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ABSTRACT Five wide aperture seismic lines were recorded with ocean bottom seismographs 
offshore western Peloponnese, between the Island of Zakynthos and the Gulf of 
Messinia. Four lines were ENE-WSW oriented, and one N-S crossing three of 
them. Two of the ENE-WSW lines extended from western Peloponnese to the 
Mediterranean Ridge, from the continental domain of western Greece to the oceanic 
of the Ionian Sea. Seismic energy was generated by a 48 l (~ 2976 in3) air gun array 
tuned at low frequencies. Data were compiled as Common Station Gathers (CStGs)

with two-point ray tracing forward modelling. The Vp-velocity models obtained by 
this procedure were further used to depth migrate the CStGs. Line length of the 

to the Mediterranean Ridge is continental of variable thickness, while west of the 

Moho depth of nearly 28 km, thinning in the Kyparissiakos basin to 22 km, and 

and the Ionian oceanic crust at the continent/ocean transition of the Mediterranean 

at the collision front of the Mediterranean Ridge. Vp velocities of soft sediments 

6.2 km/s. The two limestones are separated by Triassic evaporites with Vp ~ 4.2 

continental crust. Faults mapped in the Kyparissiakos basin are the continuation of 
onshore structures of western Peloponnese. We could identify the westernmost limit 

collision front of the Mediterranean Ridge, between the Ionian oceanic crust and the 
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thin continental crust at the backstop, is very intense, and the backstop, particularly 
at its western side, is fractured by several major faults.

Key words:  crustal structure, Hellenic backstop, Mediterranean Ridge, western Hellenides, .

1. Introduction

The western Hellenides located between the Ionian Sea oceanic domain and continental 
Europe, are tectonically one of the most active areas of the Mediterranean region. They are 

to 4 cm/y (i.e., Kahle et al. et al.
MS have occurred in historical times, destroying the coastal areas by seismic tremors 

western Peloponnese and the Mediterranean Ridge is essential for developing protection 
models and improving the existing building codes. This requires a clear picture of the tectonic 
processes, which in detail are still unclear. 

Mapping the crust and sediments was to date limited to very few widely spaced locations 
et al.

Truffert et al. et al. et al. et al.

et al.
models only because their evaluation is based on the assumption of lateral homogeneity along 

of good quality due to the large volume of explosives used to generate the seismic signals. They 

area is located in the black frame.
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were recorded however by only a few anchored buoys and the velocity models developed from 
these data are laterally smoothed. Finally, MCS streamer data, like those published by Hirn et al. 

et al.
This streamer length is too short to permit reliable recordings for velocity modelling from 
the deeper parts of the seismic sections. Thus mapping deep reflections and interpreting their 
significance is highly ambiguous. 

The MCS data collected on behalf of the Public Petroleum Corporation (PCC) of Greece in 

on crustal structure or the deep sedimentary basins of the Mediterranean Ridge and the backstop. 

Mediterranean Ridge using the MCS profiles mentioned above. His interpretation of the crust 
and its nature however is speculative. The streamer used was too short and the energy source too 
small to produce signals able to map crustal thickness and reliably resolve the velocity structure. 

In order to understand the nature of the crust offshore western Peloponnese and the backstop 

volume air gun source tuned at low frequencies. In the following, we present results of this active 
seismic experiment and discuss them in relation to the geology and tectonics of western Greece. 

2. The OBS active seismic experiment

et al

3 .metre strength. Shots were fired every 

penetration from long offset observations. Dominant frequency of the shots was 8 Hz. Data 
were evaluated by applying first break tomography, layer tomography combined with two point 
ray tracing forward modelling (kinematic and dynamic) and depth migration. The evaluation 

active seismic experiment and we will not elaborate on the methodology. 

3. The N-S profile: Line P1_2006

was constrained from results obtained at the four ENE-WSW oriented lines that intersect this 
N-S oriented profile (see Fig. 2).
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propagated efficiently and mapped the thickness of the continental crust by PmP reflections, as 
well as the basin geometry and velocity structure. 

In Fig. 4 we present the velocity gradient model developed by first break tomography using 

is separated in three sub-basins. These are limited to the north and south by two major fault 
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(Moho discontinuity) and Pg arrivals from waves propagating in the upper crust are indicated. 
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anticline.
The first break velocity model was subsequently refined by layer tomography combined by 

each observed CStG, in order to better constrain the results. Computation of travel times alone 
does not present the state of the art and wastes the important constrain posed by modelling also 
the energy distribution. 

the Vp velocities and influences the depth of the various discontinuities, as shown in the ray 
density distribution presented in Fig. 7. The velocity model constrains the thickness of the 

and 22 km towards south. The significant thickening of the crust towards Zakynthos to about 
28 km has been adopted from a crustal velocity model published by Makris and Papoulia 
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Fig. 7 - Ray density distribution showing the number of rays penetrating the different parts of the model and rays 

presented in Fig. 6.
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et al.
Papanikolaou et al.

The Kyparissiakos basin is separated by a series of faults in three extensional sub basins. 

limiting a thicker continental block to the north from a thinner one to the south. This major 
fault at the north-western flank of the Kyparissiakos basin is seismically active (Papoulia 
et al.

the westward continuation of the onshore Kyparissiakos Fault Zone (KFZ). This fault is also 
seismically active as revealed by local seismic observations (Papoulia et al.
fault the sedimentary sequences are dipping southwards and the stretched crust is approximately 

et al.
as identified also at the other three ENE-WSW oriented seismic lines.

order seismic discontinuities defining Vp-velocity domains. The technique used for migrating 

much better quality. 

4.  The two ENE-WSW profiles between Zakynthos and Strophades: lines P1_2007 
and P2_2007

the crust along both profiles is fairly thin.

Sediment thickness to the ENE has maximum value of approximately 7.3 km. The basement is 
highly elevated at the central part of the profile, where thickness of sediments decreases to less 

 

much more complex. This velocity model is used to constrain layer tomography and ray tracing 
for developing the final velocity model. Starting model for the deeper crust is constrained by PmP 
reflections and the apparent velocities of the Pn phase for the upper mantle, where identified.
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complexity of the time section demonstrates the fragmentation intensity of the sequences offshore western Peloponnese.

Offset [km]
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of the seismic phases corresponding to different travel paths through the velocity model. In the upper part the synthetic 
amplitudes present the energy propagation along different parts of the velocity model.
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as was mapped by the synthetic calculations for travel times and amplitudes. We also present in 

strong enough to produce observable arrivals. 

profiles south of Zakynthos have mapped a major fault, which is the western limit of the Ionian 

different metamorphic limestones, an upper and a lower one. The upper Vp-velocity limestone 

velocity values for these formations have been also observed at the seismic line reported across 

subducted below the continental one, was not mapped since it was not identified in the CStGs. 

clearly mapped and reveals major thrusting at the central part of both lines. To the west of the 

5. The WSW-ENE profile offshore Messinia: Line P5_2006

close to the Peloponnese - Messinia coast to the deep Ionian Sea. It crosses the backstop and 

previously described. Tectonization along this profile is very intense as revealed by the observed 

deep Ionian Sea, the propagation is poor. This is due to the intense fragmentation of the crust 
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travel paths along the seismic model. 

Offset [km]

Offset [km]

Distance [km]

De
pt

h 
[k

m
]



The backstop between the Mediterranean Ridge and western Peloponnese  Boll. Geof. Teor. Appl., 55, 249-279

263

Offset [km]

Offset [km]

Distance [km]

De
pt

h 
[k

m
]



264

Boll. Geof. Teor. Appl., 55, 249-279 Makris and Papoulia

is marked.
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and the high velocity metamorpic limestones. Wide angle PmP arrivals from the Moho, although 
weak, were identified and constrained the crustal thickness. 

after the final velocity model evaluation.
The ray traced model in Fig. 23 shows the travel paths of the rays reflected from the top of 

 

a gradual subsidence of the oceanic crust towards the collision front, at the Mediterranean Ridge. 
The western limit of the continental backstop is thrusted over sediments of the Mediterranean 
Ridge. The subducted oceanic slab as mapped follows the geometry of the continental Moho. 

considerations and microseismicity observations (Papoulia et al.
to map directly the sediments, most probably subducted with the oceanic lithosphere below 
the continental crust. Resolution of velocity and structure obtained by the seismic data was not 
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clearly and enhance the tectonic deformation. The agreement between depth migrated seismic arrivals and velocity 
structure is obvious. 
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strongly affected by intense tectonization to the WSW. In spite of this shortcoming, it was possible to develop the 

and permitted to reconstruct the tectonic elements.

Island) towards the deep Ionian Sea.
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air gun array than that used could have been very useful.
The eastern part of the profile, floored by continental crust, is covered by very thick 

is exposed nearly to the sea floor. This part of the section coincides with the deepest part of the 

velocities and their limits defined in the velocity model of Fig. 24 are overlapped with the 
migrated section. Strongly tectonized upper crustal units are visible. Structural elements 
mapped by both techniques (Vp modelling and depth migration) are in good agreement and 
help identifying the tectonic deformation. It is obvious that the eastern part of the profile, east of 
the collision front at the Mediterranean Ridge, is strongly tectonized by three major thrusts and 
several normal faults. On the contrary, the deep Ionian basin is fairly homogeneously structured 
and the sediments are strongly deformed only at the Mediterranean Ridge (see also Finetti and 

et al.
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6. The ENE-WSW profile from Messiniakos Gulf to the Mediterranean Ridge: Line 
P3_2007

presented in Fig. 26.
Energy along this profile propagated more efficiently than in the previous line (Line 

particularly for seismic energy observed to the WSW.

the final velocity model evaluation.

continental Moho at 22 km depth. 
The velocity model along this line is presented in Fig. 29, while the ray density distribution 
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CStG.
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deformation of the backstop are well documented along this line. The backstop beyond the Ionian zone is more than 
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thin continental crust and by thrusting of high velocity limestones over sediments at the transition 
of the backstop to the oceanic crust of the deep Ionian Sea. The sediments at the backstop thicken 
from east to west. The thickest part of the low velocity backstop sediments is identified below 

could not follow the oceanic slab below the backstop because energy failed to penetrate below the 
continental Moho, which was mapped at approximately 22 km depth. It is however obvious that 
below the continental crust the oceanic lithosphere is subducted and that sediments are intercalated 
between the two crustal oceanic domains.

Two main zones of significant thrusting and crustal shortening were mapped. The eastern one, 

model. The other thrusted zone at the western part of the section is associated with the uplift of 

deep Ionian Sea. This again is linked with a second thrust belt close to the collision front below 

over a significant part of the western backstop. 

structure of the area and accentuate the tectonic deformation.
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7. Conclusions and discussion

spaced airgun shots produced CStGs that permit to develop reliable crustal velocity models. The 

in the offshore region was mapped, the width of the continental backstop was defined, and the 
main tectonic elements offshore were linked to the onshore structures. 

crustal thickness in the broader Kyparissiakos area is about 22 km thick and the crust is thin 

Triassic evaporites separate the two limestones, producing salt dome intrusions in several 

km/s. Their thickness varies between 2 and 4 km. The faults mapped along this profile defined 
the N-S extension of the Kyparissiakos basin. The master faults at the northern and southern 
flanks of the basin are also seismically active with moderate to intense seismicity (Papoulia et 
al.
correlate with the onshore structures, separating the central part of the basin in a series of sub-
basins. From south to north, we have the Kyparissia basin, separated from the Olympia basin 
by the offshore continuation of the Minthi Mts. The southern flank of this basin is seismically 

Papoulia et al.
plane solutions of locally recorded events have revealed mainly strike slip faulting of dextral 
orientation (Papoulia et al.

downthrow has developed.

of Zakynthos and have mapped the northern part of the Kyparissiakos basin, its crust and 
sediments, between the coast of western Peloponnese and the Zakynthos-Strophades uplift. 

limestone and sediments, thrusted westwards. The continental crust is depressed and the water 

Island. It is the limit of the westward extension of the Hellenides towards the deep Ionian Sea. It 
is, therefore, obvious that the backstop between the Mediterranean Ridge and the Ionian zone is 

postulated Le Pichon et al.

continental crust to the west, crossing the backstop and its interaction with the Mediterranean 
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positions used for velocity modelling and delineation of the faults are indicated in the map. Swath bathymetry was 
adopted from Camera et al
Ridge. Discussion of the map in text.
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Ridge. The type of crust mapped in the deep Ionian Sea, west of the backstop is oceanic, 

the continental domain of the backstop and the oceanic one of the Ionian Sea, the crust is 

The two high velocity limestones mapped by all profiles at their eastern part are separated by 

approximately 22 to 24 km thick and sediments and crust are strongly tectonized. 

west of the coast of Peloponnese. This front is systematically shifted westwards between the 
Zakynthos Island and offshore SW Messinia. It is interesting that the main difference between 
the two southern lines is the width of the backstop defined between the Mediterranean Ridge 

presently inactive. 

limestone and sediments and its thrust off the coast of Peloponnese have we identified the 

et al. et al.
deep into the Ionian Sea and even extend it to the Mediterranean Ridge.

The Kyparissiakos basin is strongly affected by dextral strike slip faulting linked to the 

also responsible for the development of transtensional basins and transpressional uplifts, like 
the rhombic basin NE of the Strophades Island and the Strophades uplifted block. The tectonic 

with the general deformation pattern derived by the present observations. The fact that at the 
subduction zone we have not mapped subducted sediments is due to insufficient resolution 

decoupled from the crust above it. It is, therefore, soft deformable sediments that account for 
the decrease of frictional forces between the two interacting rigid lithospheric systems. Only 

with sufficient resolution needed to identify the sediments involved in the subduction and the 
velocity inversion they would cause.
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