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Supplementary Material:



Background
● Injection of fluids into 

the subsurface has been 
linked to fault instability, 
causing a)induced 
seismicity and 
b)aseismic creep.

Data Source: www.inducedearthquakes.org 2



Experimental Observations: Injection Rate vs. Failure Pressure

Recent experimental studies (Passelegue et al.,2018; Ji & Wu, 2020; Ji et al., 2021) show that slower 

injections lead to failure at lower pressures than fast injection rates.

●

After Ji et al., 2022
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Passelegue et al., 2018
Ji & Wu, 2020; Ji et al., 2021



Formulation for the physics of  pore fluid
Under the assumption of  nearly 
incompressible grains, but deformable 
media 

Diffusion Forcing

z+

It can be shown that this 
formulation is a generalization of:

Wang, 2000
Bechrach et al., 2001 (when 
neglecting inertia)
Walder & Nur, 1984 
Snieder & van der Beukel, 2004 
Samuelson et al.., 2009

Fluid compressibility 4



Adding the grains Normal force on grain i:

Linear and angular 
momentum of  grain i:

Elastic repulsive 
force

Viscous 
damping

Elastic 
shear force

Frictional 
resistance

Shear force on grain i:
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2-phase 2-scale model
Solid deformation changes 
the fluid pressure via the 
divergence in solid velocity 

And the local geometry as 
expressed by the porosity, 
permeability
                 ,
The fluid pressure 
gradients
act as a force affecting 
the solid grain motion.

Permeability evolution is given by 3D 
Carman-Kozeny relationship:
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