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The Subducting Oceanic Plate

Aseismic
stable sliding

Bending o
faulting

ismogenic Conditionally

stable Volcanic

Aseismic
/ ::}a::nuplad a":__

Serpentinized

Modified from
Oleskevich et al., 1999
and Gerya et al, 2006

The subducting
oceanic plate
delivers water into
the subduction
zone

Sediments and
topography at the
top of the plate are
also thought to
influence shallow
and deep portions
of the megathrust

Mark Reagan talk: characterization of incoming plate from drill cores



Much of the deformation and hydration
occur at the outer rise during plate

Bending faulting in the downgoing plate imaged in bathymetry
and seismic reflection data offshore Costa Rica

Bathymetry data show changes along-strike in the amount of
bending faulting



Depth (km)

P
o

o
]

o
(=]

900

.....
i L.

950

Magai Billen talk

Outer Rise Normal Faulting

1000 1050 1100
Horizontal Position (km)

1150

1200

Log,,Viscosity (Pa s)



Reduced velocities In the upper mantie at
the outer rise: serpentinization and/or

'Fﬁ 11 I'I'; mam ?
Distance [km] B

0 10 20 30 40 50 G0 70 80 0590 100 110 120 130
n..- -

F- 5
1

Depth [km]
[=:]

N
O
-
[
i

" lvandic et al., 2008

€00Z JallINguosie

="y
o

_— ——
1.01.5 25 4.0 5.5 7.0 8.5
v [km/s]

Increased porosity due to brittle
deformation

Anisotropy

Serpentinization



Nalif, Key, Constable and Evans
Controlled-source electromagnetic survey
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Upper Mantle
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Doug Wiens talk
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Potential Importance of Incoming Plate Faulting

Mumber of Earthquakes
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Incoming plate normal faulting earthquakes are numerous in all subduction zones
They are concentrated in the upper 10 km of the subducting mantle

Doug Wiens talk Emry & Wiens [2015]



Bending faulting and pre-existing structures -

Alagikre favorably oriented
pre-existing structures,
more faulting
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The Shallow Forearc

Dynamic regions of fluids, fluid flow, and overpressure
Can host shallow slip and cause tsunami
Impacted by sediments and structures on the subducting

plate

b Hydrologic, metamorphic, and earthquake processes { Branniaggasas; | Flowfocusing along sands:
i Chemically distinct fiuids

Pore pressure translation
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Seeps and Ocean crust
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Casey Moore talk
also: Shuichi Kodaira talk W
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Tohoku-oki Earthquake-related Deformation (Kodiara et al., 2012, Nakamura et
al., 2013, Chester et al., 2013)

e Deformation of graben fill e Plate Boundary Fault dives beneath graben fill,

and tends to emerge near trencg axis e Overall ¥ 50 m of displacement

Casey Moore talk
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Accretionary Margin

Frontally accreted Landward dipping Forearc basin

trench sediments

Erosive Margin

thrusts

Forearc basin
Normal faults

Eroded material
from upper
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Sediment subduction and elevated pore-

fluid pressures along the decollement -
Nankal
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Lab Data to Define Constitutive Behavior

Drillcore samples of subduction “inputs”
Varied stress paths, including failure at critical state
P- and S-wavespeed measurements (ultrasonic)
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Nankai Margin Low Frequency EQ occur within quantitatively
identified region of overpressure
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Shallow slip In the forearc

Accretionary Wﬂdéﬂ fino Pl
verriding Plate

Seamounts
—

Conditionally stable nterplate megathrust fault

Underthrusting plate Bilek & Lay, 2002
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How silica enrichment controls slow earthquake
behavior in northern Cascadia

Lower T and Si0,, _ :
ﬁ'f* alower k redu mini}'u K, Ty A Highar T and E_IE}E..
larger slow slip faster k reduction,

smallar slow slip

IN NN NN

, >
Time i | Time "

s A— ' Alfp—- ]

.. 1= 14 months ' | t=2months -~
b " ; |I N -
Ccean T~ & \ ETS zone | Basin Arc and backare
= 1
""'.‘ I #
Deformation front %% L . o
l Accretionary prism L Accreted loreare terranes ! Arc volcano
*® | e ' ' 4

Episodic fluid flow
after megathrust

earthquakes Overpressured
low-velocity zone

iE 100 km Serpentinized
| | | | forearc mantle

Audet and Burgmanﬁ, 2014




Connection with field observations in the metamorphic rock
record: Dent Blanche Thrust, Western Alps
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Connection with field observations in the
metamorphic rock record: Mugi melange
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Hydrogeology of an erosional

Ranero et al., 2008
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