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Abstract of Thesis

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. Despite extensive studies on its frictional properties and
fabric development, the underlying mechanisms are not fully understood. While shear experiments characterize
smectite clay as frictionally stable, field observations and clay suspension experiments reveal conditional
instability. It is crucial to examine whether the clay system can exhibit instability under varying conditions.

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. A particle level study on the microscopic shear
mechanism can provide deeper insights into the macroscopic behavior of clay—rich faults. 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 current model successfully reproduces key features of the clay system in both rheology and structure
and captures unstable flow behavior under various scenarios. The 3D clay system shows velocity—-strengthening
behavior, which can be described by the Herschel-Bulkley model. Shear banding occurs at low strain rates
with particles in the shear zone aligning in a preferred orientation. The result suggests the clay-rich faults
are predominantly controlled by thin shear band at realistic strain rate. The system’ s structure can be
quantitatively described by nematic order and parallel radial distribution function. At low strain rates
the structure development occurs in two stages: particle rearrange to align with shear as shear stress increases
to the peak, followed by shear banding as shear stress reaches a steady-state value. The shear process 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.
However, at low normal stress, shear is characterized by collective movement of clusters which result in
significant fluctuations in volume and particle alignment. Stable shear bands form at much lower strain rate
in the 2D system, and intermediate strain rate is governed by long—lived fluctuating nonlinear velocity
profiles. Higher energy anisotropy enhances shear resistance but also promotes cluster formation.

We also tested the instability of a confined 2D clay system with moving upper plate. The system exhibited
clear stick—slip motion together with global velocity—-strengthening behavior. The stress peak during
stick—slip is close to the static yield stress. 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. Despite a monotonic global flow curve showing the shear stress increases with finite strain rate
the model clay system can exhibit instability including shear band and stick—slip motion at low strain rate

and during shear startup.
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