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Abstract

Transportation of HyO from the slab to the arc crust by way of the mantle wedge is discussed
based on seismic observations in the northeastern Japan subduction zone. A belt of intraslab
seismicity, perhaps caused by dehydration of eclogite-forming phase transformations, has been
found in the Pacific slab crust at depths of 70-90 km parallel to iso-depth contours of the plate
interface, showing the major locations of slab dehydration. HyO thus released from the slab may
be hosted by serpentine and chlorite just above the slab and is dragged downward. DD seismic
tomography detected this layer of serpentine and chlorite as a thin S-wave low-velocity layer.
Serpentine and chlorite thus brought down to a depth of 150-200 km should decompose there.
H,0 released by this dehydration decomposition is then transported upward and encounters the
upwelling flow directly above, which perhaps causes partial melting of materials within the up-
welling flow. Seismic tomography studies have clearly imaged this upwelling flow as an inclined
sheet-like seismic low-velocity zone at depths of 30-150 km in the mantle wedge subparallel to
the subducted slab. This upwelling flow finally meets the Moho below the volcanic front, and
melts thus transported perhaps stagnate directly below the Moho. Some of them further migrate
into the crust, and are also imaged by seismic tomography as low velocity areas. Their upward
migration and repeated discharge to the surface form the volcanic front. Seismic tomography
study of the mantle wedge further revealed along-arc variations of the inclined low-velocity zone:
very low velocity areas appear periodically every ~ 80 km along the strike of the arc in the back-
arc region of northeastern Japan above which clustering of Quaternary volcanoes and topogra-
phy highs are located, suggesting that melts could segregate from these very low velocity areas
in the upwelling flow and rise vertically to form volcanoes at the surface in the backarc region.

Key words : subduction, H»O, dehydration embrittlement, mantle upwelling flow, arc magma-
tism, seismic tomography
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(a) Schematic diagram of transportation paths of H,O and its host phases (Iwamori, 1998).
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Fig. 2 Epicenter distribution of earthquakes in the upper plane of the double seismic zone within the Pacific slab
(Hasegawa et al., 2007) . Earthquakes are relocated by DD locations (Kita et al., 2006). Upper-plane seismic
belt is shaded. Broken lines and solid lines show depth contours of the upper surface of the PAC slab and the
PHS slab, respectively. Triangles denote active volcanoes.
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Fig. 3 Across-arc vertical cross-section of earthquakes in central Tohoku (Kita et al., 2006). Upper-plane seismic
belt and phase boundaries of JLB — LAE and LAE — eclogite are denoted by A, B and C, respectively.
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Fig. 4 Upper-plane seismic belt in the PAC slab and contact zone with the overlying PHS slab (Hasegawa et al.,
2007). Green broken and dotted lines indicate estimated location of facies boundary from JLB to LAE in the
crust of the PAC slab. Red broken and blue solid lines show iso-depth contours of the upper surface of the

PAC slab and PHS slab, respectively.
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Fig. 5 Vertical cross-sections of P-wave velocity along lines A through C in the inset map (Hasegawa et al., 2007).
P-wave velocity is shown by color scale at the bottom. Hypocenters of earthquakes and low-frequency
earthquakes are shown by dots and open circles, respectively. Thick lines and red triangles at the top denote
land areas and active volcanoes. Solid lines from top to bottom show Conrad, Moho and upper surface of the

PAC slab, respectively.
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Fig. 6 Across-arc vertical cross-section of S-wave velocity in central Tohoku (Tsuji et al., 2007). S-wave velocity
is shown by color scale at the bottom. Solid line, dotted line and broken lines show estimated upper plate
boundary, slab Moho and JLB — LAE and LAE — eclogite facies boundaries, respectively. Earthquakes in
the rectangle area of the inset map are plotted by open circles.
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Fig. 7 Across-arc vertical cross-sections of S-wave velocity perturbations along lines a through f in the inset map
of NE Japan (Nakajima et al., 2001a). Red and blue colors represent low and high velocities, respectively,
according to the color scale at the bottom. Red triangles and bars at the top represent active volcanoes and
the land area, respectively. Dots and red circles show earthquakes and deep, low-frequency microearthquakes,

respectively.

HEMEEINS (Iwamori, 1998) A%, ZFNIZ X
DM EN H O IZZ I HE EIEIINS &
T5&, RATH 100~ 150km O S TLi
OERAFHFITHEIETTH D, EFAREHG~
O HoO ORI, V) FARELZ T F5W &%
T 5 MR ERMSE L BENERT - L O
P HHEE SNz EAGRT b BARE RN O IR
X, PALAEGDOT Yy PVUYFTAXI)EW
(Nakajima and Hasegawa, 2003), & & (I,
Nakajima et al. (2005) 1%, WEKR MEZ T 7 1
TRONZPIEHEE L SEHEOKTHRD A

5, HEEHNIZIZT A7 M 0.01~0.1,
HHERT 01 ~HUBDANV M V7 V— g3 28
GENL LR LT
WREMEZFI 741K RBEN, BXE
150 km DR D A T 71T AT R AR L 724k
OGN, AT TIARRIMED 2 AT
DEHEYI2L—Ya v IilkoThiErDLN
720 Eberle et al. (2002) 1%, HEICKAFT 54
PRI ZHNT, FL— MEARRIIHES) a—
F—T7O0—DOEMEY I 2L — 3 yETW, LA
TR VRIS 3 2 £ 9% R RE A 00 38 IR I &



R L7ze ZOMEEEIE A T TIIFIFFAT T,
POAT 7 LS 50km FEEREN, BXZ
125 km PRI LTHE Y, HILHARTREE
N7, (M 7) 2AZTEICHB LT,
MR AR R I o XY s 7z, )ILH
KL A RARFIZBIT 5, HO OWivksks % X 8a
BRI R o RS 0BV< v N VIE D
LR EAKROFMA EFATRAHAREET 0.1 ~ K%
BEOANNEERSEE, Thabb, AVID
AR, IR R &K R O T DORIRIZ K B
EEZON D, R L KE IR S 150
km X ) EHTOAPBIZA SN S (Zhao and
Hasegawa, 1993) Z &5 &, MIZKELFE DS X v
MEBICEEZBXZLTWAZENHENSN
bo TOXHITLT, BEDLELEATTHLAHS
N72zHO0 I, TOXNVMRIZRYATNG, &
DAV M EEARE EARITEEMISKIL7a b
BEFTEBRERMIIEOD DL, IV MV T2y Y
EWFRRICIIBEERDHLDOT, Kihza r M2
o TERME FISIZRKED AV M 3— Bl 5
5THAHH. %p, Kil7vy M- CTEXRME
T ICHEDS % S R EGHEERIC & b AV b A
YINV—Va rOREERE, H1vtitEshT
5% (Nakajima et al., 2005), I Hh5HE 51
ANV M LA L THIICE AL, 25 THRICE
TEITNEKLIE2LS5NE, TOXHITLTK
7ay b2 ERESNEEEZLND (K 8a)

V. YO MVERFEDPSDAIL b OBER
#%D—G)

ZNTIREILRAEARILO X9 2RI o KL
iE, EOLHITLTOLENEDTHAIN?
WEW NET T 7418, <7< EEOBIGER
MOZECDONWTHEERFEHREL/MEL TN
bo TIUIMIENZR2S, ERROBWISHT 2
HEEDGZTLNTVBEEIIIAZ D,

Hasegawa and Nakajima (2004) &, BZFSRY
AN =Yavcky, = MV Y YO
N Z LT, TOh% L) mvwZEHs
RRECTA A=V v 7352 ERART. BOENT:
S WD 545 % X 9a 12R$ . K&, Mgl 7z

e [T

I Fovme
el g [{:1]

B8 7L— hikaBAAIHES <> b LRk
AT TS & 7z HoO O i 2% K #%
D XX (Hasegawa and Nakajima, 2004).
(a) BIMICE T 5 MEWim, (b) 3KiC

Fig.8 Schematic figure of (a) vertical cross-
section of the crust and upper mantle of NE
Japan, showing the inferred transportation
paths of HO and (b) 8D structure of
the crust and upper mantle of NE Japan
showing the upwelling flow with varying
thickness in the mantle wedge (Hasegawa
and Nakajima, 2004) .
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Fig. 9 (a) S-wave velocity perturbations along the inclined low-velocity zone in the mantle wedge of NE Japan
and (b) topography of NE Japan (Hasegawa and Nakajima, 2004). White and red circles show deep low-
frequency microearthquakes and Quaternary volcanoes, respectively. Low-frequency microearthquakes were
located by the Japan Meteorological Agency and Okada and Hasegawa (2000). Thick lines denote active

faults (Active Fault Research Group, 1991).
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Fig. 10 Comparison between crustal structure by an explosion seismic experiment (Iwasaki et al., 2001) and
S-wave velocity distribution by a seismic tomography study (Nakajima et al., 2001a) in central Tohoku.
P-wave velocity and velocity discontinuities estimated by the seismic experiment are shown by numerals
and solid lines on the across-arc vertical cross-section along a line shown in the inset map. Blue line denotes
the Moho. S-wave velocity perturbations are shown by color scale at the bottom. White circles denote

earthquakes.
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Fig. 11 Seismic velocity structure of the crust in a volcanic area (Nii et al., 2007). S-wave velocity perturbations
are shown on (a) a plane at 31 km depth and on EW vertical cross-sections along lines (b) A and (c)
B by color scale at the bottom. Vp/Vs are shown on (d) a plane at 31 km depth and on EW vertical cross-
sections along lines (e) A and (f) B by color scale at the bottom. Red triangle and circles show active

volcanoes and earthquakes, respectively.
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