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Abstract

We developed velocity models of the crust and sediments offshore south western Greece, between the
island of Zakynthos and Messinia. Using these velocity models and depth migrating the seismic data
we delineated the main faults and associated them with the tectonic processes of western Greece.
This active seismic experiment was essential for defining the limits between the continental domain
of western Greece and the oceanic one of the deep Ionian Sea.

We successfully linked the onshore with the offshore tectonics and for the first time it was possible
to understand how the main dextral fault systems of Cephalonia and Andravida are responsible for
the crustal deformation, and its link to the local seismicity. Most of the seismic activity is connected
to thrusting, due to crustal shortening or strike-slip faulting that follows the two main dextral wrench
faults of Cephalonia and Andravida. It was recognized that the back stop offshore western Pelo-
ponnese is floored by thinned continental crust of Preapulia and that the Hellenic Alpine napes do
not extend in the back stop domain.

Key words: crustal structure, Ionian Sea, Hellenides, Mediterranean Ridge.

1. Introduction

Aim of this study was to map the structure of sediments and crust between Zakynthos and Messinia,
southwestern Peloponnese. Particularly the Kiparissiakos gulf and the transition of the continental to
the oceanic domains were of special interest. Existing multi channel reflection seismic data, due to the
length of the streamer systems used, had never before successfully penetrated at crustal depths, and the
crustal thickness had never been uniquely defined (Kamberis et al., 1996; Kokinou et al., 2005). Fur-
thermore, it was our intention to map the main tectonic elements along the crustal models. By con-
necting the offshore with the onshore tectonic elements we wanted to follow the continuation of the
Alpine napes in the offshore. We also intended to locate the continent ocean transition in the offshore
and better understand the tectonisation of the backstop and its interaction with the Mediterranean Ridge.

To accomplish this task, we used 60 Ocean Bottom Seismographs (OBSs) and deployed them suc-
cessively along 5 seismic profiles south of the island of Zakynthos (Fig. 1). In the following we will
present the crustal results of this experimental effort and a tectonic map of the Kiparissiakos gulf and
the backstop to the west.

Δελτίο της Ελληνικής Γεωλογικής Εταιρίας, 2010 Bulletin of the Geological Society of Greece, 2010
Πρακτικά 12ου Διεθνούς Συνεδρίου Proceedings of the 12th International Congress
Πάτρα, Μάιος 2010 Patras, May, 2010 



2. Geological setting

The area of study is located along the western Peloponnese continental Margin, between the island of
Zakynthos to the north and the coast of Messinia peninsula to the south. This segment of the western
Hellenic margin is seismically very active (Makropoulos and Burton, 1981; Papazachos and Papazachou,
1997) deforming rapidly with many destructive earthquakes, landslides and a tremendous bathymetric
depression of approximately 5000 m in the Matapan basin. Isostasy is also disturbed, and as Makris
(1977) showed, at the Peloponnese-Ionian Sea transition the isostatic balance is under compensated.

Onshore western Peloponnese the outcrops of the Gavrovo, Ionian and Preapulia have been mapped
by Auboin and Decourt (1962). The Ionian zone is outcropping in the southeastern part of Zakyn-
thos island as intruded Triassic evaporites into Plio-Pleistocene deposits (Underhill, 1989), while pre-
Apulian limestones constitute most of the western half of the island. On Strophades island outcrops
of salty evaporites have been described as tectonically emplaced diapirs into Pliocene marls, and hy-
pothetically attributed to Messinian deposits (Lyberis and Bizon, 1981). Finally along the Pelopon-
nese coasts of Kyparissiakos gulf outcrops of the Ionian, Gavrovo and Pindos alpine units are known
together with continental, marine Pleistocene to Holocene deposits, truncated by E-W trending ex-
tensional active faults (Papanikolaou et al., 2007). Offshore only little information is available mainly
from seismological and seismic studies. Clement et al., (2000) have investigated the seismic struc-
ture of the intra-plate geometry between Cephalonia and Zakynthos. Monopolis and Bruneton (1982)
and, more recently, Papanikolaou et al., (2007) have studied the shallow geological structure of this
continental margin segment. Aubouin et al., (1976) and Le Pichon et al., (2002) have proposed con-
tinuity of the alpine units, and particularly of the Ionian thrusts, beneath most of the area. Pa-
panikolaou et al., (2007) have discussed the various rate of subsidence on the shelf area during
Pleistocene to Holocene times and tentatively evidenced a “so-called” coastal fault zone along the
Kiparissiakos gulf which they relate to a major change in paleo-geography during Pleistocene times.

3. The seismic experiment

We used 20 to 40 Ocean Bottom Seismographs (OBSs) and observed five 2D profiles in the Kiparis-
siakos gulf, southwestern Peloponnese, Greece (see Fig. 1).

Inline spacing of the OBSs was 3 to 5 km. Seismic energy was generated by shots fired every 125 m
from a tuned air gun array of 2960 cuin. Dominant frequency of the shots was 8 Hz. Data were eval-
uated by: first break tomography, layered tomography, two point ray tracing forward modeling and
depth migration of reflected and refracted arrivals.

Profile P1_2006

This NNW-SSE oriented profile produced important information on the E-W oriented fault systems.
It mapped the offshore continuation of several onshore faults of western Peloponnese. For the cor-
relation with the tectonic elements onshore we used three sources: the Seismotectonic map of IGME
(1989), Mariolakos et al. (1998) and Papanikolaou et al., (2007). The final velocity model with a tec-
tonic interpretation is presented in Figure 2. The Kiparissiakos basin is separated by a series of faults
in three sub basins, which are deforming by extension. The crust below the Basin is relatively thin,
approximately 22 km. Between OBS 0 and 1, east of Zakynthos, a major fault was identified sepa-
rating a thicker continental block to the north from a thinner one to the south. This major fault at the
northwestern flank of the Kiparissiakos basin is seismically active and may extend onshore, in the
area of Killini. To the south the Basin is terminated by another major normal fault located approxi-
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mately 5 km south of OBS 14 and it is the westwards continuation of the Kiparissiakos Fault Zone
(KFZ) (see Fig. 3). South of this fault the sedimentary sequences are dipping southwards and the
crust is thinned to approximately 21 km. 15 km south of OBS 14 we identified a normal fault dip-
ping northwards, which is the offshore continuation of the onshore mapped fault F-1FZ, north of Fil-
iatra (Mariolakos et al., 1998).

In the central part of the Profile, close to OBS 8, we have mapped an anticline with uplifted sedi-
ments deforming also the bathymetry. This anticline is the offshore extension of the Minthi moun-
tain. The normal faults defining the flanks of this anticline correlate with those mapped onshore.
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Fig. 1: Location of the five OBS seismic profiles offshore south western Peloponnese.

Fig. 2: Velocity Model of profile P1_2006 with tectonic interpretation.
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Fig. 3: Schematic cross section from Olympia basin to Kyparissia mountains, western Peloponnese (from
Papanikolaou et al., 2007)

Fig. 4: Velocity Model of profile P1_2007.

Fig. 5: Velocity Model of profile P2_2007.

Fig. 6: Depth Migrated seismic data of pro-
file 1_2007 superimposed with velocity in-
terfaces.
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Fig. 7: Depth Migrated seismic data of
profile P2_2007 superimposed with ve-
locity interfaces (b).

North of OBS 8 we mapped the offshore continuation of the Lapithas Fault Zone (LaFZ). This fault is
the southern flank of the Olympia basin. To the north the Basin is flanked by a normal fault dipping
southwards. The continuation of this fault offshore creates a rhombic shape basin, mapped by swath
bathymetry (Wardel and Mascle, personal communication, SEAHELLARC technical reports). Sig-
nificant seismic activity was mapped in this Basin at crustal and sub-crustal levels (Papoulia et al.,
2009). Seismicity and focal mechanisms indicate that it has developed by transtensional dextral wrench
faulting. We consider this system to be the offshore extension of the Andravida dextral strike slip fault.

Profiles P1_2007 & P2_2007

Both E-W profiles south of Zakynthos have mapped a major thrust, which is the western limit of the
Ionian zone of the Hellenic Alpine units to the Preapulia (Figs 4 and 5). Profile 2_2007 shows a sig-
nificant shift of the Ionian zone and Preapulia thrust to the west; this is due to the influence of the
dextral motion along the Andravida strike slip fault. The velocities of 5.6 km/s and 6.1 km/s are as-
signed to two different metamorphic limestones, an upper and a lower one, which, as we have also
seen in previously observed seismic data from the Zakynthos island (Makris and Papoulia, 2009),
are separated by evaporites of Triassic age (Nikolaou, personal communication).

In Figures 6 and 7 we present the depth migrated OBS data using the refraction migration technique
(Pilipenko and Makris, 1997). The basement geometry is very clearly mapped and it shows the
thrusting at the central part of the line and also the tectonized and shortened crustal geometry to the
west of the thrusting front. The superimposed interfaces of the velocity model show a good coinci-
dence between the migrated interfaces and those computed by ray tracing. The ray traced structures
however are significantly smoothed. The tectonic details and crustal deformation can only be re-
solved by a reliably applied migration procedure.

Profile P5_2006

Low velocity sediments of Vp values ranging between 2.2 km/s and 3.7 km/s thicken systemati-
cally from OBS position 4 to OBS position 19, that is from west to east (Fig. 8). This indicates a grad-
ual subsidence of the oceanic crust towards the collision front, at the Mediterranean Ridge. The
western limit of the continental backstop over thrusts the sediments of the Mediterranean Ridge.
The subduction of the oceanic slab at this limit is very clearly mapped, following the geometry of
the continental Moho. The continental crust thickness at the backstop area to approximately 16 km
and was mapped at a depth of 20 km. The oceanic slab below the continental crust was not directly
mapped and was assumed as a continuation of the identified oceanic crust below the deep Ionian Sea.
We could not resolve any sediments to be involved with the subduction.

The continental part of the profile is covered with thick sediments. We have again identified the exis-



tence of two high velocity limestone series separated by Triassic evaporites. The upper limestone is ter-
minated at OBS 30, where the uplifted and thrusted lower limestone of Preapulia is nearly exposed to
the sea floor. This part of the section coincides with the deepest part of the bathymetry of about 4000 m
water depth, and is part of the Hellenic Trench. The backstop area is covered by soft sediments with in-
creasing thickness to the west, deposited on the Preapulia limestone, and is strongly tectonized. The
upper limestones representing the Hellenic napes are terminated at the Preapulia thrust (OBS 30).

The migrated section, presented in Figure 9, is limited to the upper 14 km and is overlapped by the
velocity interfaces defined by the velocity model of Figure 8. The strongly tectonized upper crustal
units are also seen in the migration section. The structural elements mapped by both the velocity
modeling and the refraction migration is in good agreement. It is obvious that the eastern part of the
profile, to the east of the collision front, is very strongly tectonized by three major thrusts and sev-
eral normal faults. On the contrary the deep Ionian basin is fairly homogeneous and strong defor-
mation is only observed at the Mediterranean Ridge.

Profile P3_2007

At the western part of the profile, between OBS 341 and OBS 328, we have mapped two high ve-
locity limestone series again separated by the Triassic evaporites, as was identified in all previous
lines (Fig. 10). Two main thrusts were mapped in this area. The western one at OBS 335 is within
the Hellenic Alpine units and was correlated with the onshore structures of Messinia, specifically lim-
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Fig. 9: Depth migrated seismic data of profile 5_2006 superimposed with velocity interfaces.

Fig. 8: Velocity Model of profile P5_2006.



iting the Gavrovo zone to the east from the Ionian zone to the west. The second major thrust is lo-
cated at OBS 328. The lower limestone of Preapulia is nearly exposed to the surface and defines the
western limit of extension of the Hellenic napes. From this thrust front until OBS 303, which is
nearly at the western end of the profile, only one high velocity limestone has been identified. All this
area is considered to be the continental backstop. The Mediterranean Ridge is clearly marked to the
west of this location by a bathymetric uplift and change of the sedimentary structure. The transition
zone between the Mediterranean Ridge and the Preapulia backstop is deformed by intense frag-
mentation of the stretched continental crust of Preapulia and by thrusting of the high velocity lime-
stones over the soft sediments of the Mediterranean Ridge. The sediments at the backstop area
thicken from east to west. The thickest part of the post Preapulia sediments is identified below OBS
314 and is about 5 km. Vp velocity of the sediments ranges between 4.0 km/s and 4.85 km/s. We did
not follow the oceanic slab below the backstop because energy failed to penetrate below the conti-
nental Moho. The later was encountered at a depth of approximately 22 km.

We have again plotted the velocity discontinuities produced by the ray tracing modeling into the
depth migrated OBS arrivals of Figure 11. We present only the upper 15 km part of the section in
order to obtain a better resolution of the tectonic elements. Two main zones of significant thrusting
and crustal shortening were mapped. The eastern one, between OBS 327 and OBS 341, includes
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Fig. 11: Depth migrated seismic data of profile 3_2007 superimposed with velocity interfaces

Fig. 10: Velocity Model of profile P3_2007.
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two main thrusts that have been described in the velocity model of Figure 10. The other thrusted zone
at the western part of the section is associated with the uplift of the Preapulia limestones and their
westwards thrusting over the oceanic crust domain of the deep Ionian Sea. This is linked with a sec-
ond thrusting belt close to this compressional front positioned below OBS 312 to OBS 316. It shows
that the compression at this front is very intense and is spread over a significant part of the backstop.

4. Conclusions-Results

The active seismic experiment based on the exploitation of OBS technology was performed for the
development of high quality crustal velocity models. This was also complemented by a series of
multi channel seismic (MCS) lines for the delineation of the shallow sediments and their structure.
Five OBS lines were established covering the complete offshore region of western Peloponnese.
Our aim in locating the lines was to study the crustal structure of the block between Zakynthos is-
land and the Gulf of Messinia. Particularly we wanted to resolve the westwards continuation of the
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Fig. 12: Simplified structural map of the Kiparissiakos gulf showing the limit of the Mediterranean Ridge,
the Hellenic napes edge, and the main tectonic elements.



Hellenic Alpine units in the offshore region, map the main tectonic elements offshore and link them
to the onshore structures.

The NW-SE oriented profile 1_2006 mapped a series of faults of nearly E-W orientation. The crustal
thickness in the broader Kiparissiakos area is about 22 km thick and the crust is continental. The sed-
iments range between 8 and 10 km and in their lower part are composed of two high velocity meta-
morphic limestones (Vp = 5.5 – 6.1 km/s). Triassic evaporites separate the two limestone series,
producing salt dome intrusions in several locations, but have not been modelled along this line. The
upper sedimentary sequences have Vp velocities between 1.8 and 3.8 km/s. Their thickness varies
between 2 and 4 km. The faults mapped along the profile have defined the N-S extension of the
Kiparissiakos basin. The master faults at the northern and southern flanks of the Basin are also seis-
mically active and truncate the entire crust. A number of faults were mapped within the Basin that
correlate with the onshore fault systems, separating the internal structure of the Basin in a series of
sub basins. From south to north, we have the Kiparissia basin, separated from the Olympia basin by
the offshore extension of the Minthi mountains. The southern flank of this basin is seismically very
active, and associated with sub crustal seismicity that extends to 90 km depth. The northern flank
of this basin is linked with crustal seismicity. Fault plane solutions of locally recorded seismicity as-
sociated with this area have revealed mainly strike slip faulting of dextral orientation (Papoulia et
al., 2009). We consider this fault system to be the offshore extension of the Andravida fault. Further
to the north, offshore Katakolo, another sub basin of intense down throw has developed.

Profiles 1_2007 and 2-2007 of ENE-WSW orientation are parallel to the southern coast of Zakyn-
thos and have mapped the northern part of the Kiparissiakos basin and its crust and sediment struc-
ture between the coast of western Peloponnese and the Zakynthos and Strophades uplifts. Crustal
thickness along both lines varies between 19 and 22 km, always thickening to the east. The thinnest
part of the crust coincides with the highest uplift of the Preapulia metamorphic limestone that is
thrusted westwards. The continental crust is depressed and the water depth increases systematically
up to 3000 m at the western edge of both profiles. To the east of the Preapulia thrust we mapped an
upper and a lower limestone series, separated by Triassic evaporites. The lower limestone belongs
to Preapulia, and extends also west of the Preapulia thrust. The upper limestone is part of the exter-
nal Hellenic napes and does not exist west of the Preapulia thrust. The Thrust itself is the limit of
the westwards extension of the Hellenides towards the deep Ionian Sea.

The two southern crustal profiles, P5_2006 and P3_2007, have mapped the extension of the conti-
nental crust to the west, the western limit of the backstop and its interaction with the Mediterranean
Ridge. The crust mapped in the deep Ionian Sea, west of the backstop limit, is oceanic, and has a
thickness of approximately 11 km, in a water depth of 3000 m. Sediment thickness varies between
3.2 to 4.5 km, increasing to the east, to the Mediterranean Ridge. The igneous part of the crust with
a Vp velocity ranging from 6.45 to 6.8 km/s is about 6.5 km thick and it is part of the Tethys ocean
that is now subducting below the Hellenic Arc. East of the collision front, between the continental
domain of the backstop and the oceanic one of the deep Ionian Sea, the crust is thickening east-
wards. Crustal thickness at the backstop area is about 17 to 18 km. The sediments vary between 4.5
and 8.0 km, depending on the amount of deformation that has affected them. The basic difference
between the two lines is the extent of the backstop, between the collision front and the eastward
limit of the Hellenic napes. Along the northern profile, the back stop is 40 km wide, while at the
southern line it extends for over 80 km. East of the backstop, which is defined at its eastern limit by
the Preapulia limestone thrust, the crust thickens, sediment thickness also increases, and two high
velocity limestones are mapped, separated by the Triassic evaporites. The lower limestone is the
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Preapulia unit, while the upper one is part of the Hellenic napes. Continental crust in this area is ap-
proximately 22 km thick and the sediments are strongly deformed.

We have mapped the limit between the Mediterranean Ridge and the backstop, at about 100 to 120 km
west of the coast of Peloponnese. We have also identified the Preapulia thrust that terminates the west-
ward extension of the Alpine Hellenic napes. It is interesting that this front is systematically shifted
westwards between Zakynthos island and offshore west Messinia, where the backstop has its minimum
width of only 40 km. South of the 5_2006 profile the Preapulia thrust is significantly shifted towards
Peloponnese by more than 50 km (Fig. 12). This is linked to the left lateral North Mani Transverse Fault
(Lallemant, 1984), which is presently inactive.

Correlating the onshore geology and Alpine units with the offshore mapped tectonics, we have placed
the limits of the Ionian to the Preapulia zones in the Kiparissiakos area, and the Preapulia, Ionian and
Gavrovo zones south of Messinia. Nowhere beyond the Preapulia thrust to the west have we iden-
tified the existence of the Hellenic Alpine napes in the backstop area. This observation does not
agree with Aubouin et al. (1976) and Le Pichon et al. (2002) who place the limit of western Hel-
lenides deep into the Ionian Sea, extending to the Mediterranean Ridge.

The Kiparissiakos basin is strongly affected by the dextral strike slip fault of Andravida, which is
displacing the geological and tectonic elements westwards. This is also responsible for the devel-
opment of transtensional basins and transpressional uplifts, like the rhombic basin northeast of the
Strophades island and the Strophades uplifted block. The tectonic deformation of the Strophades is-
land is also described by Stiros (2005) and is in agreement with the general deformation pattern de-
rived by the present observations.
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