























ESI 2007 AND EMS-98 FOR 1986 KALAMATA EQ

Figure 4. Geological map with the seismic intensities derived from the application of the ESI 2007 scale to the September 13, 1986, Kalamata
earthquake and their correlation with the neotectonic macrostructures (the Dimiova-Perivolakia graben and the Kalathion Mt horst) and the
active fault zones of the study area (NFZ: Nedon fault zone, KKVFZ: Kato Karveli-Venitsa fault zone, AFZ: Arachova fault zone, XFZ: Xeri-
las fault zone). The ESI 2007 values derived from the use of EEE induced by the strongest aftershock around Tzirorema gorge (NE-SW
trending part of Tzirorema River in the northern part of the map) are also presented here.

zone is observed and finally (f) in the Tzirorema gorge  unit) in the area of the small village Diassello.

developed along the NE-SW trending part of In some places, as for example in the Elaeochori vil-
Tzirorema River located north of the damage area (Fig- lage, reactivation of faults has taken place both during
ure 3). It is significant to note that a totally new fault the main shock and the aftershock, while in others, as in
was created on the uppermost tectonic unit (Pindos  Tzirorema gorge located north of the damage area (Fig-
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ure 3), a reactivation of a fault occurred only during the
aftershock [Mariolakos et al. 1986, 1989, Fountoulis 2004].

Reactivated faults strike in different directions (N-
S, E-W, NNE-SSW, NW-SE, NE-SW). The throw of the
normal faults due to the reactivation ranged from 10 to

20 cm. Considering these data, an IX intensity

ESI 2007
was assigned to the locations where seismic faults were
observed during the September 13, 1986, Kalamata

earthquake (Figure 4).

6.3. Seismic fractures

Contrary to the seismic faults, seismic fractures do
not present an obvious slip [Mariolakos et al. 1986,
1987]. Seismic fractures presented and described thor-
oughly by Mariolakos et al. [1986, 1989] and Fountoulis
[2004] have been observed in many places and in almost
every geological formation (alpine and post-alpine)
(Figure 3). Most of them were relatively small (3-5 m
long), whereas some of them were very large (10-50 m
long). They presented a vertical displacement of sev-
eral mm up to 25-30 cm [Mariolakos et al. 1986, 1989]
and they often presented a horizontal component
showing sinistral or dextral displacement [Mariolakos
et al. 1986, 1989, Fountoulis and Grivas 1989].

Seismic fractures also form a zone or zones of
smaller ones with their width ranging from 2 to 5 m.
The density of the fracture zones containing large frac-
tures varied from place to place. In one case, the frac-
ture density was measured as ten fracture zones per 100
m [Mariolakos et al. 1986]. The arrangement of the
seismic fractures inside a zone was typical en echelon.

The seismic fractures are not planar, so their shape
on the ground is not a straight but a crooked line. The
set consisting of the greater fractures is of first order,
whereas the set which consists of the smaller fractures
is of second order (Figure 3). In some places, the first-
order set became secondary and vice-versa.

Based on the aforementioned fracture dimensions
(fractures with length ranging from 3 to 50 m, maxi-
mum width about 15 cm, vertical displacement of sev-
eral mm up to 25-30 cm, zones of seismic fractures with
length ranging from 150 m to 1.5 km and width ranging
from 2 to 5 m) [Mariolakos et al. 1986, 1987, 1989, Foun-
toulis and Grivas 1989, Fountoulis 2004] and the ESI
2007 guidelines [Michetti et al. 2007], a VI, , ., in-
tensity was assigned to the majority of seismic fractures

(Figure 4).

6.4. Rockfalls

As it is known, rockfalls are theoretically linked to
the decrease of the coherence and the angle of inter-
nal friction and to the increase of the slope gradient,
while practically they depend on the number of tec-
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tonic discontinuities within a rock body and on the an-
gular relationship between tectonic discontinuities sur-
faces and the slope dip [Mariolakos 1991]. However, the
rockfalls induced in the greater area of Kalamata dur-
ing the seismic activity of September 1986 are differen-
tiated from the above mentioned. This is because
rockfalls were also observed in sections of the area in
which the conditions did not support their initiation;
while in sections where suitable conditions already ex-
isted at that time, rockfalls did not occur.

The majority of rockfalls were observed in several
sections along the steep slopes of the Tzirorema, Karve-
liotiko and Xerilas streams, the Nedon River as well as
in the greater area of the Elaeochori, Karveli and Ladas
villages [Mariolakos et al. 1986, 1992, Fountoulis 2004]
(Figures 3, 5e,f). Rockfalls were observed during the main
shock (September 13, 1986) and during the strongest af-
tershock (September 15, 1986), for example in the greater
area of Elaeochori, Karveli and Ladas villages (Figure 3)
and so on, while in other areas rockfalls were observed
only during the strongest aftershock (September 15,
1986), for example in the area of Tzirorema [Mario-
lakos et al. 1986, 1992, Fountoulis 2004] (Figure 3).

The largest percentage of rockfalls was observed
in areas where the average morphological slope is
greater than 50 percent. But this is not the rule as rock-
falls were also observed in areas, where the average
morphological slope was less than 50 percent (Figure
3). Itis worth mentioning that movement or even over-
turning of relatively large blocks was observed in iso-
lated cases (e.g. a limestone block with dimensions
60 X 40 X 30 cm), even in nearly horizontal relief with
morphological dip ranging from 0 to 10 percent. This
was observed in the greater area of Elaeochori and
more specifically by the side of the road from Kalamata
to Elaeochori consisting of Tripolis limestones [Mario-
lakos et al. 1986].

From field observations made on the southeastern
slope of the Tzirorema stream, it can be said that the
geographical distribution of rockfalls can be related to
the fracture frequency in the fractured zones and to the
normal fault zones, which were reactivated in the area
in a NW direction [Mariolakos et al. 1992]. It is impor-
tant to note that at the northern side of the Tzirorema
gorge, although suitable conditions already existed
(similarly inclined beds and slopes etc.), rockfalls were
significantly few. Rockfalls observed along the slopes of
the Xerilas stream were triggered by the seismic frac-
tures of the area, which were the main reason of frac-
turing and fragmentation of the rocks.

It is significant that no rockfalls were generated
along the Kalathion Mt horst (Figure 3), despite the fact
that suitable conditions prevail in the scree and along
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Figure 5. Earthquake environmental effects induced by the September 13, 1986, Kalamata earthquake. (a) Panoramic view of the Elaeochori
village. The two untouched old houses in the almost total destroyed Elaeochori village are still standing in the western part of the village
(in the green dashed frame). Faults are observed in the western (right) and the eastern (left) part of the photo forming a graben (ticks on the
hanging-wall block). (b) Fault reactivated by the September 13, 1986, Kalamata earthquake in the eastern part of the village (ticks on the hang-
ing-wall block). (c) Seismic fractures with 2 m length, 15 cm width and depth of over 1 m and (d) seismic fractures with 3 m length, 10 cm
width and depth of over 1 m observed in the activated Dimiova-Perivolakia graben (e, f) Landslides induced in the area of the Ladas village.

the steep slopes. According to Mariolakos et al. [1986]
and Fountoulis [2004], this fact is related to the lack of
reactivation of fault zones in the area. Therefore, Mar-
iolakos et al. [1986] made use of the terms “seismic
rockfalls” and “seismic scree”, depending on the size of
the material.

Nearly everywhere the rockfalls were related to
the reactivation of active faults and the presence of tec-
tonic zones causing reduction of rock consistency.
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Therefore, the intense relief and the geometry of tec-
tonic discontinuities acted only supplementary to the
generation of rockfalls.

Based on the aforementioned rockfalls data [Mar-
iolakos et al. 1986, 1992, Fountoulis and Grivas 1989,
Fountoulis 2004] and the ESI 2007 guidelines [Michetti
et al. 2007], a Vg, .-, intensity was assigned to rock-
falls because of their volume, which was smaller than
10° m? (Figure 4).
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6.5. Hydrological anomalies

For a few hours after the main shock turbidity was
reported in the water of the springs that are located
north of Kalamata and supply the city with water (Aris
River source located in the Pidima village, Figure 3) as
well as in the spring water from the Karveli village [EI-
nashai and Pilakoutas 1986] (Figure 3). Therefore, the
assigned intensity for this region is VI, (Figure 4).

Springs in the Elaeochori village and in places
higher up showed increased yield, while springs lower
down the mountain side dried up (Figure 3) [Elnashai
and Pilakoutas 1986]. At the Perivolakia village, the
spring located on the contact between limestones and
flysh (Figure 3), stopped flowing for two hours after the
earthquake and began to flow again with increased dis-
charge. Therefore, the estimated intensity for the
Elaeochori and the Perivolakia villages and the area ex-
tended south-southwestwards is VIl , .- (Figure 4).

6.6. Liquefaction

At the time of the earthquake the ground water in
Kalamata was at its lowest annual level. The short du-
ration of the shock and the low number of load cycles
to which the soil was subjected was insufficient for any
significant pore-water pressure build-up and hence no
changes in the ground level or any signs of ground fail-
ures induced by liquefaction was reported or seen [El-
nashai and Pilakoutas 1986].

For the same meizoseismal area of the June 10,
1846, earthquake, Galanopoulos [1947] reported that
“near the village of Mpaliaga [located north of the
Messini town and west of Aris River] soil ruptures were
observed from which water and sand were released
forming a small lake. Near the Mikromani village [Fig-
ure 3] soil ruptures were observed that had a width of
nearly 3-5 cm with sand cones that had a width of
nearly 10 cm. From the openings of these cones, fluid
materials were released. Next to the banks of the river
Pamissos the ruptures were of greater width and partly
filled by mud...”. From this description it can be con-
cluded that the observed phenomenon was liquefac-
tion, something that was not recorded during the
September 13, 1986, Kalamata earthquake [Mariolakos
et al. 1986, Fountoulis 2004].

7. Structures, structural damage and EMS-98 intensi-
ties for the September 13, 1986, Kalamata earthquake

7.1. Types of structures

Gazetas et al. [1990] studied the local-soil and
source-mechanism effects in the 1986 Kalamata earth-
quake, focused on the distribution of damage within
the Kalamata city and came up with the following con-
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clusions for the dominant structural types observed in
the city and the surrounding areas:

(i) The first dominant type of structures includes
three- to seven-storey reinforced-concrete (R/C) frame-
and-shear-wall buildings with thick brick partition walls
presented in all but the ground floor, which is left open
for various uses. These buildings were constructed ac-
cording to the Greek Seismic Code that was imple-
mented in 1959 with subsequent revisions and
upgrades. Much of the heavy damage to such buildings
included failure of the ground floor columns [Anag-
nostopoulos et al. 1987, Fardis 1987, Elnashai et al.
1988]. This type of damage was attributed to the com-
bination of the discontinuity in the vertical direction
with the inadvertently resulting “weak-column strong-
beam” design proved to be extremely vulnerable to
ground shaking [Anagnostopoulos et al. 1987, Fardis
1987, Elnashai et al. 1988].

(ii) The second dominant structural type includes
one- to three-storey brick or stone masonry bearing
wall buildings built mainly before the first Greek Seis-
mic Code. They experienced severe damage, depend-
ing mainly on their construction quality.

7.2. Structural damage, EMS-98 intensities and factors
affecting the damage distribution

Based on Griinthal [1998], EMS-98 intensities were
assigned to each of the localities damaged by the earth-
quake and an intensity map was constructed based on
the EMS-98 intensities depicting the spatial distribution
of the damage (Figure 6).

The maximum EMS-98 intensity obtained for the
earthquake affected area is IX ;) 1 o and is assigned to the
Kalamata city and the Elaeochori and the Kato Karveli
villages (Figure 6). In the Kalamata city, three 5-storey
buildings and one 4-storey collapsed (Figure 7). Out of a
total of 9124 buildings, 20 percent were demolished, 16
percent underwent serious damage, 36 percent suffered
minor damage and only 28 percent suffered no damage
at all (http:/ /www.oasp.gr/node/672).

The geological basement on which the various
constructions were founded varies. Kalamata has a
basement that is composed of coastal, loose riverbed
deposits (gravel, sand, clay etc.), or red siliceous clastic
formations that are relatively more consolidated than
those previously mentioned, or marls, sandstones, con-
glomerates, sediments even more consolidated than
those previously mentioned, of Pliocene-Pleistocene
age, or even alpine basement [Mariolakos et al. 1986].

Low-rise and stiff structures suffered the most in
the Kalamata suburb of Fares (Giannitsanika) (IXp) ;g og)
(Figure 6), where 80 percent of the structures experi-
enced significant damage, i.e. they collapsed during the
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Figure 6. Geological map depicting the seismic intensities derived from the application of the EMS-98 scale to the September 13, 1986, Kala-
mata earthquake and their correlation with the neotectonic structures and the active fault zones of the study area (NFZ: Nedon fault zone,
KKVFZ: Kato Karveli-Venitsa fault zone, AFZ: Arachova fault zone, XFZ: Xerilas fault zone).

earthquake, or were demolished afterwards, or required
extensive post-earthquake structural repairs [Elnashai
and Pilakoutas 1986, Gazetas et al. 1990]. Almost equally
extensive was the damage in the old town (75 percent)
and slightly less in the central part of the city (60 per-
cent) [Elnashai and Pilakoutas 1986, Gazetas et al.
1990]. However, only 15 percent of the buildings were
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damaged in the coastal area near the harbor and an
even smaller percentage in the thinly populated coast
west of the Nedon River bed [Elnashai and Pilakoutas
1986, Gazetas et al. 1990].

The pattern of damage distribution among 22
churches (several of which were a few centuries old) is
fairly consistent with that in the stiff buildings. Thus,
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two of the three contemporary churches in Giannit-
sanika collapsed; old and new churches in the old town
were either very seriously damaged or partially col-
lapsed, while only a few easily repairable cracks in the
bell-towers were observed in the three churches of the
coastal area [Gazetas et al. 1990].

The Elaeochori village (IXp;,405) (Figure 6), lo-
cated further east of Kalamata, was one of the most
damaged villages, as almost all buildings were collapsed
or suffered severe damage. It is founded on the mar-
ginal fault zone (Xerilas fault zone; XFZ) between the
Kalathion Mt horst to the south and the Dimiova-Periv-
olakia graben to the north (Figures 4, 5). A number of
parallel E-W striking big faults in en echelon arrange-
ment constitute the fault zone (Figure 4). It is a typical
scissor fault zone and the vertical throw is zero at its
eastern part and increases towards west. At the west-
ern part of the fault zone the total throw is more than
2000 m [Mariolakos et al. 1986, 1989]. Almost all build-
ings were founded on the thick-bedded or non-bedded
neritic Cretaceous-Eocene carbonates of Tripolis unit,
the thickness of which is more than 1000 m [Mariolakos
etal. 1986].

Out of a total of 120 buildings of the Elaeochori
village, only three were untouched by the earthquake
while two of them were among the oldest buildings of
the village. These buildings are the best example to
study the crucial role of the reactivation of specific
faults and/ or fractures on the damage distribution. Both
have been built on an E-W striking fault surface, which
constitutes the contact between the neritic carbonates
and the flysch sediments of the Tripolis unit (Figures 5a,
7d). This fact is very impressive and can be explained if
somebody takes into account the type of the fault sur-
face, asitis a typical alpine inactive fault surface and the
buildings have been founded on the solid rock mass. So,
despite the fact that (a) the two buildings were among
the oldest ones, and (b) the morphological slope in this
site is relatively steep, none of these buildings suffered
any damage (Figure 7). Thus, Mariolakos and Foun-
toulis [1998] pointed out that damage in the Elaeochori
was mainly due to fault and fracture reactivation as well
as to the creation of new features. These faults and frac-
tures were the main active factors for causing damage,
contrary to other ones (inactive discontinuities, steep
slopes, etc.), which played a secondary passive role. The
density, the geometrical and kinematic characteristics
of these active tectonic discontinuities defined the be-
havior of the rock-mass during this earthquake.

In the Kato Karveli village (IXp;, 4 o¢) (Figure 6) lo-
cated 6 km northeast of the Kalamata city, out of 44
masonry buildings, 20 collapsed and the others were
damaged.
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A VI 608
prochoma and Perivolakia villages (Figure 6). The
Laeika village is located 3 km northwest of the Kala-
mata city (Figure 6). Most of the old masonry buildings

value is assigned to the Laeika, As-

suffered damage and the R/C buildings suffered non-
structural damage. In the Asprochoma village located 3
km west of the Kalamata, R/C and masonry buildings
suffered moderate non-structural damage. The Periv-
olakia village is located about 6 km east of the Kala-
mata (Figure 6). Out of 65 masonry buildings, 15 to 20
were heavily damaged, while no damage was observed
to the only five R/C buildings, which were habitable.

The Karveli village is located 10 km northeast of
the Kalamata city (Figure 6). Out of 114 mostly old ma-
sonry buildings, 3 collapsed. A VIl ¢ o0
signed to the Karveli village (Figure 6).

A VI, s o Value is assigned to the west of the ac-
tive Nedon fault zone (NFZ) (Figure 6), where
Messene, Ano Ampheia, Kato Ampheia, Epia, Anthia
and Aithaia villages occur, and to the south of the active

value is as-

Xerilas fault zone (XFZ), where Kato Verga, Almyro,
Mantinia and Ano Verga villages occur (Figure 6). In
Messene, some cracks were observed in masonry build-
ings, while no damage was observed to the R/C build-
ings. In the Ano Ampheia, Kato Ampheia, Epia, Anthia
and Aithaia villages located 8-12 km northwest of Kala-
mata, some cracks were observed on few corners of
masonry buildings, but no damage to R/C buildings.
In Kato and Ano Verga located 6-8 km southeast of
Kalamata, old masonry buildings suffered damage but
no damage to R/C buildings was reported at all.

In the Nedoussa village (VII, s o) (Figure 6), lo-
cated 16 km northeast of Kamalata, few collapses and
heavy damage occurred in old masonry and adobe
buildings. Some chimneys had been knocked off. The
church and the Mardaki monastery were destroyed.

It is worth mentioning that during the earthquakes
of 1944, damage was recorded in the Kato Verga, the Ano
Verga and the Kambos villages, while no damage was
recorded in the Kalamata city and the Elaeochori village
[Papazachos and Papazachou 2003]. Similar conditions
have been observed during past earthquakes. The earth-
quake that took place on June 10, 1846, which was of
great macroseismic intensity and was felt in Asia Minor,
destroyed many villages in Messinia and especially
Messene, Mikromani and Aris among others located
west of the Nedon River (Figure 3), while in Kalamata
only a few houses collapsed [Galanopoulos 1947].

From field observations that have taken place, it
seems that damage was not determined only from the
age, type, height and other characteristics of the build-
ings. For example, there were cases where of two
nearly identical constructions in the same area, one re-
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Figure 7. Characteristic structural damage caused by the September 13, 1986, Kalamata earthquake. The earthquake caused considerable
damage to stone masonry buildings and churches including cracking (a, b), partial collapse of walls or total collapse of the building (c - ma-
sonry church in the Kalamata city). (d) Two old houses in the almost total destroyed Elaeochori village remained untouched by the earth-
quake. They have been built on an old E-W striking inactive fault surface forming the contact of the neritic carbonates and the flysch
sediments of the Tripolis unit, but on a solid rock mass (neritic carbonates). (e, f) Multi-storey R/C buildings in Kalamata (IXp;, s o) suffered

considerable damage and four of them collapsed.

mained intact while the other was destroyed.

During the September 1986 Kalamata seismic ac-
tivity, old constructions such as the historical monastery
of Mardaki near the Nedoussa village, which dated back
to the 18th century, and the monastery of Velanidia
north of Kalamata were nearly destroyed. Of course
there is no detailed data for damage that previous earth-
quakes have caused to historical buildings and as a re-
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sult it is not possible to extract relevant conclusions.

In many other cases the building destruction was
attributed to zones of seismic fracturing that were ob-
served in the construction basement. Of course, this
was not the rule. For example, no surface fracturing was
observed in the area of the old Municipality Flea Market
of the Kalamata city, where the main and surrounding
buildings were damaged or destroyed (e.g. the temple



FOUNTOULIS AND MAVROULIS

of Agioi Apostoloi). On the other hand, in the Fares (Gi-
annitsanika) area, where surface fracturing was ob-
served, damage also occurred, while where no surface
fracturing existed no damage occurred. Furthermore,
at the Kalamata beach, the damage was minor in spite
of the poor founding conditions (loose gravel, sand,
high water table). However, exceptions still exist. Seis-
mic fracturing must have been created during previous
earthquakes in areas where damage occurred, but they
were not recorded except in special cases such as the
above mentioned earthquake of the June 10, 1846.

8. Discussion and conclusions

The effects induced by the September 13, 1986,
Kalamata earthquake on the natural environment are
characterized as a widespread source of considerable
hazard and become important for seismic intensity as-
sessment.

The small (of the order of a few cm) but statisti-
cally significant subsidence of the area east and north-
east of the Kalamata city derived from first-order
leveling traverses [Stiros and Kontogianni 2008] is asso-
ciated with the September 13, 1986, Kalamata earth-
quake, since this earthquake was the only significant
event, which could have produced such a vertical
crustal deformation in the study area. Moreover, other
reasons responsible for vertical crustal deformation in
an earthquake affected area, such as coastal subsidence
or uplift, contamination of computed height differ-
ences by systematic, mainly refraction, errors and local
ground subsidence or consolidation of recent sedi-
ments, were rejected [Stiros and Kontogianni 2008].

The seismic faults were strongly related to the ac-
tive fault zones of the study area. They were created
along the active Xerilas, Nedon, Kato Karveli-Venitsa
and Arachova fault zones that bound the activated
Dimiova-Perivolakia graben. The observed seismic
fractures were induced by the ground shaking. They
were not directly linked to the earthquake energy and
in particular to the surface expression of the seismo-
genic source.

Rockfalls did not occur in all areas characterized
by suitable and favorable conditions for the generation
of slope movements (broken brecciated rock mass, suit-
able geometry of discontinuities, steep slopes etc.).
They were observed in the neotectonic graben that was
activated by the earthquake and also north and north-
west of it. They were due to the intense and multiple
fracturing and the intense tectonic deformation along
the reactivated faults resulting in a dense net of dis-
continuities and sectors of decreased cohesion and for-
mations loosening. They were also attributed to the
additional instantaneous shear stress than the earth-
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quake enforced on the stress field of the area. On the
contrary, no rockfalls were observed on brecciated rock
mass on steep slopes belonging to a neotectonic
macrostructure (Kalathion Mt horst), which was not
activated by the earthquake.

Hydrological anomalies, including changes in
water discharge of springs and spring water turbidity,
were temporary and of local character.

The maximum ESI 2007 intensity value has been
evaluated as IX. It is almost totally assigned to specific
locations mainly and strongly related to the presence
of active faults and fault zones, the reactivation of faults
and the intense morphology and the steep slopes (mor-
phological slope >50%) observed east of, and along, the
active Nedon fault zone (Figure 4). More specifically,
these locations are: (a) the area of the Elaeochori vil-
lage, where the active E-W striking Xerilas fault zone
is located, bounding the southern margin of the acti-
vated Dimiova-Perivolakia graben, (b) the area of the
Perivolakia and the Kato Karveli villages, where the ac-
tive NW-SE striking Kato Karveli-Venitsa fault zone is
located, bounding the northern margin of the active
Dimiova-Perivolakia graben and (c) the area between
and west of the Karveli and Ladas villages, where the
reactivation of faults generated many rockfalls.

Intensity [Xq ,,7 18 also assigned for the strongest
aftershock (September 15, 1986, Ms=5.4) based on re-
activation of faults and rockfalls observed in the area
around the Tzirorema gorge developed along the NE-
SW trending part of Tzirorema River with steep slopes
(>50%) and rugged morphology.

The spatial distribution of structural damage
caused by the September 13, 1986, Kalamata earth-
quake was non-uniform, selective and limited to an area
of triangular shape, which is the Dimiova-Perivolakia
graben, neotectonically defined to the south by the ac-
tive Xerilas fault zone, to the east by the active Ara-
chova fault zone and to the west by the active Nedon
fault zone (Figure 2b) and it can also be regarded as a
transitional area between the Kalamata-Kyparissia neo-
tectonic basin and the neotectonic horsts of Aspro-
choma-Koutalas to the north and the Kalathion Mt to
the south. On the contrary, in the Messene (VI /g oo)
and the Verga (VI ¢ o,) areas, damage of that size
were not observed because these areas belong to dif-
ferent neotectonic macrostructures (Kato Messinia
basin and Kalathio Mt horst respectively) (Figure 2b)
that were not reactivated during the 1986 Kalamata
earthquake sequence.

Different EMS-98 intensities are observed between
villages located at the western part of the study area

(Figure 6). In particular, intensity VI is assigned

EMS-98
to the villages located at the western part of the study
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area (Thouria, Aithaia, Epia, Anthia, Kato Ampheia,
Ano Ampbheia), while intensity VIII, g o, is assigned to
the villages located southwest of it and particularly the
Laeika and the Asprochoma villages (Figure 6). The
first are founded on Pliocene marine formations con-
sisting of conglomerates in the lower beds and marls in
the upper beds, while the latter on old Pleistocene talus
cones consisting of conglomerates and breccia in a red
siliceous material [Mariolakos et al. 1986, Psonis 1986].
From the type and the distribution of EEE, it is also
concluded that reactivation of faults was observed in
the Laeika-Asprochoma area, while in the other area no
significant EEE were induced by the September 13,
1986, Kalamata earthquake (Figure 3). Thus, this dif-
ference in the seismic intensities could be attributed to
the geotechnical differences of geological formations
of each region as well as to the reactivation of faults
observed in the Laeika-Asprochoma area.

From the abovementioned spatial distribution of
structural damage, it is concluded that areas belonging
to neotectonic macrostructures and mainly to the mar-
ginal active fault zones are not suitable for construction
foundation as the frequency and the density of the tec-
tonic discontinuities should be great compared to other
areas. They greatly influence the physical and mechan-
ical characteristics of the rock-mass and most of them
have the characteristics of active ones and it is most
likely expected to be reactivated by a future earthquake.
The Elaeochori and the Kato Karveli villages as well as
the Kalamata city, where the Xy ¢ g
signed, are built on such zones. The Elaeochori village
for example has been built close to the active Xerilas

value was as-

fault zone (XFZ), which bounds the southern margin
of the activated Dimiova-Perivolakia graben. The Kato
Karveli village is founded close to the active Kato
Karveli-Venitsa fault zone (KKVEZ). The city of Kala-
mata has been built at the crossing of the prolongation
of two such big active fault zones, namely the Xerilas
and the Nedon fault zones.

From the comparison of the EMS-98 seismic in-
tensities with the seismic intensities reported by El-
nashai et al. [1987], Gazetas et al. [1990] and Leventakis
et al. [1992], it is concluded that the maximum seismic
intensity IX derived from the application of the EMS-98
scale to the September 13 Kalamata earthquake is in
agreement with the VIII+ seismic intensity on the IMM
or EMS 1992 scale reported by Elnashai et al. [1987] and
Gazetas et al. [1990]. Moreover, the intensity IX
for the city of Kalamata and the intensity IXp, c oq
the Fares area in its eastern part are also in agreement
with the intensity IX-X assigned to the Kalamata city
and reported by Leventakis et al. [1992].

Based on the application of both ESI 2007 and

EMS-98
for
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EMS-98 scales in the September 13, 1986, Kalamata
earthquake, it is concluded that they both fit in with the
neotectonic regime of the area. This is due to the fact
that the maximum seismic intensity values are observed
within the Dimiova-Perivolakia graben activated by the
earthquake and are assigned to sites located close to the
active marginal fault zones defining the boundaries of
this structure and reactivated faults of the study area.

Seismic intensities based on the EMS-98 scale were
assigned to settlements located: (a) within the activated
Dimiova-Perivolakia graben, (b) in the southern coastal
and hilly part of the affected area west of the Kalathion
Mt horst, which was not reactivated, and (c) in the east-
ern lowland part of the Kato Messinia basin, particu-
larly in the area of the Messene, Thouria and Ampheia
villages (Figure 6).

Seismic intensities based on the EEE and the ESI
2007 scale were assigned not only in the above men-
tioned sites but also in different sparsely populated sec-
tions of the affected area. These sections are located
north of the activated Dimiova-Perivolakia graben and
around the active E-W trending Xerilas River (Figure
4), where no settlements exist and consequently no
structural damage occurred, but considerable EEE
were observed.

From the abovementioned, it becomes apparent
that the ESI 2007 scale worked towards reducing dis-
crepancies between the EEE and the damage pattern as
it complemented the damage-based EMS-98 seismic in-
tensities by evaluating seismic intensity solely from the
EEE without the influence by human parameters such
as effects on humans and the manmade environment.
Thus, the integration of ESI 2007 scale with the EMS-
98 scale provided a completed picture of the strength
and the effects of the September 13, 1986, Kalamata
earthquake on the natural and the manmade environ-
ment of the affected area. Moreover, it contributed to a
better picture of the earthquake scenario and repre-
sents a useful and reliable tool for the seismic hazard
assessment, the prevention including mitigation strate-
gies, community preparedness and response planning
as well as the management of a future event of similar
or larger magnitude.

Furthermore, the application of the ESI 2007 scale
to the September 13, 1986, Kalamata earthquake con-
tributes to the enlargement of the EEE dataset from
earthquakes of the western part of the Peloponnese and
the comparison of not only earthquakes of different tec-
tonic settings, but also future, recent and historical
events that are already known to have taken place in the
SW Peloponnese. Hence, the use of the ESI 2007 scale
and the EEE for seismic intensities assignments offers
higher spatial resolution and coverage as well as expan-
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sion of the time window for seismic hazard assessment
up to tens of thousands of years in order to reduce the
uncertainty implied in the attenuation laws and eventu-
ally in the seismic hazard maps and compile an ESI 2007
intensity attenuation relationship, which should be one
of the future goals for seismic hazard assessment.
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