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• Thermal contrast between forearc
and arc-backarc

• MDD – Maximum Depth of 
Decoupling between slab and 
mantle wedge, ∼70–80 km

• Age-controlled thermal state of the 
subducting plate

Fundamental to 
subduction zone dynamics:
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Dehydration of the subducting slab

Phase diagram from Hacker et al. (2004) Reactions from Schmidt and Poli (1998)
Wet solidus: (1) Schmidt and Poli (1998), (2) 

Grove et al. (2003)

Crust (wet basalt) Mantle

wt% bound H2O
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Blue: 
Basaltic crust Purple:

Serpentine stability

N Cascadia NE Japan

End-member young- and old-slab subduction zones 
(Wada and Wang, 2009 G3; also Peacock, van Keken, Hacker, Syracuse, …)

Less fluid in slab; shallow dehydration More fluid in slab; deep dehydration
Hydrated mantle wedge corner Less hydrated mantle wedge corner
Shallow seismogenic limit Deep seismogenic limit
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Lay et al. 
(2012 JGR)

Principal Slip 
Zone (PSZ)

A few mm – cm 
thick

A simple model for a crust fault A model for subduction megathrust
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A (Agard et al., 2018 Lithos)

Geologists’ view 
of the megathrust

Rowe et al. 
(2013, 

Geology)



UNCLASSIFIED - NON CLASSIFIÉ

St
re

ng
th

frictional
semi-

frictional viscous

t = µ¢sn

P-sensitive 
cataclasis

T-sensitive 
creepRheology of the megathrust

Frictional segment (main role):
𝜏 = 𝜇 𝜎! − 𝑃" = 𝜇 (𝜎!

= 𝜇 1 − ⁄𝑃" 𝜎! 𝜎! = 𝜇′𝜎!

• (𝜎! is the effective normal stress
• 𝜇# = 𝜇 1 − 𝜆 is the effective coefficient 

of friction, with 𝜆 = ⁄𝑃" 𝜎! ≈ ⁄𝑃" 𝜌𝑔𝑧.
• Strength vs. stress.

Viscous segment (supporting role):
• Thermally activated viscous creep
• Often assume quartz-rich material

Flow law of quartz-
rich material, but …
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More on frictional strength 𝜏 = 𝜇′𝜎! = 𝜇 (𝜎!
What does 𝜇 do in earthquakes? 

What is the strength of a stick-slip fault?
It is the apparent strength 𝜏$ that we study, 
not the actual strength 𝜏%.
For a creeping fault, 𝜏$ = 𝜏%

Decrease (−∆𝜇), e.g., velocity-weakening or 
dynamic weakening. But increase as well (+∆𝜇).
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More on frictional strength 𝜏 = 𝜇′𝜎! = 𝜇 (𝜎!
What does 𝜇 do in earthquakes? 

What is the strength of a stick-slip fault?
It is the apparent strength 𝜏$ that we study, 
not the actual strength 𝜏%.
For a creeping fault, 𝜏$ = 𝜏%
How weak is weak?
The reference value of 𝜇# = 𝜇 1 − 𝜆 ≈ 0.4, 
based on Byerlee’s law (𝜇 ≈ 0.7) with 
hydrostatic fluid pressure (𝜆 ≈ 0.4). 

Decrease (−∆𝜇), e.g., velocity-weakening or 
dynamic weakening. But increase as well (+∆𝜇).

Why weak? 
Either 𝜇 is low or 𝜆 is high.
Rupture dynamics is far from adequate. 
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Forearc force balance
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Absolute stress 
along fault?

How is the plate 
stressed?

t = µ¢sn

Trench

• Gravity causes extensional stress

• Megathrust stress causes compression

sV < sH
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Dielforder et al. (2020 Nature) 
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Wang and Suyehiro (1999 GRL)

Deviatoric stress (red is compressive)

2011 M=9
Tohoku earthquake
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Average slip of 43 published rupture models

horizontal vertical

Wang et al. (2018, Geosphere)
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Stress induced in the shallow crust

Blue: Normal
Red: Reverse
Green: Strike-slip
Gray: other
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Stress drop along megathrust

Blue: Normal
Red: Reverse
Green: Strike-slip
Gray: other
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red – compression; blue – tension
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red – compression; blue – tension

sx

sz

Wang et al. (2018 JGR)

compression

tension


