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Abstract Background

Fluid overpressure is one of the primary mechanisms for triggering tectonic fault slip and human-induced seismicity. Tr

mechanism is appealing because uids lubricate the fault and reduce the e ective normal stress that holds the fault in place Criterion for fault reactivation Wastewater
However, current models of earthquake nucleation imply that stable sliding is favored by the increase of pore uid pressure, b A o 4 _Injection
cause the resulting decrease in e ective stress tends to increase the friction stability parameter K=k/kc and thus promote stalt = O=p (M-F
- - . . . . . . . . - .- — ‘\(b' o |mpermeab|e
sliding. Despite this apparent dilemma, there are few existing studies of the role of uid pressure on frictional stability unde " 2 - Layer
controlled, laboratory conditions. Here, we describe laboratory experiments, conducted in the double direct shear con gurg % Fault _
tion in a true-triaxial machine on carbonates and shale fault gouge, to: 1) evaluate the rate- and state- friction parameters & & Reactivation Reservoir
2) study fault creep evolution as the pore uid pressure is increased. We show that the friction rate parameter (a-b) evolves fr =
slightly velocity strengthening to velocity neutral and the critical slip distance, Dc, decreases from about 100 to 20 m as po 21 Al a0
uid pressure is increased (Scuderi and Collettini, 2016 Nat. Sci. Rep.).Similarly, fault creep is slow (i.e 0.001 m/s) under h N
static boundary conditions and accelerates as pore uid pressure increases, where we observe episoc
accelerations/decelerations that in some cases evolve to small dynamic events. These events are accompanied with an incrt . N
. . . . . L . i, E ective normal stress (i
In fault porosity and permeability. Upon fault failure, fault slip velocity is controlled by fault zone mineralogy and permeability
with carbonates that showed fault failure at dynamic slip velocities (i.e. ~2mm/s), while shale failed by accelerated, but slc o _
shear slip (i.e. ~250 m/s). Our data suggest that uid overpressure can increase aseismic creep with the development of lo Rate- and State- Frictional equations
frictional instability and dynamic rupture even for faults that are characterized by a velocity strengthening behavior, whicl| Slow Fast
Indeed should tavor aseismic creep. Our results indicate that fault weakening induced by uid pressurization overcomes thev — _ I b EEEhhCRnEEEE L EEEE TP PR i _ _ o
locity strengthening behaviour of calcite gouge, resulting in fast acceleration and earthquake slip. As applied to tectonic faul .2 b In (Vi) Criterion for fault Stablllty
our results suggest that a larger number of crustal faults, including those with slightly velocity strengthening friction, can expe 2 aln (Vi) . . o _
- - - - LL Velocity Strengthenin de ned by the critical sti ness (kc)
rience earthquake slip due to uid pressurization. s T y
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As a result of pore pressure increase, the creep velocity is much Details of fault S_I'p and §I|p velocity r_eveal
. . complex fault slip behavior. When slip ve-
higher than the case of creep at constant uid pressure locity is still slow we observe various
Tertiary creep stages of fault acceleration and decelera-
In the vicinity of the critical stress state for reactivation tertiary creep tion.
begins, characterized by fault zone acceleration that evolves in a dy-
namic slip instability reaching velocities of 2mm/s after ~12mm of The slip behavior is also in uenced by the
slip Injection procedure employed.
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m+ i ,\ f v %\ f gouge deformation: e Fault dilation accompanies accelerated fault creep but we always observe compaction upon failure. Our data
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