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Abstract 
Inelastic off-fault deformation can lead to large tsunamigenesis in different tectonic settings. Here a mechanism for tsunami generation by strike-slip earthquakes that involves dynamic 
off-fault failure at restraining bends is presented. Dynamic rupture on a vertical strike-slip fault is modeled with undrained inelastic off-fault response incorporated by the Drucker-Prager yield 
criterion. I show that in a local transpressive stress regime dynamic off-fault failure at restraining bends produces significantly larger and more localized surface uplift than is produced by 
purely elastic dislocation models, resulting in a positive flower and coseismic pop-up structure. The larger uplift is due to frictional sliding with a thrust component on conjugate microfrac-
tures, modeled by inelastic deformation. The short-wavelength inelastic uplift, largely controlled by bend size, is shown to generate localized tsunami efficiently in a shallow bay by fully cou-
pling dynamic rupture, ocean acoustic waves, and tsunami. Fully-coupled models also indicate that supershear rupture on a vertical planar strike-slip fault does not generate large tsunami as 
the large kinetic energy of supershear rupture is carried away by ocean acoustic waves. Dynamic off-fault failure at fault complexities, such as restraining bends and compressional stepovers, 
may need be urgently incorporated in the current tsunami hazard assessments in strike-slip environments.

Conclusions
1. Dynamic off-fault failure produces efficient localized surface uplift at strike-slip restraining bends 
2. The direction of the minimum compressive stress controls the efficiency of inelastic uplift
3. Inelastic uplift at restraining bends generates localized tsunami efficiently in shallow water
4. Supershear rupture on a vertical planar strike-slip fault does not produce large tsunami

Dynamic O�-Fault Failure and Tsunamigenesis at Strike-Slip Restraining Bends: Fully-Coupled 
Models of Dynamic Rupture, Ocean Acoustic Waves, and Tsunami in a Shallow Bay

Snapshots of Sea Surface Height

Figure 5. Snapshots of sea surface height are shown for the four fully-coupled models. Models I and II produce very similar tsunamis despite 
their different rupture speeds. Model IV produces larger and more localized tsunami than model III due to inelastic uplift at the restraining bend.

Time-Space Plots of Sea Surface Height at y = 0

Figure 6. Sea surface height at t = 100 s and space-time evolution for the four models at cross section y = 0 km are illustrated, showing clear 
ocean acoustic waves and tsunamis. Also shown in each model are the vertical seafloor displacement (dashed lines), seafloor uplift by including 
the contribution of horizontal displacement (solid lines), and bathymetry. The horizontal displacement significantly contributes to tsunami gen-
eration due to seafloor slope. The tsunamis due to horizontal seafloor displacement and broad seafloor uplift and subsidence can be clearly seen. 
The tsunami in models I and II are very similar. The large tsunami due to uplift at the restraining bend in models III and IV are clearly seen. 
Model IV produces larger and more localized tsunami than model III.
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Figure 3. The slip distributions and rupture time contours every 1 s are mapped on the fault for the 4 fully-coupled models: (a) model I, (b) model II, (c) 
model III, and (d) model IV. Models I and II have a planar fault, while models III and IV contain the restraining bend. The blue dotted lines in (c) and (d) 
mark the boundaries of the restraining bend. Note the shallowness of the bay. The rupture stays subshear in model I and supershear in model II, and the 
stress drop in these two models are the same. Models I, II, and III consider elastic off-fault response, while model IV incorporates inelastic off-fault 
response. The inelastic off-fault deformation in model IV causes diminishing slip at the restraining bend and contributes significantly to seafloor uplift 
(Figure 4).

Figure 2. The location and geometry of the bay are illustrated: (a) map view, (b) a horizontal cross section at y ≥ -5 km, and (c) 3D view of the bay. The bay 
extends up to y = 50 km; only part of the bay to y = 30 km is shown. The black solid and dashed lines are the surface traces of two fault geometries consid-
ered in the fully-coupled models, with the stars denoting the epicenters.

Figure 4. Permanent seafloor displacements in the fully-coupled models: (a) horizontal displacement along x axis, (b) horizontal displacement along y axis, (c) 
vertical displacement, (d) seafloor uplift taking into account the contribution from the horizontal displacement. Horizontal displacement of seafloor slope leads 
to short-wavelength (~1.2 km wide) seafloor uplift, which is non-negligible in all four models. The seafloor uplift in models I and II are nearly identical. Larger 
and more localized uplift due to inelastic deformation at the restraining bend in model IV is clearly seen.

Figure 1. Initial sea surface elevation obtained from 3 coesismic models of the 2018 Palu Earthquake in modelling of the tsunami in Palu 
Bay: (A) Jamelot et al. (2019), (B) Soquet et al. (2019), and (C) Ulrich et al. (2019). The broad seafloor uplift and subsidence in A and C are 
inconsistent with the tidal record at Pantoloan. The tsunami source in Palu Bay needs to be more localized. From Schambach et al. (2021).
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Fault Geometry and Regional Stress Field

Figure 1. Geometry of a vertical 
left-lateral strike-slip fault with a 
major restraining bend and regional 
stress field. The width of the bend in 
this work is fixed at W = 3.5 km. The 
bend angle at the center shown is θ
=30°. The two blue dots in (a) and 
vertical lines in (b) mark the bend 
boundaries. The bend length is denot-
ed by L. The red dot denotes the hy-
pocenter. (a) Map view, (b) Oblique 
view of fault geometry color coded by 
the initial frictional coefficient used in 
the model. The higher initial frictional 
coefficient within the bend is due to 
more optimal orientations of the bend 
with respect to the maximum com-
pressive stress. The coordinate system 
shown in (b) is used throughout in this 
work. 
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