
The migration of fluid induced seismicity is classically linked to diffusive pore-fluid 
movement. However evidence for distant induced earthquakes at very short times 
since injection are ubiquitous, which are difficult to explain with the plausible 
range of reported crustal diffusivities. One possible explanation could be elastic-
stress perturbations provided by aseismic ruptures which have outpaced pore-
pressure diffusion. 

However, on 1D linear slip-weakening faults, outpacing ruptures which remain 
aseismic occur only under high overpressures and background stress very close 
to the residual strength(τ

b
≈τ

r
) (Garagash and Germanovich, 2012). 

We model the rupture as a 1D single mode anti-plane strain crack, coupled with 
a pore pressure perturbation profile with poro-elastic enhancement of 
permeability. 

Summary Model Setup

Why pore-pressure induced permeability 
enhancement?

Figure 3: Observations of fluid-injection 
experiments of Guglielmi et al. 2015, 
activated carbonate faults at depths 
around 280 m in the Low-Noise 
Underground Laboratory in southeastern 
France. Bhattacharya and Viesca, 2019 
suggested that the best fit (dotted) to the 
fluid pressurization history (brown) is 
accommodated by step changes in fault 
permeability, wherever there is a steep 
decrease in pressure. On the other hand 
fault opening clearly does not have a 
monotonic relationship with slip.

For faults with quasi-constant friction, the shear rupture grows in a self-similar 
manner with the non-linear diffusion of pore-pressure. Outpacing solutions 
emerge at systematically smaller pre-stress to peak strength ratios as 
permeability enhancement or over-pressure to normal stress ratios increase.

Results 1: Quasi-Constant Friction (              )

Figure 8: Effect of permeability enhancement (g), source overpressure (Δp), f
r
/f

p
 and τ

b
/τ

p 

on rupture growth and its inter-relationship with the pore pressure front.
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Though slip induced permeability has been studied in connection with aseismic 
outpacing of fluid induced ruptures (Guglielmi et al. 2015, Cappa et al., 2018, 2019, 
Wynants-Morel et al., 2020), the other end member pore pressure induced 
permeability enhancement has remained relatively unexplored. This is despite of 
the significant laboratory and possible in-situ evidence in favor of the mechanism. 

Figure 4: Panel A shows our model setup, and the hydro-mechanical 
parameters involved in the model. Panel B shows the particular linear 
slip weakening form assumed. 

Figure 6: Rupture simulations for quasi-constant friction: (A) Rupture half length as function 
of fault criticality parameter T, (B) stress profile in the crack interior. Outpacing solutions  
(L(t)/L

e
>1) first emerge at progressively lower pre-stress to peak strength value for 

progressively higher permeability enhancement levels. 
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Results 2: Slip weakening Friction (                )
Aseismically outpacing solutions 
for constant permeability , linear 
slip weakening friction

Figure 2: Adapted from DePaola et al., 2009, for 
both coarse grain (blue, red and purple) and fine 
grained (green) low porosity carbonate rocks at 100 
MPa confining pressure. The data clearly show an 
exponential decrease in permeability with increasing 
effective normal stress. 
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Figure 5: Pressure profiles due to non-linear diffusion under pore-pressure driven 
permeability enhancement for a constant pressure injection source of magnitude Δp.  
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Figure 7: 
Variations in Slip 
amplitude with 
permeability 
enhancement and 
quasi-constant 
friction: (A) g = 0.02 
Pa-1, (B) g = 0.002 
Pa-1.

Aseismically outpacing solutions 
for constant permeability 

Aseismically outpacing solutions 
for enhanced permeability 
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Figure 9: Schematic showing expansion of 
parameter space for aseismically outpacing 
ruptures due to permeability enhancement, for 
two cases, A) small f

r
/f

p
 and B) large f

r
/f

p
 

Motivation: Does permeability 
enhancement allow aseismic 
fluid-driven ruptures outpace 
pore-pressure diffusion over a 
broader range of hydro-
mechanical parameters? 

Storage considered 
independent of effective 
normal stress. 

This pore pressure perturbation profile is defined by a non-linear partial 
differential equation, containing the exponential dependence of permeability on 
effective normal stress.
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For linear slip weakening faults pressurized by a constant pressure source two 
factors control ultimate aseismic outpacing;
 1)With linear diffusion, larger values of f

r
/f

p
 promote ultimately aseismic outpacing 

as long as τ
b
<τ

r
 , even at lower overpressure to normal stress ratios.

 2) For the same value of f
r
/f

p
 permeability enhancement promotes aseismic 

outpacing for faults further from criticality and the ultimate stability boundary τ
b
=τ

r
.
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