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[1] We propose a possible model for the origin of the
spatial fluctuations of the stress field along faults and test
our model in the case of the Nojima fault, Japan where
unique estimates of the absolute stress field have been
obtained. The model consists of two parts: an up-scaling of
the fault morphology measured at laboratory scales and a
numerical computation using a boundary element approach
of the influence on the stress field along the fault of an
elastic squeeze of the fault asperities. Accordingly,
fluctuations of the stress field along the fault would
be dominated by quenched fault properties rather
than dynamical stress fluctuations produced during
earthquakes. Citation: Schmittbuhl, J., G. Chambon,

A. Hansen, and M. Bouchon (2006), Are stress distributions

along faults the signature of asperity squeeze?, Geophys. Res.

Lett., 33, L13307, doi:10.1029/2006GL025952.

1. Introduction

[2] Numerous recent studies have been proposed to
reconstruct slip and stress histories along faults during large
earthquakes [e.g., Tinti et al., 2005]. Even if different
inversions for the same fault show discrepancies, co-seismic
slip and stress drop distributions usually exhibit very
heterogeneous patterns [Mai and Beroza, 2002; Lavallée
and Archuleta, 2005]. Such observations suggest that either
dynamical processes during earthquakes roughen the stress
fields, or that strong heterogeneities of the stress field
persist along the fault over the seismic cycle. Each hypoth-
esis leads to very different modelling of seismic hazard.
Indeed the first case requires a careful description of the
mechanical instability and of the earthquake dynamics. In
the second case, on the contrary, a precise analysis of the
fault structure is required. To choose among these assump-
tions, estimates of the absolute stress field along the fault
are required though they are rather difficult to obtain.
[3] The 1995 Kobe, Japan, earthquake is a unique case

where the absolute stress field has been recovered with a
sufficiently high spatial resolution [Bouchon et al., 1998].
The estimate of the absolute stress field in Figure 1 relies on
the rotation of the slip vector during the earthquake and the
requirements of co-linearity between the directions of max-
imum shear stress and instantaneous slip [Spudich, 1992].
The grid size of estimated values is 61 � 22 with a spatial
resolution of 1 km � 1 km. Stress estimates are obtained
from the inverted slip distribution along the fault [Bouchon
et al., 1998] assuming that the friction is isotropic and that

the instantaneous slip direction is the direction of maximum
shear stress. The slip inversion computation implies an
interpolation but only limited to the lowest scales (<5km).
[4] The absolute initial stress field shows significant

spatial fluctuations (see Figure 1). The average initial stress
estimated over the inversion region is rather low: 3.3 MPa
with rms fluctuations of the same order: 1.9 MPa. Average
final stress are: 1.6 ± 1.2 MPa. Main asperities are is of the
order of 10 km and with an isotropic distribution. It is of
interest to note that although magnitudes of the peaks are
smaller in the final case, their positions are persistent with
respect to the initial stress field (except at large depth
around 20 km where local maxima of the initial stress are
significantly reduced by the earthquake - this area is
however the region of weakest resolution). Accordingly, a
significant part of the heterogeneities of the stress field is
quenched along the fault, and only weakly modified by
dynamical stress fluctuations that result from earthquake
propagation.
[5] Micro-earthquake activity is another possible signa-

ture of structural asperities along the fault [Rubin et al.,
1999]. The case of the Izmit region, Turkey around the 1999
Kocaeli, earthquake is a good example. Indeed, a significant
activity has been monitored before the main event [Bariş et
al., 2002] and followed after the earthquake [Özalaybey et
al., 2002].
[6] In this letter, we propose a possible mechanism for

the origin of the stress fluctuations along the fault. We
attempt to link the stress field distribution to the roughness
of the fault plane. This is based on the analysis of the
transformation of fault asperities when submitted to a
normal load. We limit ourselves to an elastic deformation
of the topography which might be dominant at large scales.
In doing so, we ignore plastic strain which might occur
locally on small asperities. We however include the broad
range of asperity size as observed on natural fault surfaces.

2. Fault Roughness

[7] Roughness of the fault plane has been largely studied
both at laboratory scale [Scholz, 1997; Power and Durham,
1997] and at field scale [Power et al., 1987; Schmittbuhl et
al., 1993]. We complete here former results at laboratory
scales with the measurement of the topography of two fault
planes: one extracted from the Bastille Hill fault (BF) near
the city of Grenoble, France and the second one from the
Aegion fault (AF) in the Gulf of Corinth, Greece. An optical
profiler has been used with a resolution of 3 mm for
positions along the mean fracture plane and of 1 mm for
height estimates [Renard et al., 2004]. The grid was 4100 �
873 for BF and 2050 � 2050 for AF, with a mesh of
24 mm � 24 mm.
[8] Analysis of the roughness has been performed using

the rms topography at scale l: s(l) [Schmittbuhl et al.,
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