Pressure front interacting with a rate-and-state fault of heterogeneous permeabillity
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1 - Introduction 4 - Injection for subcritical density of asperities p, = 0.5 < p
Many induced earthqguake sequences could be seen as theeraptrittle asperities along a fault zone, in response td flu t =1 day t=5 days t=12 days
pressure changes generated by an injection at depth. Fudhe the relocation of seismicity shows that these brgdtches 30
only cluster on particular regions of the fault zone, whiaticates that other portions of the fault are either cregpmnot 1000 _
activated during the injection. This shearing behavioraatiks heterogeneous permeability conditions within &udt zone. £ 25 §
Here, we investigate the injection-induced seismic respaf a heterogeneous fault plane featuring brittle aspgmith low § 500 =
permeability embedded in higher permeability and ductigrix. e 120 >
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2 - Modeling approach : coupling a hydromechanical and a g 3
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_— ® ./ i oading hﬁ nostrock Fig. 4 : Excess fluid pressurA p within the fault zone assumed, obtained with the hydronrdchbmodel, for three different time steps. This solut®n|i
. X used as a perturbating term in the asperity model.
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Fig 1 : Conceptual model assumed In this study. Earthquag&esspond to the rupture of brittle patches (asperities) i’ | ; 10007 1000 |
embedded in a creeping matrix. A fluid injection is performetiin such a prestressed fault system. We also assume § v 2 =
heterogeneous permeability within the system : duringsaismic periods, asperities are locked and act as barreithe > E = 800 +  seismic events
flow. Creeping regions accumulate damage, and thereforgepitea higher permeabllity. o : - 0: = ip = é mga
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Fig 2 : Coupled modeling approach assumed in this study. Faanven asperity distribution, a fluid flow is first compute¢ time (days) time (days) Fig. 6 : Distance to the injection point for each event (blaosses)
with a hydromechanical modé@Pruess et al., 1999). In a second step, the fault is modeled as a planar interfatde w Fig. 5: (a) Spatially averaged fluid pressure excess assediaith the recorded on the fault segment during the injection. Solaydmes
frictional heterogeneities. The fluid pressure solutionsed as a forcing term to compute seismicity. Injection < Ap > as a function of time during the injection. (b) Seismicigorrespond to the maximum extent of a particular fluid pressevel Ap,
_ — _ _ rate generated on the fault segment during the injectionM@ximum computed from the injection point at each time step of thectgpn. The
3 - Unpertu bed behavior : the critical densﬂy of asperity p* magnitude as a function of time during the injection. (d)s8&t moment dotted red line is the effective diffusion curve for the fllav.
@ (total, coseismic, and aseismic) released by the fault segjauring the
Injection.
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The regimes of activity obtained Iin a rate-and-state asper- 0.008 | N - 5 - COnCIUSIOnS
ity model are controlled by the density of asperitigs — N,
Sasp/Stot (Dublanchet et al., 2013a) The transition be- 0.006 | uncorrelated | In this study we proposed a new method to compute the injeatiduced seismic response of a heterogeneous fault zdmeh) wouples a hydromechanical
tween a regime of uncorrelated activity and a regime of jghl = activity §\ model and an asperity model based on laboratory derivearatestate friction laws. This approach allows to quarthy amount of seismic vs. aseismic
clustered swarms with large magnitude events occurs wleenth _ 3 _ deformation generated by the fluid injection, to quantify talative importance of static interaction and fluid effaatthe triggering of seismicity, and to
density of asperity exceeds a critical threshpld (Fig. 3). 0004 § Investigate the physical conditions leading to large magia events. For stable fault conditions (subcritical dgrd asperities), the seismicity could be
This is equivalent to an effective friction concépiublanchet ; used to track the fluid at depth.
etal., 2013b) if A isthe spatially averaged rate-and-stateb 0.002 I clustered| -
parameter, we have i’ activily REfe rences
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pe >pt=A<0 effective weakening behavior 0 02 5 00 08 Dublanchet, P., Bernard, P., & Favreau, P. 201Raurnal of Geophysical Research: Solid Earth§5), 2225-2245.

pa < p, =A >0  effective strengthening behavior g 3 : Transition between the regimes of seismicity of a
asperity fault, in the density of asperity-steady statetifon
parameter diagram.
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