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Understanding the interplay of earthquakes and off-
fault damage is crucial for understanding earthquake 
processes and linking surface observations to 
deformations at depth. Numerical earthquake 
models still face significant challenges in capturing 
the fundamental mechanics of faulting and rupture. 

We leverage a three-dimensional nonlocal 
continuum damage–breakage model (CDBM) [2] 
with depth-dependent stress conditions and/or 
seismic properties distribution, quantify differences 
in rupture dynamics, off-fault damage, energy 
partitioning and high-frequency seismic radiation.
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• The code verify against TPV26 [2] and able to 
capture complex depth-dependent properties in a 
fully 3D setting, revealing key features on rupture 
dynamics and off-fault damage.

• Depth dependence: Stress states and seismic 
properties significantly influence rupture evolution 
and damage generation.

• Case A & B: Discrete off-fault damage bands form, 
consistent with earlier 2D plane-strain results [5], 
recent 3D studies [4] and 2D in plane analyses [1].

• Case B: On-fault particle velocities show a plateau in 
damage–breakage evolution, slightly reducing 
rupture speed as energy is contributed to generate 
damage and breakage [1]

• Case B: Off-fault receivers near the free surface 
record enhanced high-frequency content (1–10 Hz), 
consistent with [4].

• Case C: Near-surface off-fault damage develops a 
funnel-shaped zone, in agreement with field 
observations [6] and recent work [1].
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5. Future Work
• Investigate the effects on hydro-mechanical 

coupling, temperature variation, dilatancy on rupture 
dynamics and damage generation

• Relate the damage generation, high frequency data 
to field observations, provide guidance on detecting 
and capturing the depth-variation of damage zone 
structure
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