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Fundamental to
subduction zone dynamics:

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
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Dehydration of the subducting slab
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Heat flow
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End-member young- and old-slab subduction zones
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A simple model for a crust fault A model for subduction megathrust
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Plagg mm/yr Geologists’ view
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Rheology of the megathrust

Frictional segment (main role):
T = u(an — Pf) = Uoy,
— ,Lt(l - Pf/o-n)o-n = p'oy

* 0, is the effective normal stress

 u' = u(l—2)is the effective coefficient
of friction, with A = Pr /o, = Pr/pgz.

* Strength vs. stress.

Viscous segment (supporting role):
* Thermally activated viscous creep
* Often assume quartz-rich material
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More on frictional strength t = u'c,, = ua,

What does u do in earthquakes?

Decrease (—Au), e.g., velocity-weakening or
dynamic weakening. But increase as well (+Au).

What is the strength of a stick-slip fault?

It is the apparent strength 7, that we study,
not the actual strength 7,,.

For a creeping fault, 7, = 1,
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More on frictional strength t = u'c,, = ua,

What does u do in earthquakes?

Decrease (—Au), e.g., velocity-weakening or
dynamic weakening. But increase as well (+Au).

What is the strength of a stick-slip fault?

It is the apparent strength 7, that we study,
not the actual strength 7,,.

For a creeping fault, 7, = 1,

How weak is weak?

The reference value of u’ = u(1 — 1) = 0.4,
based on Byerlee’s law (4 = 0.7) with
hydrostatic fluid pressure (1 = 0.4).

Why weak?

Either u is low or A is high.

Rupture dynamics is far from adequate.
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UNCLASSIFIED - NON CLASSIFIE

Dielforder et al.
(2020 Nature)
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Average slip of 43 published rupture models
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Stress induced in the shallow crust

0
—~ 20
£
=< 40
%_ Blue: Normal
8 60 o Red: Reverse -
%’ ® Green: Strike-slip
80 " 1 Gray: other =
I 1 1 |

—_~

km

N

Depth

8ok Hasegawa et al. (2012) _

| |

200 150 100 50 0
Distance to trench (km)




40°N

38°N

36°N

Stress drop along megathrust
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Fault Stress (MPa)
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