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This PhD project aims to explore how complex fault

geometry regulates seismic rupture propagation and slip partitioning. To achieve this goal, we will

expand the scope of fault geometric modeling, supplement paleoseismic trench data, and introduce

physics-based numerical simulation methods. The research will proceed through the following key

objectives and steps:
Phase 1: Construct a validated 3D geometric framework of the XJFZ
Synthesize multi-source data (geological maps, LiDAR/UAV-derived DEMs, remote sensing

imagery, and prior field mapping) to develop a high-fidelity 3D fault model. The model will

explicitly characterize geometric critical units: single-strand segments, branching nodes, step-overs

(width, strike, and dip), and diffuse deformation zones. Special attention will be paid to geometric

transitions (e.g., fault bends, branch intersections) identified as potential controls on rupturebehavior, with iterative refinement via preliminary numerical tests (Ulrich et al., 2019; Klinger et al., 2018).
Phase 2: Constrain earthquake recurrence and single-event deformation via paleoseismology
Conduct targeted field surveys at key geometric transition zones to refine fault traces and identify

paleoseismic trenching sites. Excavate trenches across major fault strands to document stratigraphic

evidence of past surface-rupturing earthquakes. Using OSL/14C geochronology and stratigraphic

correlation, reconstruct event timing, single-event displacement, and recurrence intervals. These

data will provide empirical constraints on earthquake-scale slip behavior, bridging long-term

geological slip rates and short-term rupture dynamics.
Phase 3: Define physically consistent loading conditions and boundary stresses
Multi-scale deformation constraints including long-term geological slip rates from geomorphic

markers, paleoseismic event parameters (Phase 2) and geodetic observations (GPS/InSAR) are

integrated to parameterize the kinematic loading of the XJFZ. Regional tectonic settings are then

translated into quantitative initial stress fields using stress-based modeling approaches, with

principal stress magnitudes and orientations, fluid pressure ratios and deep stress concentration

patterns constrained by observations.
Phase 4: Simulate rupture dynamics and slip partitioning via physics-based models
Apply advanced dynamic rupture and earthquake-cycle simulation tools (e.g., MCQSym, QDyn) to

the 3D geometric model (phase 1), incorporating rate-and-state friction laws and off-fault inelastic

deformation. Conduct systematic simulations to: (a) test how geometric discontinuities (e.g., step-

over width, branch angle) control rupture initiation, propagation, arrest, and branching; (b) quantify

slip partitioning among fault strands over repeated earthquake cycles; (c) evaluate the role of stress

interactions in enabling rupture cascading across discrete fault segments.
Phase 5: Validate models and assess seismic hazard implications
Quantitatively compare simulated outputs (rupture extent, slip distribution, stress evolution,

recurrence patterns) with multi-source observations: geological slip rates, paleoseismic event

records, geodetic deformation, and historical seismicity. Perform parameter sensitivity analyses (e.g.,

varying fault friction, fluid pressure, geometric details) to quantify model uncertainties. Finally,

translate insights into seismic hazard assessments—specifically, the potential for multi-segment

ruptures and strain concentration in populated regions along the XJFZ.
The main work will be conducted under supervision of Y. Klinger at IPGP, in collaboration with the Chinese colleagues, J. Liu and W. Yao from Tianjin University. The modeling part of the work will be conducted in collaboration with O. Zielke currently in KAUST, and the seismic hazard assessment part will be conducted in collaboration with C. Beauval, currently in ISTERRE.   

