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Smectite clay is commonly found in the shallow part of the upper crust and plays a
critical role in controlling the rheology and stability of clay-rich faults. Given
smectite clay’ s ability to carry charge and absorb water, conventional understanding
based on friction at contact surface may not fully explain its shear resistance. In this
study, we perform shear simulations on a model clay system using molecular dynamics,
where clay platelets are simplified as oblate ellipsoids interacting via the Gay—Berne
potential. The primary aim is to investigate the effect of different factors on the
rheology and structure of the model clay system, focusing on strain rate, normal stress
and energy anisotropy.

The 3D clay system shows velocity—strengthening behavior with shear dominated by shear
bands at low strain rates. The system’ s structure can be quantitatively described by
nematic order and parallel radial distribution function. The shear process at low strain
rates in simulation is consistent with experimental observations.

In a 2D clay system under high normal stress, similar structure and rheology to the
3D system are observed. Higher energy anisotropy enhances shear resistance but also
promotes cluster formation. The confined 2D system exhibited stick—-slip motion together
with global velocity-strengthening behavior. Increasing normal stress result in
decreasing stress drop. Wall slip near the upper plate is observed at low normal stress
and the shear zone is wider at higher normal stress

Our results suggest the typical characteristics of clay gouge, including velocity
strengthening behavior and fabric development during shear, can be observed in this
simple model clay system. The shear behavior of clay can be described using a yield
stress fluid model beyond conventional considerations on sliding friction. The model
clay system can exhibit instability including shear band and stick-slip motion at low

strain rate and during shear startup.



