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Abstract

Strike-slip faults develop deformation localized along the fault trace (on-fault deformation) and in the surrounding region (off-fault
deformation, OFD). This study investigates how preexisting planar structures with different orientations affect the distribution of OFD during
the formation of a strike-slip fault zone. Physical sandbox experiments simulated sinistral strike-slip tectonics, with movement initiated by an
E-W trending velocity discontinuity at the base of the apparatus. The models included preexisting planar discontinuities at azimuths of 015°,
045°, 075°, 090°, 285°, 315°, and 345° before deformation, relative to the defined north direction. Additionally, a reference experiment was
conducted without any preexisting structures. The analog materials used for all experiments were quartz sand and dry clay. Particle Image
Velocimetry (PIV) was employed to analyze surface strain and displacement patterns. The results indicate that preexisting discontinuities
influenced deformation distribution (on- and off-fault deformation), fault evolution, and damage zone geometry. As displacement increased and
the strikes-slip zone evolved, deformation localized along the interaction and propagation of subsidiary structures, reducing OFD. Initially,
high OFD values, driven by the nucleation relative immature and subsidiary structures, decreased by 21% to 87% across the experiments as the
faults matured, from the initial to the final stages of deformation. A slight increase in OFD during intermediate stages was observed in the
Reference Model, 015°Az, and 345°Az experiments. In the final deformation phase (3.0 cm displacement), OFD reached its lowest values and
was distributed along irregularities in the throughgoing fault zone in the 285°, 345°, 045°, 315°, 075°, and 090°Az experiments. The 090°Az
and 075°Az experiments exhibited the smallest OFD areas due to the early formation of the throughgoing faults. In contrast, the OFD area in
285°, 345°, 045°, and 315°Az experiments was larger due to structural complexities, including irregularities along the main fault and stepovers
between fault segments. The reference model and 015°Az experiments had the largest OFD, reflecting the absence or misalignment of
preexisting structures, which inhibited throughgoing fault formation. These findings highlight the complexity of on- and off-fault deformation
distributions, which were significantly influenced by initial Riedel shears and directly affected by the orientation of preexisting planar
discontinuities observed in our experiments. Keywords: deformation distribution; off-fault deformation; structural inheritance; strike-slip fault;
analog modeling.



