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2011 Tohoku-Oki: Northern Japan Trench Anomaly

Turbidite units were

30 15 1074 0 45 25 102 -15 -50 observed
_ |_ -—I_ Turbidite units were

Tsunami trace height (m) Change in seafloor elevation (m) X ot observed

2011 Tohoku-oki earthquake

Change in
Seafloor elevation (m)

40

Coseismic displacemén't and tsunami height




44° 4

42'

40" -

38" -

36°

S U

weak seismic /
intensity along -~
the Sanriku Coast

1763
. o
& 1856 1677

= . |

1896 1933 2011

A ——
1234567
| Instrumental Seismic Intensity

140° 142° 144° 146°

0O 10 20 30 400 10 20 30 400 10 20 30 40

Tsunami trace height (m)

Historic Large
Tsunamis in the
Japan Trench

Kodaira et al. (2021)



Representative Slip Models of the 2011 Tohoku Earthquake
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1896 Sanriku Tsunami Earthquake
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Persistent Puzzle About Tsunami Earthquakes

|dentified by Hiroo Kanamori in 1972

« Large tsunami
* Depleted high-frequency radiation

* Occur in upper 15 km — a frictionally stable (velocity-
strengthening) or conditionally unstable regime

« Slow rupture velocity and/or long rupture duration

* Low energy-to-moment ratio



A Central Question

Can a common shallow-source process simultaneously
explain:
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2D Models Incorporating Inelastic Wedge Deformation
Off-fault potency density

Og10n
3.17m

Elastic Inelastic

2.74 m

5 -4 -3 -2

M=1.99x 10" Nm

UFISSDERNCER  Earlier 2D dynamic
rupture models
showed that shallow
iInelastic deformation
can simultaneously:
("snails’ shells") e enhance tsunami

M=252x10""Nm

Elastic

Elastic

Inelastic Slip velocity (m/s)

Free surface induced phase

generation efficiency
* dissipate energy

* suppress high-
frequency radiation

80 70 60 50 40 30 20 10 O %60 70 60 50 40 30 20 10 O Ma (2012)
Distance down dip (km) Distance down dip (km) .
Ma and Hirakawa (2013)



Granular Materials Under Shear and Compression Develop
Irreversible Deformation
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Japan Integrated Velocity Structure Model (JIVSM)
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Rupture snapshot (time = 122 s)
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Rupture snapshot (time = 122 s)
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Comparisons
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Relative sea level change (m)
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Moment-Scaled Radiated Energy
Strong shallow yielding substantially reduces radiated energy.
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14

Key Iinterpretation
* Inelastic deformation
acts as a major energy
sink
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Strong shallow yielding produces dissipation-dominated rupture behavior.



Source Physics Controls Observability

Some tsunami-generating earthquakes may be intrinsically difficult to recover.

Shall 5 5
a OYV Reduced HF
Inelastic — . . -
Deformation Radiation
\ /

Shallow source physics controls
tsunami efficiency, radiated energy,
and ultimately observability.
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A key constraint is that Pantoloan tidal station
recorded little uplift or subsidence. Schambach et al. (2021)



Efficient uplift at
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Take-Home Messages

* |nelastic wedge deformation may fundamentally alter
tsunami generation efficiency and energy partitioning.

 The same mechanism suppresses high-frequency radiation
and limits observability.

* |Integrating inelastic deformation into future source
frameworks is an important DET research direction.



Thank you
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