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Abstract

Fluid pressurization, a possible mechanism of fault weakening, exerts a critical control on earthquake rupture

in the upper crust. One cause for this control is the presence of high fluid pressures inside the fault zone.

However, the precise mechanisms relating high fluid pressures and fault rupture remain unclear. Here we measure
the poroelastic properties of a fault zone, and then we use 2D hydromechanical models to show that effective

stress changes induced by a transient pulse of fluid pressure along a fault zone with spatially variable material
properties—conditions that are representative of natural faults—can be sufficient to produce large slip in the fault
core, and fracturing in the surrounding damage volume. Rupture properties outside the limited source region are
examined for ranges of values of the degree of material contrast across the fault. Our results indicate that the slip
dimension is highly influenced by the contrasts of permeability and rigidity across the fault zone components, from
the fault core through the various subzones of the fractured damage zone and to the less fractured host rock.
Moreover, high fluid pressures may also develop locally off the narrow fault core, preferentially into the more permeable
and less rigid parts of the damage zone, where the deformation is plastic, highlighting a possible mechanism for
off-fault rupture. Finally, on faults with hydromechanical heterogeneities at the scale of the internal structure, the fluid
pressure and rupture are highly asymmetric with propagation in a preferred direction, that is the more permeable
and compliant material of the fault zones.

1. Evidence for poroelastic properties
contrast across faults 200 % oen

We examined the spatial distribution of permeability and rigidity in a strike-slip regional fault zone in low-porosity
rocks, using poroelastic pulse tests that simultaneously measure fluid pressure and mechanical displacement.
Data revealed the existence of a non-linear evolution between permeability and rigidity along the fault elements,
with a high permeable and not-so-rigid damage zone coexisting with a low permeable and highly rigid protolith.
The core has much lower permeability and rigidity by several orders of magnitude. Our data also showed that
this variability in poroelastic properties imposes that fluids and strain are not uniformly distributed.

1.1 Geological and seismological context, and experimental protocol
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(a) Regional tectonic framework of the Coaraze regional fault in southeastern France (seismicity is represented by the red circles);
(b) Geological map of the Coaraze fault zone; (c) Close-up view of the fault zone structure with measuring points (orange circles);
(d) Measurement device for the synchronous monitoring of (e) fluid pressure and fracture mechanical displacement.
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