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ABSTRACT

The rift of the Corinth Gulf, one of the most active areas, has attracted attention for more than a
decade and been extensively monitored by geodetic, seismological and various geological
observations in order to evaluate its complicated tectonic behaviour.

Recent studies have verified that the rift is bordered on both its north and south sides by active faults,
predominantly normal ones. However, much of the seismicity in the region is attributed to off-shore
active faults. Their geometry and tectonic activity is estimated indirectly via analysis of the seismic
episodes, geodetic observations on the free surface, observations of microseismicity in the area,
multibeam bathymetry etc.

Although the 1995 Aigion earthquake, a well documented event resulting from normal faulting, has
been most rigorously studied, the preceding Galaxidi-Itea earthquake of M¢~5.9, of November 1992,
beyond the early studies that estimated its characteristics, has not merited a similarly prolonged and
detailed analysis, possibly due to its minor consequences in the vicinity.

The present work deals with the assessment of the Coulomb stress change (ACFF) associated with
the Galaxidi-Itea 1992 earthquake, assuming the earthquake can be modeled as a static dislocation in
an elastic half-space. The stress changes are estimated for normal faulting and for the appropriate
parameters of the Galaxidi event. It is, also, investigated whether this earthquake may be considered as
a precursor for the 1995 Aigion earthquake of M~6.2.

1. INTRODUCTION

Normal faulting, in actively extending regions of the continents, is usually organized into sub-
parallel systems distributed over areas of tens or even hundred kilometres wide. In Greece,
one of the most prominent and active features of such a system of faults is the rift along the
Gulf of Corinth.

The Gulf of Corinth is the most rapidly extending rift system in Greece with about 120km
length and 30km width and a WNW-ESE trend. It is believed to be active at the present rates
since the last SMyrs.It is connected with one of the highest seismic activities in the Euro-
Mediterranean region: 5 earthquakes of magnitude greater than 5.8 in the last 35 years, an
estimate of 1-1.5cm/yr of north-south extension, frequent seismic swarms, and destructive
historical earthquakes [7, 11, 20]. The rift appears to be asymmetric and bounded along its
south coast, on Peloponnesos, by north-dipping faults of en échelon pattern with maximum
segment lengths of 15-25km.
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Seismic, geomorphologic and geological observations suggest that the Peloponnesos coastal
and offshore normal faults seem to be the most active today, resulting in the long term
subsidence of the northern coast, and on the upward displacement of the main footwalls.
These vertical motions relatively to sea level are superimposed on the general uplift of the
northern Peloponnesos [5].

It is estimated that for the central part of the rift all recent large earthquakes (Eratine of
Phokida, M=6.3, 1965; Antikyra, M=6.2, 1970; Galaxidi, M=5.8, 1992, Aigion, M=6.2, 1995)
activated offshore faults with shallow north-dipping planes [2]. At least for the 1995 and,
possibly, for the 1992 events [4, 10] these planes are shown to be the fault planes. These 30°
to 35° dip angles differ significantly from the steeper 45° to 50° dip angles of the eastern part
of the rift, such as the ones for the three earthquakes of the Corinth sequence of 1981 (Figure
) [11].

Present day estimates, derived from GPS observations, suggest fault slip rates of the order of
10-15mm/yr for the western part of the Gulf, not quite in agreement with observed uplift rates
of 1-2mm/yr over the last 0.3Myrs [1, 15]. However, the extension rates estimated from GPS
observations, for the eastern part of the Gulf, are significantly lower (of the order of 5-
o6mm/yr) [7].
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Figure 1  The geological map of the Corinth Gulf with the recent major earthquakes for the western part.
Modified from [14, 17].

2. STATIC STRESS CHANGE

Stresses around an active fault are accumulated slowly due to the lithospheric plates” motion.
If the stresses surpass the strength of the crust a fracture takes place which causes a seismic
event. Thus, part of the accumulated stresses is released on this fault while the stress field in
neighbouring areas is changed. A measure of this change is the so-called Coulomb stress,
which is the difference between the shear stress in the fault direction and the shear strength,
assuming that the Mohr-Coulomb criterion expresses the strength of the crust material.
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Therefore, if the distribution of the static stress changes around the ruptured fault is known it
may provide useful information whether the seismic activity on a nearby fault will accelerate
or not depending on the increase or decrease of Coulomb stress induced by the ruptured fault.
Several studies have indicated that relatively small but sudden changes of the stress field
applied on the faults may affect the rate of seismic activity in the surrounding area [13, 23,
25]. Such stress changes, of the order of 0.2MPa (=2 bar) are only a fraction of the stress drop
during an earthquake and were regarded insignificant, until a few year ago. A reasonable
question would be how such a small stress increase, equal to the pressure at the base of 10 m
high embankment, may advance a rupture. This may be evidence that the faults in an active
area are in a limit state, very close to fracture or slipping; thus a small change could trigger
the onset of fracture.
Although the stress distribution inside the lithosphere is unknown the stress change due to a
rupture on a fault may be estimated. Therefore, the Coulomb stress is calculated considering
the lithosphere as a homogeneous elastic, isotropic half space, an assumption that simulates
the crust behaviour satisfactorily. Elastic dislocations on rectangular planes -representing the
faults- in this half space are used [18] and the calculations require the knowledge of both the
fault geometry and the neighbouring stress field.
Thus, the Coulomb stress change, that is the difference of the absolute value of the shear
stress developed in a particular direction minus the shear strength along it, is given by the
following expression:

(1)
where:
Atgip 1s the change in shear stress (positive along fault slip direction) due to the first
earthquake resolved in the slip direction of a second fault, Ac,” is the normal stress change
(positive if compressive) due to the first earthquake, resolved in the direction orthogonal to a
second fault plane and ¢ is the friction angle of the fault surfaces. ACFF is resolved onto the
fault plane and in the slip direction of a second “receiver” fault, and at the hypocentre of the
second fault.
If ACFF is positive, that is the shear stress on the fault exceeds its shear strength, then the
rupture is accelerated. In this case the first earthquake may bring the second fault closer to
failure. While, if ACFF is negative, the normal stress increase augments the shear strength. In
this case the first event may send the second event farther away from failure, and into a so-
called stress shadow. The stress shadow lasts as long as it takes the second fault plane to
recover from the stress decrement. One manner of recovery is through long-term tectonic
loading.
The method presumes that the static stress drop due to a large earthquake is recovered during
the time interval that elapses until a new major event takes place; the static stress change in a
seismic cycle is zero. Furthermore, it is often assumed that the initial Coulomb stress in the
area of interest is zero. Although this may not be true it does not affect the computations,
since the element of interest, in the vicinity of an earthquake, is not the static stress but its
change. However, it should be acknowledged that the stress field of an area is the
combination of the long-term tectonic loading due to the lithospheric plates” motion and of
the seismic ruptures. The size and orientation of the stress field due to seismic rupture may be
estimated by studying the focal mechanism solutions of the seismic events occurring in the
vicinity. But a rather prolonged time period of observations is needed in order to acquire a
reliable estimate of the orientation of the stress field. Even then, the components of the stress
field tensor are only known in specific locations, those of the explicit seismic events and do
not represent the overall stress filed. Geologic observations in situ are necessary in order to
estimate the local stress field [24]. A simpler approach is to use empirical formulae in order to
estimate the stress drop accompanying a fault rupture for the neighbouring area.
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