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Abstract

The complexity of failures and fractures observed in outcrops or in geological and geophysical subsurface data results from the deformation-
dependent rheology and the polyphase deformation history of brittle rocks over time and space, as well as the influence of stabilizing and/or
destabilizing feedback processes during the development of geological structures. In segmented fault systems, faults and fractures begin as
small discontinuities in the rock, and their nucleation, growth, and coalescence are generally linked to variations in structure, lithology, local
stress disturbances, and changes in the regional tectonic stress field during the deformation process. As a result, complex three-dimensional
structures are formed, composed of multiple fault segments that can interact both vertically and horizontally with each other. Although high-
quality 3D seismic data allow for the analysis of fault geometries and their displacement distribution, the scale resolution of seismic data
imposes a limitation on the data that can be acquired (20-30 m). Thus, the vertical and horizontal interaction and connection between different
fault segments, as well as the secondary structures associated with them, remain at a sub-seismic resolution. Analogue modelling has been
widely applied to simulate extensive structures and gain insights into their structural and kinematic evolution. Dry quartz sand and wet clay
have been commonly used as analogue materials to simulate fault processes at the scale of sedimentary basins. Both analogue materials
simulate the brittle deformation of upper crust rocks but exhibit different deformation styles. Although both have different deformation
patterns, they are unable to reproduce small-scale structures. To address this issue, in this study, we used cohesive granular rock analogue
materials (GRAM). In these materials, the mechanical properties of granular mixtures are analysed to understand their deformation behaviour
and the dynamic properties relevant for simulating brittle rocks. The differing composition of the GRAM materials increases the cohesion of
the aggregates, allowing for the simulation of shear and tensile fault deformations, making them ideal for simulating the brittle deformation of
natural rocks because granular flow exhibits complex deformation-dependent behaviour during elastic-plastic deformation. Four different
mixtures of dry sand and clay were investigated to test the impact of clay content on mechanical behaviour and, consequently, the suitability of
each mixture for simulating segmented fault processes and fractures in sandbox analogue experiments. The comparison between sand and sand-
clay mix materials models highlights the significant role that material cohesion plays in fault segmentation and secondary structures. The
increasing clay percentage influences the mechanical behaviour of the materials, which in turn impacts the location, growth, and connection of
fault segments, as well as the density and structural pattern in the different experiments. The mix materials proved to be an effective analogue
for simulating fault systems with greater segmentation.



