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Along-term “steady-state” view: mechanical loading and limited drainage cause fluid overpressure

Omax
ot e A
Diffuse flow - @ <
+
oA
n B g\ ? cmax

Underplated mélange

L Flow focusing"

discre
Sharp H}/E—: along - '
sandstorlt_a_# —— _
—— - - ’//;- Pore space
——etault B —> Higher P;
Y arp-0isc’ ) rd o p— T
-sh elange Oceanic crust

Rowe et al. (2013) Saffer & Tobin (2011)

Shear stress to shear strength alq,
ratio (a/q,)

Ps— Phydro

Fluid overpressure ratio —_—
Piitho— Phydro

N
0 05 1
Trench

40 30 20 10 0 -10 -20 40 30 20 10 0 -10 -20
Distance from trench (km) Distance from trench (km)

A->C
Sediment accretion

B->D
Sediment subduction

Sun et al. (2020),
Saffer and Tobin (2011)

 Shear-enhanced compaction/fluid pressurization
plays a keyrole (Nikolinakou et al., 2023)



The dynamic Coulomb wedge
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The broad range of permeability and fluid drainage timescales
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Watt and Brothers (2020)
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Approximate depth (km)

In-situ observations of fluid pressure increase in the outer wedge during shallow megathrust slip
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Possible scenarios for central Cascadia

Over geologic times:

- Consolidation state ofthe outer wedge is furtherenhanced.
- consistent with seismic observations (e.g., Han et al., 2017)

The strong and over-consolidated outer-wedge facilitates inter-seismic
strain accumulation (locking)and stick-slip fault behaviour.



Coseismic pressurization (rapid fluid pressure increase)
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Coseismic pressurization (rapid fluid pressure increase)
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Coseismic pressurization (rapid fluid pressure increase)
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outer wedge
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What about fluid pressure?

* Atcentral Cascadia, fluid pressure in the outer wedge is

not high at all time.

* Exceedinglyhigh fluid pressure can be reached at the

times oflarge earthquakes, followed by rapid
dewatering and pressure decrease.

e The seismicallyobserved over-consolidated outer
wedge reflects a cumulative effect ofefficient
dewateringover many carthquake cycles, plus the

“background” fast dewatering due to the abundance of

coarse-grain material.

* Fault dramage plays a keyrole, and fault-zone
permeabilitymust be subjected to large temporal
variations (hydraulic fracturing, fault healing, etc.).
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