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= The study of past earthquakes is important for seismic hazard assessment. We build a Cascadia subduction earthquake model based on realistic subducting and overriding plate geometry. This enables us to
S0°N Here, we focus on the Cascadia subduction zone where the last great capture background signals from the complex subduction geometry (Figures 5 and 6). To model the earthquake cycle, we define
megathrust earthquake occurred in the year AD 1700. We address the dynamic boundary conditions on the shallow part (<=80 km) of the slab and place mechanically locked patches on the megathrust. We
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Figure 1. (a) Tectonic settings in the Cascadia subduction zone where the Juan de Fuca plate subducts underneath the North American plate. South of the subduction zone sits the Figure 2. Visualization of the 3D finite-element earthquake cycle model for the Cascadia subduction zone. (a) 3D exploded view on the model components:

Mendocino Triple Junction (MTJ). Grey contour lines show the depth of the subduction slab. Palaeoseismic sites from Kemp et al. (2018) are shown as green dots. Inset map cs)r\:zgr;dzlr;gr;]eplaartee,his uh?idlrj]?gggor? Iﬁg,szzlguzﬁrs]e, T;tz'sgghazhhﬁgffbp2(:?@3: r?es;cgeannodsr;r;ter:g:n:/)vsedhgeer.iCch\)lgléecel nghgi,er?teslse:?g %iesnc;gezlggt?c,: \?V?Ehwae Ill\ﬂzliv:[/gﬁ
highlights the Cascadia subduction zone with respect to the Americas. (b) Locked patches (blue) of the earthquake cycle model are compared with interplate seismicity (Morton et al., gniis J plate. P P J P

2023). modelled coseismic slip (5 m) for the AD 1700 Cascadia earthquake (Wang et al., 2013), and 50% coupling ratio from Li et al (2018). rheology while the other components are e_Iastlc_. Coast_llne IS highlighted _V\_/lth dark green dots on the overriding plate. (b) 2D cross section view on the
plane that parallel to the convergence direction with applied boundary conditions (BCs).

Modelling Earthquake Cycles Results for Interseismic Horizontal Velocity and the AD 1700 Coseismic (and Postseismic) Vertical Displacement

> The interseismic results nicely capture the horizontal velocity gradient from the » Releasing asperities coseismically leads to the rebound of the overriding plate, which causes uplift in the offshore
Coseismic Trench e Interseismic o observed subduction-coupled GPS horizontal velocities. overriding plate and subsidence in the onshore part (Figures 3a and 6a). The combined effect of coseismic slip and
i cubidence o » The interseismic velocity misfits in the southern Cascadia is a result of a afterslip leads to less subsidence at the coastal sites (Figures 6b and 6c¢).
T T L-4-4 — uniform convergence rate (35 mm/year) in our model, which is larger than the » We show the contribution of different amounts of afterslip (Figure 6¢) because the limited resolution of the palaeoseismic
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— Ot e —— actual rate in the southern model domain. record prevents us from constraining its temporal evolution.
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Figure 5. Comparison of modeled interseismic velocities (blue) and subduction-coupled horizontal Figure 6. Simulated surface deformation resulting from the AD 1700 Cascadia earthquake for (a) Coseismic phase and (b) coseismic
Instantaneous omether for 500 GPS velocities (red). Modeled velocity field is output 320 years after the earthquake. In this model, phase with 50% of primary afterslip. (c) Comparison between estimated coastal subsidence (green dots) from Kemp et al. (2018). Error
ogether for oUU years continental and sub-slab asthenosphere viscosity is set to 5x10'% and 1x10%° Pa-s, respectively. bars illustrate 2-sigma uncertainties. Black squares denote modelled coseismic subsidence, and grey color bars show the portion of
Figure 4. The earthquake cycle set up in our model. afterslip adding to the coseismic results.
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