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Dehydrated fluid and seismic deformation in deep subduction zone
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Dehydrated fluid in deep subduction zone causes various geological phenomena such as
earthquake, and arc volcanism. It has been considered that there is a correlation between the
double seismic zone and metamorphic dehydration reaction in deep slab. The location of the up-
per limits of the upper seismic plane correspond to metamorphic facies boundary where H.O
contents change in subducting crust; numerous earthquakes from 60 to 110 km depths in the
lawsonite-blueschist facies, many earthquakes in the lower crust of the slab from 110 to 150 km
depths in the lawsonite-amphibole eclogite facies and few earthquakes in the lawsonite eclogite
facies. Recent petrological researches have revealed that both blue schist and lawsonite eclogite
are stable in the same pressure and temperature condition because chemical variation including
water content creates both lawsonite-amphibole eclogite and lawsonite eclogite in different por-
tion of subducted crust. Partial melting would occurred in eclogite in deep subduction zone if
warm slab is subducted. In descending slab, the eclogite would reach wet solidus defined as
phengite-, through zoisite-, and amphibole-decomposition reactions with increasing tempera-
tures. The lower plane of the double seismic zone, is considered to be related to dehydration re-
action in the slab. Metamorphic olivine has been described in vein from serpentinite mylonite.
The vein was created by dehydration reaction to decompose antigorite under shear deformation.
In the cold slab beneath Tohoku arc, the reaction has a negative slope in P-T space and forms
olivine + orthopyroxene + fluid. In the warm slab beneath SW Japan, the reaction has a positive
slope in P-T space and forms olivine + talc + fluid. The above these dehydration reactions are
well-described in the serpentinite from high P/T metamorphic belt from Spain, and Italy, re-
spectively.

Key words: Subduction zone, Slab melting, Eclogite, Dehydrated fluid, Earthquake faulting,
Antigorite decomposition, Metamorphic olivine
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Fig.1 Cross-arc vertical cross-section of intraslab earthquakes in central Tohoku, modi-
fied after Hasegawa et al. (2010) & Kita et al., 2006). Circles with numerals show
hypocenters. The heavy black solid line and dashed black line show the plate in-
terface estimated by Zhao et al. (1997). Triangles show volcanoes. Metamorphic
facies (see Fig. 2) are shown as Blueschist, Law Am Ec (Lawsonite-Amphibole ec-
logite), and Law Ec (Lawsonite eclogite), respectively. Notice that Lawsonite eclo-
gite facies is replaced from Eclogite facies (defined by Hacker et al., 2003) shown
in the original figure in Kita et al. (2006).



b A IABIGTREBTIHAET B
WEO ORI, Atz NI oM L
Tw5b, Fig. IQZQLOV‘VC, LM iE70~120 km O % 2
TROOLNL, 2O LMD FRIZ, Hacker et al
(2003) 12X BOF Wi T —Y Y aEdrE (i
ILLCHEBRE EARTIRIES) —u—y Y AANA
Ir7uy v A POEFEMHOBRTXY SN TS,
CTOEFME L, PREHEZRE Mid Ocean
ridge basalat: MORB) + H.O ®ORIZEWT, H 5
JEE I 4k O #iPH THE B SEMHL A G b OB O 2

-
—

KA & Hh B A 207
L THb, Fig. 1TIE, &SIk ATHEEET R

BICEPLTwaiEIX, e—Y rAafAlNAT O
Vx4 b-u—vrarzrsud v {4 FOEEMHERT
X 5N Twb, Kitaet al. (2006) Tix, Hacker et
al. (2003) #5IHL T, v—v Az ruay x4 b
MTIE%RL, ko) rad x4 PSS S
TWwb, ZRMOBEFRIZA P WIREE D AT 5H
T, BRSO BIK IR HEST LHEZ T X522
9, & Kita et al. (2006) 3% 272, £oT, [H#%

6- ' I'
P -180
/
5 _ el -160
Lawsonite Ec ¥y,
s "/ $ -140
© 4 3 S oyE
o Lawsonite- g " s PyEC 120 =)
S_D, Amphibole Ec 0@“@\\ fSCP Coesite —
q_ egw—mO =
GL) / 5 ZO EC O(// .a
2 £~ @) - Eanbal] T, [80
N 2 o « 0
e AmEcfZ 8 ES L 60
(Al = k= \
23286
N LQuatZ g_r\?g slab melting 40
e Q.
1 n 3 dep\\‘()\\e Wet solidus J
PA UGS GR 20
0+ I 0
0 100 200 300 400 500 600 700 800 900 1000

Temperature (°C)

Fig.2 P-T trajectory of subducting crust be

neath NE Japan and SW Japan on the

phase diagram of the MORB + H;O system. Modified from Peacock and Wang
(1999), Okamoto and Maruyama (1999), and Poli and Schmidt (2002). P, T con-
dition of the Sanbagawa, quartz-bearing eclogite is from Miyamoto et al. (2007).

Ec: eclogite facies, BS: blue schist faci
dote amphibolite facies, AM: amphibol

es, Zo: zoisite, Am: amphibolite, EA: epi-
ite facies, GR: granulite facies, GS: green

schist facies, PA: pumpellyite-actinolite facies. SCP: second-critical-end point
from Mibe et al. (2011). Zoisite and amphibole melting reactions are from Viel-

zeuf and Schmidt (2001). Zoisite melti

ing reaction is shown as Zo+ Ms + Qtz=

Ky + Melt. Zoisite and amphibole melting reaction is shown as Zo+Amp + Qtz
= Grt + Melt. Zo: zoisite, Ms; muscovite, Qtz; quartz, Ky: kyanite, Amp; amphi-

bole, and Grt: garnet.
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Fig.3 Cross-section showing seismicity beneath southwest Japan (modified af-
ter Hirose et al., 2008; Katayama et al., 2010). Black and red circles indi-
cate earthquakes and low-frequency tremors, respectively. Open triangle
indicates the downdip limit of interplate earthquake. Black dashed lines
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boundary and hypothesized bottom of oceanic crust, respectively. . Open
triangle denotes the Median Tectonic Line. Orange areas indicate Vp/Vs

higher than 1.80.
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Fig.4 Antigorite breakdown reactions in the MSH system. Modified after Bromiley and Pawley
(2003). Dashed lines indicate antigorite breakdown reactions in the CMSH system,
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Fig. 5 Schematic cross-sections beneath northeast and southwest Japan (modi-
fied after Katayama et al., 2010). The eclogite transformation occurs at a
depths of 90 km in northeast Japan, and water released reacts with peri-
dotite to form serpentine in the mantle wedge. Dehydration of serpentine
occurs at a depths of 150 km, and expelled aqueous fluids are brought up
due to buoyancy. In southwest Japan, eclogite transformation occurs at a
depth of 60 km. Consequently, water circulation is limited to a relatively
shallow regions. For the hydrated slab, dehydration reactions occur sub-
parallel to isotherms within the subducting plate.
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