Preliminary Observations of the January 8, 2006 Kythira Island
(South Western Greece) Earthquake (Mw 6.9).
Following the earthquake of January 8 2006, EERI members Dr. E. Lekkas,
Professor of Dynamic Tectonics and Applied Geology and Dr. G. Danamos
Researcher at the Department of Geology and Geoenvironment of the National
and Kapodistrian University of Athens, conducted field work in the area of Kythira
recording the effects of the seismic event.
1.INTRODUCTION
On the 8th of January 2006, 13:34 local time a strong earthquake with magnitude
6.9R affected the area of Kythira (Fig. 1) and the region of Hania in Western
Crete. The earthquake was felt throughout Greece and at 9 countries of the
Eastern Mediterranean, from the region of Southern Italy and Dalmatic coasts, to
the regions of eastern Turkey and Jordan, Fyrom and Boulgaria region and finally
Egypt and Cyrenaean in the northeastern Africa.
The earthquake epicenter was located in the sea region east of the island of
Kythira (36◦ 20’ N, 23◦ 20’E) with focal depth estimated at 70 km (USGS). The
main earthquake was followed by a small number of aftershocks (16) with
maximum magnitude of Mw 5.5 recorded during the following three days (Fig. 2,
Fig.3). No casualties were reported and only damages to infrastructure in the
area of Kythira, Antikythira and the city of Hania in western Crete were recorded.
SEISMOTECTONIC SETTING
The main earthquake and the aftershocks are directly related to the active
subduction zone that is located in the Hellenic Arc region, along which the
Aegean crust that represents the southern part of the European plate (Fig 4) is
moving towards the southwest at 40-60 mm/yr and is colliding with the African
tectonic plate which is subducting under the European plate (Fig 1).
However, the relative movements recorded on the rest of the Hellenic arc in
relation to the African plate have created active fault zones that have a vertical
orientation in relation to the subduction zone (LIBERIS et al, 1982). These zones
are interrupting the continuation and represent great active structures, parallel to
the transform faults, in which most of the arc motion is released at the eastern
section along length of the Pliny and Strabo trench. The convergent motion
between Aegean and African plates along the southwestern section of the arc
where Kythira and the epicenter area are located is represented by a fracture
zone that is vertical to the boundary of the two plates (Fig.1).

It is worth noticing that the triggering mechanism of the main earthquake and the
aftershocks can be attributed to a strike slip fracture along one of those vertically
orientated structures and is indicative of the epicenter region to the east of
Kythira at 70 km depth.
In this section of the arc a seismic gap is located, given that the last great
earthquake that affected the island of Kythira was recorded on the 11th of August
1903. It is important to mention that the earthquake had a magnitude of Mw 7.9 –
8 R, had originated in the same focal region and had caused damages to the
Mitata village of Kythira as the recent earthquake had.
One of the oldest strong earthquakes recorded are also those of 1750 (27th of
May) with estimated magnitude of 7R, in 1798 (18th of June) estimated at 6.7 R
and in 1866 that was followed by a tsunami.
GEOLOGICAL STRUCTURE OF KYTHIRA
The island of Kythira presents a complex geological structure, a result of the
geotectonic evolution of the active Hellenic arc in the greater area. The alpine
structure of Kythira is dated as 15 – 13 million yrs old, and comprises of three
sequential alpine tectonic nappes. The lower alpine structure is composed of
metamorphic rocks and is considered as the autochthonous unit while the upper
two units have a sedimentary character (DANAMOS, 1992).
At the top of the sequence, a younger post alpine formation is deposited that is
strongly affected by normal faults with a dominant NNW-SSE trend (Fig. 5).
These faults have affected the upper two tectonic nappes forming blocks that
slide over the metamorphic basement forming grabens and horsts.
(PAPANIKOLAOU & DANAMOS 1991). Recent deposits (between 13 and 2
million yrs) have been deposited in those grabens composed mainly of river and
terrestrial deposits followed by marine post alpine sediments originated at the
central part of the island (Fig. 5).
A rather interesting feature is that the village of Mitata, where the most extended
damages were recorded, is founded on such sediments and more specifically at
the boundary between the post alpine basin and the alpine basement in the
central part of the island with a general NW-SE trend (Fig. 5).
Despite the large magnitude of the earthquake none of the active fault surfaces
within the basin limits was activated, although in most cases such activations are
observed in large post alpine surfaces with clear front and smooth surfaces that
contain striation lines.

In Mitata area these active surfaces acted as reflection surfaces of the seismic
waves (basin effect phenomenon) which explain the restriction of the damages to
the vicinity of the Mitata village.
MACROSCALE EFFECTS
The damages recorded on the island of Kythira are located in the central part of
the island mainly at Mitata village, while damages in other villages were
negligible. More specifically, minor fractures were recorded on the outer walls of
buildings and constructions in Potamos, Hora, Livadi and Kapsali villages. The
total of the damaged constructions exceeds 100. However, in the rest of the
island the consequences are considered as limited.
Also, some damages were observed at the city of Hania, western Crete, located
150 km southeast of the epicenter. The damages were limited to old
constructions and historical buildings along the coastline.
MITATA VILLAGE EFFECTS
As mention earlier, the greater damages caused by the earthquake of the 8th of
January 2006 are located strictly at Mitata village. However, it must be mentioned
that modern buildings that included reinforced concrete columns underwent no
damage, not even on the wall surfaces.
On the contrary, serious damages were recorded in constructions made of stone
masonry (Fig. 6, Fig. 7, Fig. 8). The most characteristic damages were recorded
on the church at the centre of the village. The church is constructed with porous
limestone blocks cemented with lime wash without reinforced concrete columns.
Intense damages were recorded at the two bell towers since: (i) they represent
constructions that were added to the main building in a later phase than the main
construction phase of the temple and (ii) the different height and volume led to
the domination of different vibration periodicity resulting to the detachment of the
two sections (Fig. 9).
It must be noted that the fracturing on the bell towers walls indicate motion
towards the southwest, an expected result based on the location of the epicenter
to the NE of the island and by the geological condition in the area of Mitata
village. (Fig. 10, Fig. 11, Fig. 12).
Complete collapse was recorded in sections of old houses that were made of
plain stone masonry. Also collapses were recorded to stone fences that were
also made of plain stone masonry and no supporting matrix.
The most significant damages were recorded in the village’s central square
where the metropolitan church is founded. More specifically, most damages were

concentrated along the morphological boundary at the end of the main square
and along the road that leads to Viaradika. Moreover, a number of landslides
along the morphological discontinuity were noted due to the steep morphological
dip and the nature of the foundation ground that is composed of unconsolidated
weathered material (sand, marls, unconsolidated sandstone) (Fig. 13).
EVALUATION OF THE DAMAGES AT MITATA
Based on the aforementioned data we can suggest that the cause of the
accumulated damages observed in certain sections in Mitata village could be
attributed:
(i)

(ii)

(iii)

to the intense morphological discontinuities that dominate the region
and especially to the great morphological dips observed along the hill
were the village is founded. Moreover, the seismic activity effects were
intensified dramatically at the zones near the morphological
discontinuities similarly to other recorded cases (LEKKAS, 2000,
ASSIMAKI et al, 2005).
To the nature of the foundation ground which corresponds to
unconsolidated and eroded sands and earth with low mechanical
indices. The unconsolidated materials in combination with the great
morphological dip and instability that was expected due to water
drainage favored the formation of discontinuities and such process was
accelerated by the earthquake event.
To the basin effects (LEKKAS 2000) that developed in the village
region based on the fact the Mitata village is founded on post alpine
mostly unconsolidated deposits located at the boundary of the
neotectonic basin with the alpine rocky basement.

SECONDARY GEODYNAMIC EFFECTS
The secondary geodynamic effects triggered by the main earthquake include
rockfalls and landslides on the local road network. The most impressive landslide
is located at the Mitata village square with a collapsing volume that is estimated
to approximately 5.000 m3 (Fig.14).
The landslide mass was detached from a height of 150m at the upper section of
the nearly vertical slope that increased gradually towards the top to dip values of
100%. The mass is composed of marly limestone, multi-fractured calcareous
sandstone with nearly vertical discontinuities (Fig. 15). At locations these
formations are undonsolidated and intensely eroded. The seismic event caused
the detachment of large masses of rock with an approximate volume up to 500m3
each. These volumes of rock covered a distance of approximately 100m and

were accumulated at the base of the slope, at the road between Mitata village
and Viaradika village (Fig. 16, Fig 17).
As a consequence of the landslide on the upper section of the slope, a section of
the Mitata village square was detached. At the base of the slope a section of the
road Mitata – Biaradika was damaged.
Moreover, a few rockfalls were observed on the slopes by the road from Livadi to
Ag. Elesas (southern Kythira), the road from the Airport to Diakofti and the road
from Livadi to Kalokairina and Myrtidia.
At most locations the rocky formations were intensely fractured while the
discontinuities on the rockmass were parallel to the slope orientation. Much more
limited rockfalls were recorded towards the southeastern section of the island in
the area of Fyri Ammos despite the fact that the slopes dip exceeds 100% and
the geological formations are intensely fractured. Finally, it must be mentioned
that no activation of the major active fault zones of Kythira was recorded. The
only record is ground ruptures caused by lateral instability of the formations near
morphological discontinuities (Fig. 18). It is worth noticing that along the coastal
areas of the island that unconsolidated formations dominate, no ground
liquidation phenomena were recorded.
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Fig.1. Location and tectonic setting of the January 8th 2006 Kythira earthquake.

Fig.2. Time distribution of the epicenters and magnitudes in the greater area east of Kythira.
The general NE – SW trend of the epicenters is noted.

Fig.3. Fault plane solutions of the main plane shock at Kythira earthquake, as estimated by
various research stations.

Fig.4. Location of the January 8th 2006 earthquake epicenter which in combination with the
generation mechanism shows that the earthquake originated on a fracture zone located vertically
to the Hellenic arc due to the variable subduction rate of the African plate under the European.

Fig.5. Geological maps of the island of Kythira (DANAMOS, 1992). The alpine and post alpine
formations are located at the basin in the central part of the island (arrow). The location of the
Mitata village where the majority of the damages occurred is noted on the map.

Fig.6. View of an old stone masonry construction, Mitata village.

Fig.7. Stone masonry house partial collapse, Mitata village.

Fig.8. Stone masonry arch-shaped construction element collapse located at the centre of Mitata
village.

Fig.9. Views of the Mitata village church before and after the earthquake. The damages on both
bell towers are visible.

Fig.10. Views of the Mitata village church and the failures on the bell tower. Diagonal end to end
fractures and movements of the upper section towards the SW are visible that are the result of
the earthquake epicenter located NE of the island.

Fig.11. Decorative marble parts of the icon screen inside the church indicative of a NE – SW
movement that resulted from the earthquake epicenter to the NE of the island.

Fig.12. End to end fractures on the church walls that developed vertically due to the existence of
the temple windows suggesting major horizontal movement.
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Fig.13. The distribution of damages in Mitata village. The most significant failures are located at a
zone near the morphological discontinuity that bounds the settlement towards the S-SW.

Fig.14. View of the Mitata village (photo taken from the south), before and after the damages
caused by the earthquake.

Fig.15. View of the overhanging rock masses composed of marly limestone and calcareous
sandstones before the earthquake. The vertical discontinuities on the rock mass are visible.

Fig.16. View of the landslide from the square of the Mitata village after the earthquake.

Fig.17. Views of rockfalls up to 300m3 in volume at the base of the slope. The rock masses
covered a distance of at least 70m.

Fig.18. Ground ruptures of a general NE–SW trend that developed at the upper part of the
slope within the limits of the settlement.

