and trapping melts
they crystallize. Comparison with volatile contents in other melt inclusions suggests that magmas commonly stall at 6 to 12 knr
beneath Mariana Arc volcanoes, and indeed beneath volcanoes in other arcs. This has important implications as it may represt
a fundamental relationship between magma stalling, differentiation and the generation of middle crust in the 1zu-Bonin-Mariang
Arc system and other arcs.

Keywords: melt inclusions, volatiles, middle crust
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A tale of two magmas: Contrasting MORB-Boninite reaction trends in IBM forearc moho
transition zone

Matthew Loocké*, Jonathan E. SnolOsamu Ishizuka
LUniversity of Houston?2Institute of Geology and Geoinformation, Geological Survey of Japan/AIST

Petrographic and geochemical analysis of spinel from 35 lower crustal dunites, harzburgites, wehrlites and gabbros recovere
from the inner trench slope of the Bonin Ridge (BR) reveals 2 groups of samples which reacted with distinct melt compositions.
The first group (Group M) consists of peridotites (cpx-harzburgite), wehrlites, and gabbroic rocks with medium Cr# (100 x Cr /
Cr + Al) spinels ranging from 45 to 60 and high TiO2 and Al203 spanning "0.1-2.25 and "12-30 wt. % respectively. The second
group (Group B) consists of only dunites and cpx-free peridotites with high Cr# spinels ranging from 65 to 94 and low TiO2
and Al203 spanning "0-0.12 and "3-21 wt. % respectively. Clinopyroxene is present in samples from group M but not group B.
Clinopyroxene major element compositions range from 98 to 86 in Mg# with low TiO2 (0 - 0.11 wt. %) and heavily depleted
REE compositions similar to depleted MORB mantle peridotite clinopyroxenes. The group M and group B samples are the resul
of melt-rock reaction with a mid-ocean ridge basalt (MORB)-like melt and a more depleted boninitic melt respectively. MORB-
like forearc basalts ("50-52 Ma) and boninites ("44-48 Ma) recovered from the BR have been interpreted to represent a chanc
from decompression melting at subduction initiation to flux melting and boninitic volcanism. The group M and group B samples
are a record of the change from MORB-like melts created by decompression melting of already depleted mantle at or soon afte
subduction initiation to arc-type flux melting and boninite volcanism. Further, the presence of melt-hybridized peridotites and
gabbroic rocks with spinels belonging to group M and not group B suggests that the lower crust and the mantle transition zone c
the BR may be dominated by gabbroic rocks and material related to the FABs. This would imply that a large portion of the lower
crust in the fore-arc was formed during or shortly after subduction initiation and is similar in composition to MOR lower crust.

Keywords: peridotite, Bonin Ridge, melt-rock reaction, subduction initiation, spinel, moho transition zone
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Various arc magmas from a common plate slab: Sources and genetic conditions of th
coexisting alkali basalts, sub-alkali

Jun-Ichi Kimura*, Atsushi Kamed, Junichi Nakajimd, Hiroshi Kawabath, Peter van Kekeh James Gifl, Robert Stert

HFREE/JAMSTEC 2Shimane University? Tohoku University,*University of Michigan,?University of California Santa Cruz,
SUniversity of Texas at Dallas

In response to the subduction of the young Shikoku Basin of the Philippine Sea Plate (PSP) slab, arc magmas have been act
through the late Cenozoic in the SW Japan artg Ma). Extremely various magma types occurred including oceanic island-type
basalt (OIB), shoshonitc to mildly alkalic to sub-alkalic basalts with arc signatures, high-Mg andesites (HMAs), and adakites. The
OIB-type basalt was related to the Japan Sea back-arc basin opening and the rests of the lavas with arc signatures were regar
as the results of re-initiation of subduction and subsequent progressive westward subduction of PSP. However, arguments pres:
in both the origin of the magmas and their tectonic implications. To address these issues, we analyzed 324 lava samples fro
seven Quaternary volcanoes in the SW Japan arc. Geochemical examinations negated possibilities of the origin of the adakit
either from lower crustal melts or fractionated melts from mantle derived basalt. We further investigated the genetic conditions
of the entire suite lavas using a geochemical mass balance model, Arc Basalt Simulator version 4 (ABS4). The ABS4 mode
suggested that the adakites originated from slab melts with minimal interactions to the mantle peridotite. Greater involvemen
of the peridotite fractions in slab melt-fluxed mantle melting explained fairly well the geochemical variations of shoshonites,
alkali to sub-alkali basalts, and HMAs. We thus propose that the various arc magmas in the SW Japan arc originated simply by
common slab melt-fluxed mantle melting mechanism with varied conditions including source materials of the slab melts, mantle
melting depth and temperature, degree of melting, and slab melt fractions. Such the volcanism began at "15 Ma, therefore, su
the hot subduction system induced by the subduction of the Shikoku Basin, should have been initiated by the time.

Keywords: SW Japan, volcanic rock, magma, geochemistry, modeling
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Forming continental crust: Density sorting in subducted arcs
Peter Kelemelt, Mark D. Behr?
LColumbia University?Woods Hole Oceanograhic Institution

In recent work (Hacker, Kelemen & Behn EPSL 2011; Behn, Kelemen, Hacker, Hirth & Massone, Nature Geoscience 2011)
we investigated pathways faelamination return of compositionally buoyant, subducted material to the base of arc crust.
Delaminationof dense lithologies from the base of arc crust is invoked to convert mafic arc sections to felsic bulk continental
crust (BCC; e.g., Ringwood & Green Tphys 66; Herzberg et al CMP 83; Kay & Kay Geol. Rundsch. 91; Ducea & Saleeby 96;
Jull & Kelemen JGR 01). However, even in arcs where evidence for delamination of dense roots is compelling, remaining crus
can be mafic (e.g., Kelemen et al. Treatise Geochem (ToG) 03; Green et al. J Petrol 06). To form felsic crust may require tha
more than 50% of the crust reaches granulite facies, perhaps during multiple episodes of thickening. In contrast, subduction of a
lithologies to eclogite facies (via arc-arc collision or subduction erosion)efninationprovides an opportunity for density
sorting in a single stage.

When arc crust is subducted to eclogite facies, what compositions are buoyant and might return to the crust? We evaluate th
using PerplexX (Connolly AJS 90) to calculate densities for volcanic rocks (Aleutians: Kelemen et al. AGU Monogr 03; Singer
et al. JGR 07; IBM: Jordan, CentAm & IBM Geochem Database v. 1.02, 12), plutonic rocks in the Aleutians (Kelemen et al.
AGU Monogr 03), and plutonic rocks representative of IBM mid-crust (Kawate & Arima Island Arc 98; Haraguchi et al. CMP
03; Saito et al. J Petrol 07; Tamura et al. J Petrol 10).

More than half of Aleutian lavas and plutons are buoyant relative to mantle peridotite in eclogite facies conditions (700-800
C, 3-4 GPa). Density instabilities could return them to the overlying crust. In detail, compared to the range estimated for BCC,
Ta concentrations are slightly higher (average volcanics) and lower (average plutons), but a 1:1 mixture of volcanic and plutoni
components is within the range for all major and trace elements with sufficient data. Western Aleutian volcanic rocks have the
lowest Pb and Sr, and the highest Nd and Hf isotope ratios of any arc worldwide; recycled continental material is absent o
negligible. BCC created there is juvenile, derived from the depleted mantle, not from recycling.

Density sorting of IBM compositions produces a similar result. Most primitive and high Mg# IBM lavas and plutons are
depleted in K and highly incompatible elements compared to BCC (Kelemen et al. ToG 03). However, more than 80% of IBM
lavas and plutonic samples are denser than the mantle in eclogite facies. The remaining, buoyant fractions are similar to BC(
though density sorted IBM data contain slightly higher HREE and lower Ta and Nb, and have a lower Mg#, compared to BCC.

In subduction erosion, forearc material in the subducting package can2@0 C before erosion so buoyant lithologies
reach 700-800 C faster, and in larger volumes at a given time, than in arc-arc collision, facilitating the formation of buoyant
diapirs. Subduction erosion rarely, if ever, transports compositionally buoyant material deep into the convecting mantle. Becaus
subducted buoyant material can return to the crust, it is questionable to add eroded material to observed arc volumes to deri
crustal growth rates.

Buoyancy instabilities during subduction erosion or arc-arc collision accumulate buoyant, felsic components into the crust,
with the composition of BCC. This provides a uniformitarian, end-member process for genesis and evolution of BCC.

Ongoing calculations (similar to Tatsumi et al. G-cubed 2000) will estimate isotope characteristics for the denser fraction of
subducted arc crust remaining in the mantle.

Keywords: Continental Crust, Density sorting, Subduction zone
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Origin of the proto-Philippine Sea Plate and the discovery of Mesozoic basement beneat
the northern lzu-Bonin Arc

Kenichiro Tant*, Osamu Ishizuka Hayato Uedd, Hiroshi Shukuné, Yuka Hirahard, Alexander Nichols, Kenji Horie?,
Daniel J. Dunkley, Akira Ishikawd, Tomoaki Morishita

LJAMSTEC,?Geological Survey of Japan/AlSTHirosaki University*NIPR,5Curtin University,SUniversity of Tokyo,’ Kanazawa
University

The Izu-Bonin Arc is widely regarded to be a typical intra-oceanic arc, with the oceanic Pacific Plate subducting beneath
the Philippine Sea Plate, an evolving complex of active and inactive arcs and back-arc basins. It is dominated by oceanic cru:
forming three large back-arc basins; Shikoku, Parece Vela, and West Philippine Basins, making the present Philippine Sea Pla
look like an "oceanic” plate. However, all of these back-arc basins were formed after subduction at Izu-Bonin Arc had begun, at
“52 Ma (Ishizuka et al. 2011, EPSL). Little is known about the proto-Philippine Sea Plate, which existed along with the Pacific
Plate at the time of subduction initiation and before the formation of back-arc basins.

To investigate the crustal structures of the proto-Philippine Sea Plate, we conducted manned-submersible SHINKAI6500 an
Deep-Tow camera surveys during cruise YK10-04 of the R/V YOKOSUKA in April 2010 at the Daito Ridges. The Daito Ridges
comprise the northwestern Philippine Sea Plate along with what are regarded as remnants of the proto-Philippine Sea Plate. St
mersible observations and rock sampling revealed that the Daito Ridges expose deep crustal sections of gabbroic, granitic, a
metamorphic rocks, along with volcanic rocks ranging from basalt to andesite. Jurassic to Cretaceous magmatic zircon U-Pb ag
have been obtained from the plutonic rocks, and whole-rock geochemistry of the igneous rocks indicates arc origins. Furthel
more, mafic schist collected from the Daito Ridge has experienced amphibolite facies metamorphism, with phase assemblag
suggesting that the crust was thicker than 20 km at the time. These finds show that the Daito Ridges represent developed crus
sections of the Mesozoic arc that comprises part of the proto-Philippine Sea Plate, and, together with the tectonic reconstructic
of the proto-Philippine Sea Plate (Deschamps and Lallemand 2002, JGR), they suggest that subduction of the Izu-Bonin Arc ini
tiated at the continental margin of the Southeast Asia, possibly correlating with the Mesozoic island-arc and ophiolite complexe:
exposed in the southwest Pacific margins, such as those in the Philippine Islands. Only later did it acquire an "intra-oceanic”-like
setting through the formation of the backarc basins.

Furthermore, detrital zircon ages from volcaniclastic sandstones collected from northern I1zu-Bonin forearc, counterpart of the
Daito Ridges, yield Mesozoic to Paleozoic ages, indicating that similar Mesozoic basement may even exist beneath the prese
Izu-Bonin Arc. To confirm this hypothesis, we have conducted a SHINKAI6500 survey on the landward slope of the northern
Izu-Bonin Trench during cruise YK11-07 of the R/V YOKOSUKA in September 2011. The collected samples are dominantly
andesite with two diorite samples, and preliminary zircon U-Pb dating of the diorite sample yielded Cretaceous ("100 Ma) mag-
matic age as well as abundant Paleozoic to Proterozoic detrital zircons. Preliminary whole-rock geochemistry of the andesite ar
diorite samples show clear arc-signatures, confirming that a preexisting basement composed of Mesozoic arc crust underlies
least part of the present northern Izu-Bonin Arc.

These new insights on the crustal structure of the proto-Philippine Sea Plate and the discovery of preexisting Mesozoic ar
basement beneath the Izu-Bonin Arc raise serious doubts about the intra-oceanic nature of the Izu-Bonin Arc system. Prev
ous petrologenetic and geochemical models, used to interpret the seismic crustal structures of the present Izu-Bonin Arc, ha
assumed oceanic crust as a preexisting basement, and on the basis of these new results such models now need to be reconside
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Temporal variation of OIB-like magmatism in the Western Philippine Sea-link to spread-
ing of the West Philippine Basin-

Osamu Ishizuké, Rex N. Taylo?, Yasuhiko Ohary, Makoto Yuasa
LGeological Survey of Japan/AlSTUniversity of SouthamptorfHydrographic and Oceanographic Department of Japan

We present new’Ar/3°Ar ages as well as geochemical data for samples recovered from oceanic plateaus in the West Philip-
pine Basin (WPB) and Daito Ridge group in the Philippine Sea. This data defines the volcanic history of OIB-like magmatism
in and around the WPB and enables a tectonic reconstruction of the early history of the Philippine Sea, which is crucial for
understanding the subduction nucleation process along the Izu-Bonin-Mariana arc.

Benham Rise (south of the spreading centre), Urdaneta Plateau and Oki-Daito Rise (north of the spreading centre) are tt
oceanic plateaus in the WPB, distributed on both sides of the extinct spreading centre of the basin. The northern margin of th
WPB is marked by Daito Ridge group, which is composed of Eocene-Mesozoic remnant arc structures. New drilling and dredge
sampling recovered volcanics with OIB-like geochemical characteristics (an overall enrichment of incompatible elements anc
associated radiogenic isotopes) from the oceanic plateaus as well as volcanic edifices overlapping the remnant arc and neighb
ing ocean basin. In addition, basalts from the WPB are found to have variable enrichment relative to N-MORB.

The age range obtained from the OIB-like basalts from the Urdaneta Plateau (34.6 to 38.0Ma) agrees with that reported fror
the Benham Rise, which is located at similar distance from the extinct spreading centre. Meanwhile, older ages of around 40.-
44.39 Ma were obtained from basalts from the Oki-Daito Rise, north of Urdaneta Plateau. The offtAm&tAr age range
implies that the Urdaneta Plateau and Oki-Daito Rise represent age-progressive record of OIB-like magmatism in the norther
half of the West Philippine Basin, and the source for the OIB-like magmatism existed near the spreading centre of the WPB a
least between c. 35-45 Ma. Based on this assumption, half spreading rate of the WPB is estimated to be about 5.5 cm/y betwe
35.8 and 44.4 Ma.

The OIB-like magmatism is not restricted to the plateaus, but is also found on the WPB floor. This might indicate that besides
the continuous supply of the enriched mantle providing the magmatism that formed the plateaus, enriched asthenospheric man
was also present as either irregularly distributed regions beneath Philippine Sea, or was dispersed and mixed with the acti
spreading regime.

Distribution of OIB-like magmatism at c. 44-48 Ma, which is older than those found from the plateaus in the WPB, on pre-
existing Daito Ridge group appears to indicate that this magmatism is not necessarily associated with spreading, but might hay
been caused either by upwelling of enriched mantle or regional extension which triggered decompression melting of enriche
mantle. Variable enrichment observed for the WPB basalts implies that the upwelling enriched mantle (or melt derived from
it) contaminated the ambient asthenospheric mantle in this region. Upwelling of this enriched mantle plume head might have
triggered initiation of spreading of the WPB by uplifting and heating of overlying arc crust by the similar process proposed for
continental breakup (e.g., Courtillot et al., 1999).

Keywords: West Philippine Sea, OIB, 40Ar/39Ar age, oceanic plateau
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Why we need drill deep into the oceanic arc crust?
Yoshihiko Tamur&*, Yoshiyuki Tatsunt
NFREE, JAMSTEC2Kobe University

The continental crust, the most differentiated end-member of the components of solid Earth, is andesitic in overall compositior
(e.g. Rudnick & Gao, 2003). Thus, it is widely thought the continental crust has been created, or at least recycled, in subductio
zones for the last 3.5 Ga (eg. Taylor, 1967, Rudnick, 1995). However, how andesite is generated, the so-called 'andesite problen
has long been a central question of igneous petrology.

At first glance, intra-oceanic arcs do not appear to be the right place to study the production of andesitic magmas, becaus
(1) modern magmatism at the intra-oceanic Izu-Bonin-Mariana (IBM) arc is bimodal, with basalt and rhyolite predominating
(Tamura & Tatsumi, 2002); and (2) turbidites sampled during Ocean Drilling Program (ODP) Leg 126 in the Izu-Bonin arc,
which range in age from 0.1 to 31 Ma, are similarly bimodal (Gill et al., 1994), suggesting that the bimodal volcanism has
persisted throughout much of the arc’s history. Moreover, such bimodal magmatism is not unique to the Izu-Bonin arc, with the
30-36.5 degrees S sector of the Kermadec arc, another example of an intra-oceanic arc, also exhibiting it (Smith et al., 200:
2006; Wright et al., 2006). So why and how do we study the intra-oceanic arcs to solve the 'andesite problem’?

Closer inspection of the IBM arc remarkably reveals the presence of a significant volume of middle crust with seismic velocities
of 6.0-6.8 km/s throughout the entire arc (Calvert et al., 2008; Kodaira et al., 2007a,b; Kodaira et al., 2008; Kodaira et al., 2010
Takahashi et al., 2007; Takahashi et al., 2008; Takahashi et al., 2009). This is remarkable because these velocities are characteri
of a wide range of intermediate-felsic plutonic/metamorphic rocks (Christensen & Mooney, 1995; Behn & Kelemen, 2003, Behn
& Kelemen, 2006) and are similar to the mean velocity of andesitic continental crust, such material would not be expected to be
present on the basis of the bimodal volcanism. Moreover, this crust is presently thickest beneath basaltic volcanoes and thinne
beneath rhyolitic volcanoes (Kodaira et al., 2007), which is another enigma.

One possible way to understand this phenomenon is to investigate arc crustal sections exposed on land in order to exami
the relationship between volcanic and plutonic rocks and the generation of andesitic magmas, as exposed arc crustal sectic
typically include middle crust composed of diorite to tonalite to granodiorite (e.g. Kawate & Arima, 1998; Busby et al., 2006;
DeBari & Greene, 2011). However, in the IBM arc, remnants of this old crust have never been found at the northern end of the
arc, where it is colliding with the Honshu arc (Izu collision zone) (e.g. Tani et al., 2010; Tamura et al., 2010). Tamura et al.
(2010) suggest that IBM arc middle crust in the collision zone was partially melted during the collision and then intruded into
the overlying upper crust of the Honshu and IBM arcs. This resulted in the complete loss of chronological information, original
mineralogy and possibly their original composition, and thus any information related to their original source. Similarly, any
continental crust we observe on the surface of the Earth will have experienced deformation, metamorphism, and been otherwit
processed, perhaps several times from its creation in subduction zones to the present day, thus overprinting, resulting in the lo
of, key information that can provide clues to its genesis.

'Ultra-Deep Drilling into Arc Crust’ is the best way to sample unprocessed juvenile continental-type crust in order to observe
the active processes that produce the nuclei of new continental crust, and to examine the nature of juvenile continental crust beil
generated at intra-oceanic arcs.
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Temperature of primary magma from Sannome-gata volcano, NE Japan Arc

Takeshi Kuritani*, Takeyoshi Yoshidi Jun-Ichi Kimurd&, Toshiro Takahashj Yuka Hirahard, Takashi Miyazaki, Ryoko
Sendd, Qing Chang, Yoshinori Itc?

LOsaka City University?Tohoku University?JAMSTEC

Materials and energy transport in subduction zones has played important roles in the Earth’s evolution, and has been ir
vestigated extensively from petrological, geochemical, experimental, numerical, and geophysical studies. In these approache
petrological studies on volcanic products can provide direct information on the thermal and geochemical states of the sub-ar
upper mantle. However, arc volcanic rocks are commonly differentiated from their primary compositions, and it is not easy to
extract reliable information of the source mantle from the rocks.

In this study, the temperature condition is estimated for a primitive basaltic scoria from Sannome-gata volcano, which is lo-
cated in the rear arc of the NE Japan arc. A petrological study was carried out on the scoria by Yoshinaga and Nakagawa (199¢
and they showed that some scoria represent nearly primary magmas. We have collected many scoria samples from the sal
outcrop, and detailed petrological and geochemical analyses have been performed for selected samples. The samples show
nificant variations in whole-rock compositions (Si@6.7-56.2 wt.%; MgO: 2.4-11.1 wt.%). The samples with Mg®.5 wt.%
("magnesian samples”) are mostly homogeneod$anféSr ratios ("0.70318), whereas those with Mg®.0 wt.% ("less mag-
nesian samples”) have high&SrfSSr ratios (-0.70327) and the ratios tend to increase with decreasing the whole-rock MgO
contents. The phenocrysts contents correlate with the whole-rock compositions; the magnesian samples are aphyric, containi
"5 vol.% olivine microphenocrysts, and the less magnesian samples contain plagioclase, alkali feldspar, and quartz phenocrys
as well as olivine microphenocrysts. The Mg# of olivine microphenocrysts is up to Mg#90.

The phenocrysts assemblage and the correlation betweei Sh€Sr ratios and the whole-rock major element composi-
tions clearly suggest that the less magnesian samples experienced extensive interaction with the crust. In contrast, the magnes
samples may have been essentially free from crustal assimilation, because they are aphyri¢@m#4Be ratios are homo-
geneous irrespective of the variations in the whole-rock major element compositions (9.5-11.1 wt.% in MgO). Considering that
the magmas can equilibrate with "Mg#90 olivine, the magnesian samples may represent primary magmas. Using thermodynam
calculations and the observed petrological features of the magnesian basalts, the temperature of the magmas shortly before er
tion is estimated to have been "1221) and the water content of the magma at depth is estimated to have-Badnwt.%.

Given that the water content of the magma was 3.1 wt.% and the magma was generated at 2 GPa (Kimura and Yoshida, 200¢
the temperature of the source mantle is estimated to have beer?CL.300

Keywords: Island arc magma, mantle, temperature, water content
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Thermal history of lower crustal xenoliths from Ichinomegata Maar, NE Japan
Yasuhiro YANAGIDA*, NAKAMURA, Michihiko !, YOSHIDA, Takeyoshi
!Department of Earth Science, Graduate school of Sience, Tohoku University

Xenoliths derived by maar eruptions are important source of information on the deep earth. In this study, we carried out
petrographical study of crustal xenoliths from Ichinomegata Maar, NE Japan to constrain their origin and ascent processe:
Among the xenoliths correction of Tohoku University, we selected seven hornblende (Hb) gabbro samples having cumulate
texture. These samples include small amoutitlQ vol. %) of fine-grained crystals of plagioclase, olivine, clinopyroxene and
magnetite with or without trace amount of intergranular glass. The Hb-gabbro xenoliths were divided into two types on the
basis of modal composition and Hb mineral chemistry, one with abundant (ca. 50?65 vol.%) aluminous pargasite-tschermakit
(Type-2) and the other less abundant (15?35 vol.%) and less aluminous (Type-1). The amphibole geothermo-barometer yielde
equilibrium P-T conditions for the core compositions as follows: 400?650 MPa and 930?9800C for Type-1, and 50071000 MP¢
and 900?10200C for Type-2. These temperatures are higher than hydrous basaltic solidus, showing that the Hb-gabbro xenolit
were derived from cumulate zones of magma reservoirs in the lower and middle crust. The anorthite content (An#) of plagioclast
cores are 85795 mol%, which is consistent with the estimated temperatures. In order to constrain xenoliths capturing and asce
processes of host magma, we examined rim compositions and fine-grained crystals in the melt. In Type-1 xenoliths, Hb grain
have relatively wide rim with relatively AllV and alkali-rich, high Mg# (Mg/(Mg+Fetotal) in mol.%) compositions compared to
the core. The plagioclase grains have a rim with Na-rich compositions (An# "50?70) that overlap with the range of fine-grainec
plagioclase composition. These mineralogical characteristics show that rim compositions of Hb and Pl record heating event an
magma ascent process, respectively. In Type-2 xenoliths, by contrast, Hb crystals have very thin, if any, rim and fine graine
crystals are much less than Type-1. This indicates that Type-2 xenoliths have a shorter heating duration than Type-1, i.e., Type:
were derived from the lower crust immediately after they were captured by the basaltic magma. The preheating event of Type-
may correspond to the injection of hot basaltic magma into the lower crust.

Keywords: Ichinomegata, xenolith, hornblende Gabbro
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New geochemical classification of global boninites
Kyoko Kanayam&, Keitaro Kitamura, Susumu Umind
! Department of Earth Sciences, Kanazawa University

Boninite is an important volcanic rock type associated with the initiation of a subduction zone. It is generally defined as a
variety of high-magnesian andesites with $i® 52 wt%, MgO> 8 wt% and TiQ < 0.5 wt%. Compilation of the global data
on bulk geochemistry of boninites defined as such shows a broad compositional range consisting of a number of regional trenc
which are characteristic to the individual volcanic suites, suggesting that the genetic conditions of boninite magmas are highl
variable dependent on the tectonomagmatic situations. Therefore, re-evaluation of the classification scheme of global boninite
is crucial to understand the genetic conditions of boninite magmas and their relationships with the tectonomagmatic settings.

Boninite is usually a part of volcanic rock suites which forms a continuous fractionation trend from magnesian-@agO
wt%) boninite through less magnesian andesite to dacite and rhyolite. These regional fractionation trends form subparallel curve
on a SiQ-MgO plot, namely boninite series, that differ from volcanic suites to suites. We advocate to classify these boninite-
series rocks into high- and low-Si boninites by a discrimination line running through points =S85 wt% at MgO = 20
wt% and SiQ = 59 wt% at MgO = 8 wt% on a SiPvs. MgO plot. Boninites from Ogasawara (Bonin) Islands on the IBM
forearc and western Pacific ophiolites in Papua New Guinea and New Caledonia show compositional trends of high-Si boninite
series which are controlled by crystal fractionation of olivine and orthopyroxene. Whereas, boninites from Tonga arc, DSDP
Site 458 and Guam, and Neo-Tethys ophiolites such as Oman and Troodos show Low-Si boninite series trends controlled b
olivine, orthopyroxene and clinopyroxene fractionation. Low-Si boninite-series rocks do not evolve across the discriminate line
by crystallization differentiation. Primary magmas of Low-Si boninites are characterized by enhanced LILEs and LREEs by
slab-derived HO-rich fluids. Melting experiments of peridotites have demonstrated that low-Si boninite-like melts with SiO
< 54 wt%, MgO < 23 wt% could be produced under 1-2.5 GPa and dry and water-undersaturated conditions. On the contrary.
SiOy-rich (SiO, > 54 wt%) melts like high-Si boninites have never been produced by peridotite melting experiments. Instead,
highly depleted REEs and high Zr/Ti ratios of high-Si boninite magmas require slab-derived felsic melts that reacted with the
depleted harzburgite in the mantle wedge.

Keywords: boninite, Ogasawara (Bonin) Islands, Oman ophiolite, Troodos Ophiolite
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Primary boninite magmas explored from melt inclusions
Keitaro Kitamura*, Umino Susumti, Kanayama Kyokb
! Dept. Earth Sci., Kanazawa Univ.

Boninite melt inclusions were analyzed in Cr-spinel collected from beach sand from Mukojima, Chichijima, Anijima and
Ototojima, Bonin Islands. The common constituents of the inclusions are quenched glass, daughter minerals which grew afte
trapping, and euhedral crystals of olivine, orthopyroxene and clinopyroxene that were trapped with the surrounding melt, anc
shrinkage bubbles. We classified the inclusions into 6 types (Type-A - F) based on the combination of the constituents and the
textures. The difference in these inclusion types inherited from the melt compositions and the cooling history dependent on th
mode of occurrence of the host rocks. Because of the homogeneity of the glass in inclusions and the host spinel adjacent to tl
inclusion walls, the bulk compositions of quench glass with or without quench crystals (Type-A, B, E and F) are considered to
represent the liquid compositions when captured by the host spinel. Major and trace element compositions of melt inclusion
show a wide range of boninitic compositions with $i&B-63 wt.%, TiQ 0.02-0.25 wt.%, AjO3 6-13 wt.%, MgO 8-23 wt.%,

CaO 4-11 wt.%, Zr/Ti 0.01-0.04, Gd/Lu 2.4-7.2 and Gd/La 0.24-0.87. We classified the compositions of melt inclusions into five
types. BIC (Boninite Inclusion Compositions)-1 is characterized by a low-8&hd and belongs to high-CaO boninite series.

It has a subhorizontal chondrite-normalized pattern with high REE abundances. These features are similar to low-Si boninite b
Kanayama et al. (2012). BIC-2 is characterized by relatively high CaO content and low Zr/Ti, which resembles to high-Si type
2 boninite by Kanayama et al. (2012). BIC-3 shows a low-Ca and low-8&nd. BIC-4 and BIC-5 are typical low-Ca boninite

with high Zr/Ti ratios and high Si@contents. However, BIC-4 has a lower,&l; content than BIC-5 and a U-shaped chondrite-
normalized REE pattern and is mostly sampled from Mukojima. On the other hand, BIC-5 shows a characteristic V-shapec
chondrite-normalized REE pattern. In general, BIC-types show a systematic relationship with the host Cr-spinel compositions
BIC-1, 2 and 3 are hosted by low-Cr# spinel, whereas BIC-4 and 5 are hosted by high-Cr# spinel. | have estimated the pressur
and temperatures for the most primitive melt inclusions in each BIC type to have been in equilibrium with the mantle peridotite
under anhydrous or hydrous conditions by using the olivine-liquid geothermometer by Putirka et al. (2007) and the olivine-
orthopyroxene-liquid geobarometer by Putirka (2008). As a result, it is shown that BIC-1 type was generated in higher pressur:
condition than other BIC types.

Keywords: boninite, melt inclusion, primary magma composition, Cr-spinel
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Magmatic accretion and backarc opening controlling crustal structure of the Izu-Ogasawa
Mariana island arc

Narumi Takahasht, Shuichi Kodaird, Mikiya Yamashita, Takeshi Sath, Tetsuo No, Seiichi Miurd, Yuka Kaihd, Yoshiyuki
Kaneda, Yoshiyuki Tatsumi

1Japan Asgency for Marine-Earth Science and Technology

Japan Agency for Marine-Earth Science and Technology (JAMSTEC) has carried out seismic surveys using a multi-channe
reflection streamer system and ocean bottom seismographs (OBSs) since 2002. Through these surveys, we obtained a lot of
locity structures and reflective images across and along the arc. The arc crust has strong variation in the crustal thickness and
composed of an upper crust with a P-wave velocity (Vp) of 4.5-6.0 km/s, a continental middle crust with Vp of 6.0-6.5 km/s, a
lower crust with Vp of 6.5-7.5 km/s and with much proportion, and mantle with lower Vp of less than 8 km/s beneath the arc. In
the lower crust, two layers are distributed, one is a thin upper layer with Vp of 6.5-6.8 km/s and the other is thick lower layer with
Vp of 7.0-7.5 km/s. The characteristics of the velocity structure of this region are thick crust with much volume of a layer with
Vp of 6.0-6.8 km/s and broad distribution of high Vp lower crusts. The former has developed lower crust adding the thick middle
crust. Although the crustal thickness along the volcanic front is not homogeneous but various, the rough thicknesses are 20-Z
km, 10-15 km and 15-20 km at the northern, central and southern arcs. The change of the crustal thickness is mainly brought k
the middle crust. Such variation of the crustal structure can be seen around the rear arc and forearc regions, and we confirm
three rows of the thick crustal chain like the volcanic front. The thickest crusts, however, distribute beneath not the volcanic front
but initial rifting region. The Sumisu rift in the northern arc and the northern tip of the Mariana Trough has thickest crust and
the origin is thick lower crust with high Vp of over 7 km/s. Inside of the crust is also heterogeneity. In particular, pairs of thick
middle crust and thin upper part of the lower crust or thin middle crust and thick upper part of the lower crust are identified.
The thick upper part of the lower crust was detected beneath the rhyolite volcanoes. On the other hand, the middle crust benes
the forearc region is thinner than that of the volcanic front. This suggests that the variation of the crustal composition depend
on the situation of crustal differentiation and degree of the crustal evolution. The latter distributes broadly at eastern half of the
Shikoku Basin, between the rear arc and the volcanic front and between the volcanic front and a row in the thick arc crusts i
the forearc region. Over the high velocity lower crust, many normal faults are identified on the reflection records. Areas with
normal faults are in backarc side like the Sumisu rift, and front side of the volcanic front also has half graben with normal faults.
The central arc has much volume of the high velocity lower crust between the rear arc and forearc regions except a part of th
volcanic front. And the twice timing that these normal faults were activated was recorded on the basement. The degree of th
backarc opening and the crustal thickening by magmatic accretion at a bottom of the crust control the arc structures, which ar
the crustal thickness, the crustal compositions of the middle crust plus the upper part of the lower crust and the proportion o
the high velocity lower crust. At the eastern end of the arc, it is possible that a part of the old oceanic crust is distributed. The
Ogasawara ridge has complicated and asymmetry structure and has thin crust locally. Inside the crust, there are no clear laye
with high acoustic impedance and its velocity distribution shows strong heterogeneity. This suggests that initial subduction anc
the accompanied subsidence occurred in relative short period.

Keywords: Izu-Ogasawara-Mariana arc, velocity structure, crustal evolution, backarc opening, ocean bottom seismographs, MC
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