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Depth (km)

Japan Trench

Mechanism for Tsunami Generation:
Large Shallow Slip

Nearly horizontal displacement
Inefficient to generate tsunami
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Elastic dislocation theory gives

uplift = slip X sin(dip

Shallow fault dip . > large slip
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Bathymetry before and after the earthquake in the
northern Japan trench indicates no large slip near
the trench or submarine landslides.
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Representative Slip Models of the 2011 Tohoku Earthquake
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2D Models Incorporating Inelastic Wedge Deformation
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Inelastic deformation generates tsunami efficiently with diminishing slip

on the fault
Inelastic deformation is a large energy sink that can lead to slow rupture

velocity, deficiency in high-frequency radiation, and low Ma (2012)
energy-to-moment ratio Ma and Hirakawa (2013)



Understanding Inelastic Deformation
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Drucker-Prager Yield Criterion

1 Okk .
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Shear stress Yield stress

The Closeness-to-Failure

L Shear stress
s;;j. deviatoric stress tensor CF =

Cc: cohesion (variable, determined by CF) Yield stress
¢: internal friction angle

Undrained Skempton’s coefficient: B = 0.6
parameters:  Biot's coefficient: 0.5



_ p = 2500 kg/m3
3D Dynamic Vp = 3464 m/s

Rupture Model Vs = 2000m/s
with Wedge Seafloor ~A2=®
Plasticity for a
M,, 8 Earthquake

.......................

Dynamic friction

o

0.55 06 0.65 0.7 0.75
p = 2500 kg/m3

Critical stress solution (Dahlen, 1984) Vp = 6000 m/s
Vs = 3464 m/s

15 km| .+
—

B=10

Ma and Nie (2019)

57.735 km

Element size: 250 m Initial friction: 0.6

The time-weakening friction| Static friction: 0.75
Characteristic weakening time: 0.375 s
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Viupture=1.8 km/s

Final Slip and Seafloor Displacement
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Viupture=1.8 km/s

Final Slip and Seafloor Displacement
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Viupture=1.8 km/s

Final Slip and Seafloor Displacement
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Final Slip and Seafloor Displacement
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Viupture=1.8 km/s

Final Slip and Seafloor Displacement
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Simulation
of the 1896
Sanriku
Tsunami by
Solving the
Nonlinear
Boussinesq
Equation
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Runup Comparison: Models vs. 1896 Sanriku Data
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Remarkable fit without any model tuning
Du et al. (2021)
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. Efficient tsunamigenesis landward from trench with
diminishing near-trench slip on the plate interface, consistent
with the bathymetry observations in the northern Japan Trench

« Depletion in high-frequency seismic radiation

* Impulsive tsunami

« Large runup along the Sanriku coast (largely due to impulsive
tsunami)
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