Intraslab earthquake

At depths of intraslab EQs, confining pressure becomes huge and
materials will not fracture in a brittle manner under differential
stresses (Paterson, 1978).

— Special weakening mechanism is required for generation of
intraslab EQs.

— One important hypothesis: Dehydration embrittiement

— 1) Intraslab EQs occur at locations where subducting
slab passes through phase boundary accompanied
by dehydration reaction (or dehydration loci)

2) Low-V oceanic crust persists down to depth of the
phase boundary
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Dehydration loci of crust & mantle

NE Japan

(Yamasaki & Seno, JGR 2003)

E Aleutians

# Dehydration loci of metamorphosed crust, shown by green lines, and of serpentinized mantle, shown by red
lines estimated by Yamasaki & Seno seem to coincide with locations of intermediate-depth seismicity.
— support dehydration embrittlement, and explain why double seismic zone is formed



EQs in slab crust — upper-plane seismic belt

EQs in slab crust: Upper-plane seismic belt Across-arc vertical cross section of Vs
at a depth of ~80km

BREE

(Tsuji et al., GRL 2008)
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Low-V layer in the slab crust persists to a depth of upper-plane seismic belt
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J:Etm@ﬁ Suggest phase transformation takes place at a depth of the upper-plane seismic
= belt



Upper-plane seismic belt corresponds to dehydration loci?

@Phase diagram of MORB & P-T path of subducted oceanic crust
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A7 WRRDSEEE R hERAT T i :
PHS@EE‘:*é*ﬂ Ei*ga)En (Nakajima et al., GRL 2009)

S-wave velocity in slab crust ~ Seismicity in slab crust

*Low-Vs persists
down to the depth
of upper-plane
seismic belt( ~ 80
km)

* In Kanto, where
overlying PHS slab

inhibits heating by upper-plane
mantle wedge and « seismic belt
suppress

temperature rise in
PAC slab crust, Vs
in PAC slab crust
remains low to
greater depth,
seismic belt being
distributed along

down-dip limit of
this low-V crust. slab
contact

*Support

dehydration zone
embrittlement

model

*Overpressurred fluids cause intermediate-depth intraslab EQs 26
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4. Transportation of aqueous fluids from slab to arc crust and
formation of volcanic front
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Down flow: Hydrated mantle material on top of slab

@Seismic image by receiver function analysis @ Seismic image by DD tomography

- Clearly image a temporary layer
with hydrated mantle material on

top of subducting slab as a low-V
layer

(Kawakatsu & Watada, 2007 Science) (Tsuji et al., 2008 GRL) 29



Upwelling flow: Inclined low-Vs zones in mantle wedge - NE
Japan

(Nakajima et al., JGR 2001)
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Shape of melt-filled pores & Inferred transportation paths of H20 and melt

volume fraction of melt beneath the NE Japan arc:

Schematic figure showing mantle wedge upwelling flow

- Aspect ratio and volume fraction of melt Vertical cross section

estimated from observed values of dlnVs/
dInVp according to Takei(JGR 2002).

(Nakajima et al.,EPSL 2005)

Bird’s eye view
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Upwelling flow reaches the Moho right beneath
the volcanic front

— Formation of volcanic front

(Hasegawa and Nakajima,
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U pwel I I ng ﬂOW inclined low-Vp zones in mantle wedge - NE Japan
= ithih R % R v/= tomography: Across-arc vertical cross sections of dVp

Yanada et al. (2010)
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U pwel I I ng ﬂOW inclined low-Vp zones in mantle wedge - NE Japan
= ithih R % R v/= tomography: Across-arc vertical cross sections of dVp

Depth (km)

Depth (km)

Depth (km)

Yanada et al. (2010)

PR IR

ELN dVp(%) 3R

W Japan

-PE~WMET. LRREHESNIFDHD
EEEEHTFE

EREAEFHEICSDONDIEM
— RIW7a bR
(RILAXEEGFTLE<BFRIELET)



5. Bl NDERLE
NEMEORE

5. Deformation of arc crust and shallow
inland earthquakes



Strain rate & shallow EQs - concentrated
©Upwelling flow deformation and seismicity along Backbone Range
in mantle
wedge

(Nakajima et al.,
JGR 2001)

Moho

Large contraction area running along VF or BR

Shallow earthquakes are concentrated in the large contraction areas.

- Suggests that the upwelling flow in the mantle wedge causes not only
shallow volcanism but also the weakening of the crust, which results in
locally large contraction deformation of the crust and concentrated shallow (Sato et al., 2003)
seismicity.



Crustal deformation & shallow EQ generation in NE Japan

@ Vertical cross section

e|n the BR, lower crust is locally
weakened by fluids transported by
the upwelling flow.

eResults in local contraction
deformation of lower crust there
eEventually leads to the rupture of
the upper crust immediately
above along the preexisting faults,
which have been locally weakened
by overpressured fluids.

—> Suggests Inland crustal EQs also
caused by overpressured fluids

EAN-4 (2011) 37



Observations suggesting existence of fluids: Low-V zones
below fault planes of recent large inland EQs

Across-fault
vertical cross
section of dVs

1962 M6.5 N Miyagi
2003 M6.4 N Miyagi
2004 M6.8 Chuetsu
2007 M6.8 Chuetsu-oki
2007 M6.7 Noto-Hanto

Along-fault
vertical cross-
section of dVs

1995 M7.2 Kobe
2000 M7.2 W Tottori

2008 M7.2 lwate-Miyagi

) Nakajima and Hasegawa (2003)
) Okada et al.(2008)

) Nakajima and Hasegawa (2008)
) Zhao et al. (1996)

star: main shock

circle: aftershock
g) Okada et al.(2008)

# Prominent low-V zones located right below fault planes for all shallow large Egs that have occurred
recently in inland areas of Japan, suggesting existence of fluids there. Fluids are perhaps originated from
slab-derived fluids which has been transported from slab to arc crust via mantle wedge. 38



Observations suggesting existence of fluids:
Low-resistivity zones below fault planes

@ Across-arc resistivity structure in New
Zealand :Marlborough

Low resistivity areas right below the
faults

(Wannamaker et al., Nature 2009)



Observations suggesting existence of fluids: Low-V zones along faults

@Infiltration of over-pressured fluids
Across—-fault vertical cross sections of dVp (2004 M Niigata EQ)

(Okada et al. EPSL2006) (Sibson, EPSL 2007)

Observations suggesting existence of fluids: high angle thrust faults
@®recent large inland EQs: All EQs have high angle fault planes

«Slip along high angle fault
—  weak fault strength
—  high pore pressure
(pore pressure ratio A> 0.8)

(Sibson, Tectonophysics 2009)



Stress field in NE Japan: Correlation between topography & stress field type

Red: o,
Blue: o,
Arc and back-arc area
Correlation
< coefficient
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@stress field
& topography

@5Stress field type
expressed by A

A = (n+0.5)+(-1)"(R-0.5) where R = (0,-05)/(04-03), N=0,1, 2
Simpson (1997 JGR)

# Margin normal compression in wide areas
# Fore-arc: NS compression at Kitakami range, normal fault stress regime

at Abukuma range

# Arc & back-arc: margin normal compression with strike-slip stress field
at mountain ranges

— Suggest gravity effect

Stress field type vs altitude
# Stress field type correlates with altitude: CC =-0.64
# Gravity effect is reflected in stress field

= suggest small stress magnitude
(deviatoric stress: ~10 MPa pore pressure ratio: A = ~0.94)

Yoshida et al. (2013)
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Crustal deformation & shallow EQ generation in NE Japan

@ Vertical cross section

AN -4 (2011)

@Temporal evolution of stress
vs strength

~100 MPa
at most

B ~+#Hmpa

~(#1/10) MPa

Fault valve model
(Sibson , 1990 JGR)

*EQ occurs along the fault whose
strength has decreased sufficiently
due to overpressurred fluids

42



Summary

*EQs in subduction zones, i.e., interplate, intermediate-depth
intraslab and inland crustal EQs, occur under overpressurred
conditions, which is provided by slab-derived aqueous fluids

*EQs occur along the fault whose strength has decreased
sufficiently by overpressured fluids

*Fault strength is roughly about several to ~10 or few tens
MPa, and pore pressure ratio along the fault is more that 90%,

except intermediate-depth intraslab EQs



