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Rupture characteristics vs. geometric factors

Downdip seismogenic width (W) & average dip (θ):
•[Shallower dip, among other conditions] → larger seismogenic width → larger 
available rupture area → larger earthquakes
•±Dip-dependent dynamic processes like enhanced coseismic weakening near 
the free surface for shallower thrust fault dips (e.g., Oglesby et al., 1998)

•Larger W → larger W/h*, ratio of the frictionally locked area to critical nucle-
ation size h*, linked to the critical sti�ness for frictional instability (e.g., Liu & Rice, 2007)

Downdip curvature (Ks):
•Sharper downdip curvature → more heterogeneous fault strength (τc) → 
smaller areas of the fault become critically stressed before some patch nucle-
ates rupture → smaller, more frequent partial ruptures
•As opposed to �atter megathrusts with lower curvature → more homoge-
neous fault strength → larger areas of the fault approach critical stress before 
any patch nucleates → higher tendency for large, full-margin ruptures
•Assumes stress & strength heterogeneity (represented by shear strength gradi-
ent dτc/ds) increases with increasing curvature: dτc/ds ∝ Ks (Bletery et al., 2016)

•Models show that fault curvature & roughness enhance on-fault normal stress 
variability, leading to weaker interseismic coupling (Romanet et al., 2020; Cattania & Segall, 2021)

Proposed mechanisms

•Curved models’ largest ruptures occur more frequently and involve less total 
slip than those in planar models with similar dips and seismogenic widths

•Simple geometric heterogeneity like slab curvature enhances rupture variability 
and introduces a wider array of slow-to-fast slip events
•Dip, seismogenic width, and slab curvature all correlate strongly with modeled 
rupture characteristics, but curved faults host more frequent and more variable 
ruptures with less total slip and slower peak slip rates
•We suggest that the downdip seismogenic width (which scales with avg. slab dip) 
determines the ‘maximum’ rupture a given megathrust can host, but slab curvature 
modulates rupture variability and limits how often this ‘maximum magnitude’ is 
achieved by increasing interseismic strength & stress variability on the fault (e.g., Bletery et 

al., 2016), leading to more frequent smaller partial ruptures

20°

Distance from fault trace (km)-1000 0 3747
1000

0

Ks= 1.0
• Magnitudes of the largest (Mw > 8.5) recorded subduction zone earthquakes 
appear correlated with the downdip seismogenic width, average dip, and average 
downdip  curvature of the megathrust, as shown by Wirth & Sahakian et al. (2022):

• & highlighted by global compilations which have led to di�erent conclusions 
about which geometric factor(s) exert the strongest in�uence on rupture size, e.g.:
   Downdip seismogenic width & dip:                       Downdip curvature:

•Overall, larger earthquakes tend to rupture �atter (lower curvature), more shal-
lowly-dipping megathrusts with wider seismogenic zones 

Untangling slab geometry's in�uences on the megathrust earthquake cycle
James Biemiller1, Lydia Staisch1, Alice Gabriel2,3, Dave May2

Large Subduction Earthquakes & Megathrust Geometry Earthquake Cycle Model Setups

Planar models with dips (θ) ranging from 10 - 50°

Curved models with curvatures (Ks) ranging from 0.5 - 4.0 (x 1000 km-1): z = Ksx
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Muldashev & Sobolev, 2020

Bletery et al., 2016

Parameters & loading conditions:

•Planar models host uniform, large, periodic events that rupture the entire seis-
mogenic zone, which remains strongly locked interseismically
•Curved models host a wider spectrum of slow-to-fast slip events with more 
variable slip behaviors & recurrence (e.g., slow-slip events, bimodal earthquakes) 
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•Planar models exhibit overall stronger correlations between individual 
geometric properties and rupture characteristics than curved models

Vmax > 0.01 m/s       10-8 < Vmax < 0.01 m/s        Vmax < 10-8 m/s

Cumulative slip contours colored by 
instantaneous maximum slip velocity, Vmax

Method & earthquake cycle simulation code: tandem
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•scalable, discontinuous symmetric inte-
rior penalty Galerkin (SIPG) method for 
linear elastic + SEAS simulations on curvi-
linear grids (with high-order elements)
•�exible: 2D/3D, can handle curved faults, 
multiple faults, heterogeneous material 
properties, locally re�ned meshes, op-
tional discrete Green’s functions

(Upho� et al., 2022)https://github.com/TEAR-ERC/tandem

3D RIdgecrest fault
geometry + mesh example

2D SEAS model of low-angle normal fault with
four curved splay faults in its hanging wall


