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Abstract: The Kalamata (13-09-1986, Ms=6.0R, SW Peloponnese) earthquake can be classified as a medium to small scale
event based on the tectonic structures that triggered the earthquake and the effects caused on human, structural and natural
environment. The aim of this paper is to present the geotectonic and seismotectonic regime of the earthquake affected region
based on field data along the seismic fault zone and an attempt is made towards the: (i) estimation of the intensity values
according to the European Macroseismic Scale (EMS 1998) and the Environmental Seismic Intensity Scale (ESI 2007) and the
determination of their geographical distribution in a macroscale, (ii) interpretation of the intensity values data and their distribution
according to the seismotectonic, geodynamic and geotechnical regime, and (iiij) conduction of a comparative evaluation review on
the application of both EMS 1998 and ESI 2007. The application of both EMS 1998 and ESI 2007 and the comparative evaluation
of the results indicate that the estimated values of EMS 1998 and ESI 2007 were almost in agreement, despite the fact that the
geographical locations of assessment data were different suggesting that the application and use of both scales appears to
represent a useful and reliable tool for seismic hazard estimation.
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INTRODUCTION

Kalamata is located very close (< 70km) to the
Hellenic (lonian) Trench region in which the
subduction zone of the African plate beneath the
European (Aegean) one exists and thus is one of the
most seismically active areas of Europe (Figure 1).
On 13 September 1986, a shallow depth (< 10km)
earthquake struck the wider Kalamata area resulting
in 20 casualties, extensive damages and many
environmental effects. The epicenter of the main
earthquake was located about 10km NNE of the city
of Kalamata, and its magnitude was Ms=6.2
(Papazachos, et al., 1988). Two days later, a second
shock of Ms=54R (Papazachos, et al., 1988)
occurred closer to the Kalamata city at the same
depth. The focal mechanism of the main shock
shows an E-W extension (Lyon-Caen et al., 1987;
Papazachos, et al., 1988).

Seismological studies of Papazachos et al. (1988),
and Lyon-Caen et al. (1988) indicated that
aftershocks defined two clusters and an about 450
west-dipping fault plane. The foci depths of the
seismic sequence were ranging between 11 and
0.9km. Based on the variety of orientations and dips
calculated for the sub-faults activated during the
aftershock sequence, since the analysis of the
northern cluster indicates the existence of two types
of orientation, which are dipping in four different
angles and the southern cluster is characterized by
an almost uniform behaviour activated later in the
sequence, Tselentis et al. (1989) concluded that the
area is tectonically very complex which is in
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agreement with the neotectonic structure described
by Mariolakos et al. (1989; 1992, 1993) and
Mariolakos & Fountoulis (1998).

Stiros and Kontogianni (2008) applied two first-order
leveling traverses crossing the wider Kalamata area
and measured subsidence of about 7cm NE of the
Kalamata city in epicentral area of the southern
cluster. The Kalamata earthquake produced a
maximum intensity VIlII+ on the IMM or EMS 1992
scale (Elnashai et al.,, 1987; Gazetas et al., 1990),
while Panou et al. (2004) based on building damages
estimated the intensity up to IX - X for the city of
Kalamata.

The aim of this paper is to present the geotectonic
and seismotectonic regime of the earthquake
affected region based on field data along the seismic
fault zone and an attempt is made towards the: (i)
estimation of the intensity values in terms of the
European Macroseimic Scale (EMS 1998; Grinthal,
1998) and Environmental Seismic Intensity Scale
(ESI  2007; Michetti et al., 2007) and the
determination of their geographical distribution in a
macroscale, (ii) interpretation of the intensity values
data and their distribution according to the
seismotectonic, geodynamic and geotechnical
regime, and (iii) conduction of a comparative
evaluation review on the application of both EMS
1998 and ESI 2007.

GEOLOGY - TECTONICS -
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In the broader Kalamata area the following four
alpine geotectonic units from the lower to the upper
occur (Psonis, 1986; Mariolakos et al., 1993): (a) the
Mani unit consisting mainly of marbles, (b) the Arna
unit consisting of quartzites and phyllites, (c) the
Tripolis unit which consists of neritic carbonates and
flysch formation and (d) the Pindos unit consisting of
thin-bedded pelagic carbonates and clastic
formations. From the structural point of view, the four
above-mentioned  geotectonic  units form a
succession of three nappes. The Mani unit (slightly
metamorphosed) is considered to be the relatively
autochthonous one. The Arna unit overthrusts the
Mani unit, the Tripolis unit (second nappe)
overthrusts the Arna unit and the Pindos unit (third
nappe) overthrusts the Tripolis unit (Figure 2). The
Late Pliocene-Early Pleistocene marine deposits
consist of marls, sandstone and conglomerates
(Marcopoulou-Diacantoni et al. 1989; Mariolakos et
al,, 1993). The Middle-Late Pleistocene deposits
consist mainly of red colored siliceous sands-
sandstones and conglomerates. Alluvial deposits,
clastic material and talus represent the Holocene.
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Fig. 1: The second order neotectonic macrostructures within
the first order neotectonic macrostructure of the Kalamata-

Kyparissia graben. The numbers correspond to the
following second order neotectonic macrostructures: 1: Kato
Messinia graben, 2: Meligalas horst, 3: Ano Messinia
graben, 4: Dorion basin, 5: Kyparissia-Kalo Nero graben

The meizoseismal area is located at the eastern
margin of the Kalamata - Kyparissia graben and
constitutes the northward prolongation of the Gulf of
Messinia (Figure 1). Large and composite fault zones
define its margins and second order macrostructures
are observed within as well as at the margins
representing smaller grabens and horsts (Figure 1)
(Mariolakos & Fountoulis, 1998). The E-W striking
Dimiova - Perivolakia graben is bounded by the Kato
Karveli - Venitsa fault zone to the north, by the
Arahova to the east, by the Xerilas fault zone (XFZ2)
to the south and by the Nedon fault zone (NFZ) to the
west (Figure 2). This macrostructure constitutes one
of the most interesting minor order neotectonic
macrostructures because of the occurrence of the
Pindos unit. Mariolakos et al. (1989) interpreted the
kinematic regime of this macrostructure suggesting
that this graben rotates around an N-S axis located at
the area of Arahova westwards. At the western part
of the fault zone the total throw is more than 2.000m
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(Mariolakos et al., 1986; Mariolakos et al., 1989). The
most of the environmental effects and damages
caused during the seismic activity of September 1986
were observed within this graben. The marginal fault
zones consist of many faults, which are not
continuous and differ on strike even when they
belong to the same fault zone, as they form
conjugate fault systems.
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Fig. 2: Simplified geological map showing the four alpine
geotectonic units overthrust one on top of the other, as well
as the post-alpine sediments of the region of the Kalamata
area. 1: Holocene deposits; 2: Continental deposits; 3: Early
Pleistocene marine deposits; 4: Pindos unit; 5: Gavrovo-
Tripolis unit; 6: Arna unit; 7: Mani unit; 8: Overthrust; 9:
Fault; 10: Detachment fault. The numbers in the black
circles correspond to the smaller order neotectonic
macrostructures of the Kato Messinia sub-graben 1:
Asprochoma-Koutalas horst, 2: Dimiova-Perivolakia graben,
3: Kalathion Mt. horst, 4: Altomyra semi-graben, 5: Kambos
graben, 6: Vardia-Koka horst, 7: Kitries-Mantinia sub-
graben, XFZ:Xerilas Fault zone, NFZ:Nedon Fault Zone.

SPATIAL DISTRIBUTION OF ENVIRONMENTAL
EFFECTS

During the above-mentioned seismic activity, fault
reactivation (seismic faults), new faulting and seismic
fracturing were observed (the latter distinguished by
no displacement) (Figure 3). The reactivated faults
strike in different directions (N-S, E-W, NNE-SSW)
and the throw of the faults due to the reactivation is
generally small (max=20cm) and of normal character.
The maximum throw has been observed at a seismic
fault caused by the main aftershock Ms=5.6 R.

Numerous seismic ruptures trending N-S, NNE-SSW,
NE-SW, E-W and NW-SE were mapped in the
affected area, in most cases in en echelon
arrangement (Mariolakos et al., 1989). These seismic
fractures presented a vertical displacement of several
mm up to 25-30cm and they often presented a
horizontal component showing sinistral or dextral
displacement.

The majority of rock falls were observed in several
sections along the slopes of the Tzirorema, Karveli
and Xerilas streams and the Nedon river valleys as
well as in the wider area of Eleochori, Karveli and
Ladas villages (Figure 3). They were observed in
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areas characterized by steep slopes (> 50 per cent)
and they were related almost everywhere to small or
large faults with some of them reactivated during the
earthquake and others not.
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Fig. 3: The spatial distribution of the environmental effects

observed during the Kalamata earthquake sequence (based
on data from Mariolakos et al., 1992; Gazetas et al., 1990;
Fountoulis, 2004; Stiros & Kontogianni, 2008).

SPATIAL DISTRIBUTION OF DAMAGES

The damages were limited to an area of triangular
shape, which is defined to the south by the fault zone
of the Xerilas River, to the east by the fault zone of
Nedousa - Arahova and to the west by the fault zone
of the Nedon River (Figure 3). No damages were
recorded to the west of the Nedon fault zone and
south of the Xerilas fault zone and especially in areas
where the geological basement has the same
seismo-geological behavior as those in the city of
Kalamata and Eleohori village, which caused serious
damage. Based on field observations, the damage is
not determined only by the age, type, height and
other characteristics of buildings. There were cases
with two nearly identical constructions in the same
area; one remained intact while the other was
destroyed. In other cases the building destruction is
linked to zones of seismic fracturing that were
observed in the construction basement. Of course,
this is not the rule. In many other cases the building
destruction is linked to zones of seismic fracturing
that were observed in the construction basement. Of
course, this is not the rule.
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Figure 5: ESI 2007 Intensity distribution based on data of
Figure 3.

CONCLUSIONS

Taking into account the aforementioned we can draw
the following conclusions:

The damages were limited to the area that can be
regarded as a transitional area between the tectonic
basin Kalamata - Kyparissia and the tectonic horsts
of Asprohoma - Koutala to the north and the Kalathio
Mt. to the south. On the contrary, in Messini and in
Verga, damages of that size were not observed
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because those areas belong to different neotectonic
macrosturctures that were not reactivated during the
earthquakes of 1986 (central region of the tectonic
basin of Kato Messinia and tectonic horst of Kalathio
Mt respectively).

Rock falls were observed mainly in the tectonic
graben that was activated and also north of it, at
Tzirorema. On the other hand, on the steep slopes of
the Kalathio Mt. that belong to the homonymous
neotectonic  macrostructure, which was not
reactivated, no rock falls were observed.

An important factor in the distribution of the damages
and rock falls in the greater area was the reactivation
of old faults or the creation of new soil ruptures. In
this way, the fact that the destruction of buildings was
observed in Giannitsanika (higher intensity in Figure
4) and not near the coast can be explained, although
the foundation ground - red siliceous clastic formation
- in the first case theoretically presents better
geotechnical characteristics in comparison to the
loose coastal deposits.

The ESI 2007 scale appears to fit better than the
EMS scale in the neotectonic regime of the area as
its boundaries coincide better with the boundaries of
the activated graben and the observations we have
done concerning the distribution of the environmental
effects. The application of both EMS 1998 and ESI
2007 and the comparative evaluation of the results
indicate that the estimated values of EMS 1998 and
ESI 2007 were almost in agreement, despite the fact
that the geographical locations of assessment data
were different suggesting that the application and use
of both scales appears to represent a useful and
reliable tool for seismic hazard estimation.
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