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Context 
Fault reactivation is a major risk in energy geotechnics. CO2 storage, geothermal energy extraction or 

petroleum engineering involve the injection of fluids and the perturbation of the Thermo-Hydro-Chemo-
Mechanical (THMC) equilibrium of the host rock leading, in many cases, to fault reactivation and seismicity. 

Fault reactivation depends on many factors involving strain and strain-rate dependency. Here we highlight the 
importance of the size of the microstructure and of the various multiphyscial couplings regarding pre- and co-
seismic slip. It is shown that even though the microstructure and THMC couplings concern a finer length and time 
scale, they affect considerably the macroscopic behavior and stability of the system. 

 
Methods & results 

We propose a micromechanical, physics-based (Cosserat) continuum model by considering the characteristic 
size of the microstructure and the thermal- and pore-pressure-diffusion mechanisms that take place in the fault 
gouge during shearing. It is shown that even for rate-independent materials, the apparent, macroscopic behavior 
of the system is rate-dependent. This is due to the competition of the characteristic lengths and time scales 
introduced indirectly by the microstructure and the thermal and hydraulic diffusivities.  

Numerical analyses show that both weakening and shear band thickness depend on the applied velocity, despite 
the fact that the constitutive description of the material was considered rate-independent. Moreover the size of the 
microstructure, which here is identified with the grain size of the fault gouge (D50), plays an important role and 
determines the slope of the softening branch of the shear stress-strain response curve and consequently influences 
the transition from aseismic to seismic slip.  

 
Fig. 1: Strain localization inside fault gouge (colours represent Cosserat rotations, wc_3 [rad]). 

 



 

 
Fig. 2: Effect of grain size, R, on: (a) the stress-strain diagram and (b) the shear band thickness evolution. 

u1 denotes the (seismic) slip and h the height of the sheared rock layer. 
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