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events (Fig. 1). At the initiation of one such SC event, we export the self-consist-
ent fault and surface geometry, fault stress and strength (Fig. 3), and heteroge-
neous material properties to a dynamic rupture (DR) model (Fig. 2).

Splay faults are faults that branch off the megathrust in accretionary wedges of subduc-
tion zones. They could potentially accommodate large vertical displacements, due to 
their steep angles compared to the relatively shallow dipping megathrust (Fukao, 
1979). Therefore, studying splay fault activation and its effect on seafloor displace-
ments is crucial for understanding the tsunamigenic potential of subduction zones. 
Here, we present a coupled model that gives insight on splay geometries, dynamic 
earthquake ruptures, and their effect on seafloor displacements. 

Figure 2: Complete and zoomed model setup of the dynamic rupture model with P-wave velocity vp, boundary 
conditions (red) and megathrust and splay fault geometry obtained from the SC model (red lines). 

We use the coupled framework of Van Zelst et al., (2019) that re-
solves subduction dynamics over millions of years and earthquake 
dynamics down to fractions of a second. Using a two-dimensional 
geodynamic seismic cycle (SC) method, we model 4 million years 
of subduction followed by cycles of spontaneous megathrust 

Figure 3: Failure analysis of the SC and DR model on the fault. Second invariant of the deviatoric stress tensor and 
strength for the SC model (bold lines); and initial shear stress and fault yield strength for the DR model (thin lines) 
in the fault coordinate system. Frictional regimes dependent on temperature are indicated with corresponding iso-
therms (solid black lines). Background colours represent the material through which the fault is going.

Figure 1: Complete (a) and zoomed (b) model setup of the geodynamic seismic cycle model with lithology (in 
colour, see key), isotherms (red), and boundary conditions (white).

Using optimally orientated splay fault geometries from the 
SC model, we show that multiple splay faults could rup-
ture simultaneously during an earthquake. Splay faults 
can be activated by the main rupture front, or stress 
changes resulting from dynamic stress transfer after the 
main rupture front passed and reflected waves from the 
surface and lithological constrasts. Rupture on multiple 
splay faults results in distinct peaks in the vertical surface 
displacements with smaller wavelength and larger ampli-
tude compared to a pure megathrust rupture. 

Splay fault rupture results in distinct peaks in the vertical surface displacements with a 
smaller wavelength and larger amplitudes compared to the surface displacements of 
the purely megathrust rupture. The horizontal surface displacements are decreased in 
the case of splay fault rupture.

Figure 6: (a,b) Temporal evolution of the vertical surface displacements in (a) the model without splay faults and (b) the model including all six splay fault ge-
ometries. The final vertical (c) and horizontal (d) surface displacements of the two models are compared in (c,d). The x-coordinates of the shallow splay fault 
tips near the surface are indicated.

All six splay faults are activated when the megathrust ruptures. Splay fault 6 ruptures immediately when the main rup-
ture front passes the branching point. The other splay faults are activated through dynamic stress transfer from the 
main megathrust rupture or reflected waves from the surface.

Figure 5: Slip rate evolution with time along the megathrust fault for the model without splay faults (top left); and for the model including the six splay fault geometries (top right). The splay fault branching 
points on the megathrust are indicated by black lines. The bottom row depicts the slip rate evolution on each of the six splay faults for the model including the splay faults. The P- and S-wave velocities 
vp and vs for both the basalt (bas) and sediment (sed) are indicated in red.

The SC model provides six 
blind splay fault geometries 
based on the accumulated 
visco-plastic strain. 
For each nodal x-coordi-
nate, we pick the z-coordi-
nate with the highest strain 
in the accretionary wedge. 
We manually reposition any 
outliers in the picked fault 
locations to align with the 
observed strain localisation. 
Then, we smooth the fault 
geometry with a moving av-
erage low-pass filter 
scheme with a span of 25. 

Figure 4: (a) Accumulated visco-plastic strain in the SC model with (b) a zoom of the accretionary wedge. (c) Final 
accumulated slip (= accumulated visco-plastic strain * 2 * grid size) in the accretionary wedge after the slip event 
with the same domain dimensions as in (b). Picked splay fault geometries are indicated in red and numbered for 
easy reference.
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