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ABSTRACT 
 
The volcanic edifice of Thera is located at the transition between the thickened crust of the Cyclades 
massif, to the north, and the streched continental crust of the Cretan sea, to the south. In the Cyclades 
area, crustal thickness is approximately 25 Km, whereas in the Cretan Sea, the crust is 15 to 18 Km 
thick. The in-between zone limits two different crustal units and at the same time two different 
tectonic regimes: the Cyclades that have developed by compression and thrusting, and the Cretan Sea 
dominating by transtension and crustal thinning. Volcanic activity, expressed by the volcanoes of 
Santorini, Colombo and Milos, occurs along this zone. Magma, originating from a depth of 
approximately 120 Km, finds its way to the surface through zones of weakness at the limit of the two 
crustal domains. 

 

 
1. INTRODUCTION 
 
In order to understand the crustal structure and main tectonic processes that prevail in the various 
domains of the Hellenides, we performed a series of active and passive seismic studies in the area of 
Greece during the last decade. In particular, the areas of the Cyclades and the Cretan Sea were 
investigated by active seismic experiments. Our motivation in these two specific zones was the fact 
that geological and petrographic evidence demonstrated that significant tectonic inversion occurred 
during the last 2 million years and rocks that were involved in a subduction process are now exposed 
on the islands of the Cyclades (Altherr and Seidel, 1977; Altherr et al. 1982). We are mainly dealing 
with mineralogical paragenesis of high pressure low temperature asemblance.  

Furthermore, Makris (1976) and Makris and Vees (1977) showed that the central Cyclades are 
floored by a crust of approximately 24 to 26 Km, whereas the Cretan Sea crust to the south is only 18 
Km thick. The transition from the Cretan Sea to the Cyclades is very abrupt and coincides with the 
southern boundary of the Cycladic massif. Along this boundary the main volcanic activity occurs, 
expressed by the volcanoes of Milos, Santorini and Colombo. High resolution seismic profiles 
published by Jongsma et al. (1977) and Götz (1996) in the Cretan Sea showed that the area is 
controlled by extension triggered mainly by transtensional processes.  

In the following, we intend to present results of recent active seismic studies which revealed the 
deep structure and tectonic deformation of the Cyclades and the Cretan Sea. 

 



2. THE CYCLADES 
 
We used 25 OBS’s and recorded a seismic line perpendicular to the strike of the Cyclades, trending 
NW-SE from the island of Chios to that of Kythnos ( Fig. 1).  

Seismic shots were generated by an air gun array of 42 l that was tuned to low frequencies. The 
seismic line has a total length of 140 Km. Shots were spaced at 125 m along the line. An example of 
a Common Station Gather is presented in Figure 2. We have applied a linear move out using 6 Km/s 
as reduction velocity.  
 
 

 
 
 
Fig. 1:  Location of the Cyclades (Kythnos – Chios) and Crete (Libyan Sea – Thera) Seismic Profiles  
 
 
    The evaluation procedure was as follows: First, we applied a firstbreak tomography and developed 
a velocity model (Fig. 3). This simple evaluation presents a very interesting distribution of the 
velocity across the Cyclades. The Chios basin extends until OBS 17 for about 60 Km and is filled 
with sediments having velocities of 2,4 to 4,1 Km/s. The lower series present most probably non- 
metamorphic limestones, whereas the upper part of the basin is filled with soft unconsolidated 
sediements which are particularly thick offshore the island of Andros to the east. The deeper part of 
the basin is floored by high velocity metamorphic crust of continental affinity, very probably similar 
to that exposed on the Cycladic islands. Below the island of Andros, high velocity basement 
truncates the Chios basin to the northeast and is exposed to the surface. The next sedimentary basin 
extended between Andros and Kythnos is subdivided in two sub-basins by the island of Yaros. Also 
here, high velocity rocks are exposed to the surface. The western sub-basin, between Yaros and 
Kythnos, is nearly 30 Km wide and has its thickest part at its southwestern end, next to Kythnos. 
Velocities of the sediments range between 2,4 and 4,2 Km/s and are very similar with those mapped 
in the Chios basin. High velocity material truncates the basin to the west and is exposed on the island 
of Kythnos. West of the island, we mapped a small part of the Myrtoon basin which seems to be 
much thicker than the basins to the east.  
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Fig.2: An example of a Common Station Gather (Position 7, channel 1), deployed northeast of the island of Kythnos  

  
 
Fig.3:  Velocity Model of the Cyclades obtained from first break tomography 
 



Using this firstbreak velocity model, we developed one by layered tomography which was then 
tested by two point ray tracing forwards modeling. A simplified version of this velocity – depth 
model is presented in figure (4). The crust mantle boundary below the Cyclades varies from 23 Km 
under the Chios basin, thickening to 26 Km below the central Cyclades, and thins to 18 Km below 
Kythnos, western Cyclades. Similar crustal thickness values for south Evia and the Cyclades have 
been also reported by Makris and Vees (1977). 

Finally, we prestack migrated all Common Station Gathers using the velocity model described 
above, and reconstructed the reflectivity of the crust as a function of depth below the Cyclades. The 
technique used is described in Pilipenko and Makris (1997). This technique permits to transfer the 
seismic data recorded in the time domain into space exploiting all seismic phases recorded. That is, 
we use not only near offset reflections but also wide angle reflections and diving waves. The final 
result obtained is presented in Figure 5. 

  

 
 
 
Fig. 4:  Velocity-depth  Model of the Cyclades  
 
 
    Figure 5 incorporates the crustal thickness as obtained by the tomographic inversion and two point 
ray tracing forwards modeling, the migrated reflection arrivals, and our interpretation of the thrusted 
units. We see that the topographic expression of the Cyclades is controlled by thrusting that has 
shifted lithological units from east to west. These lithological units were exhumed from crustal levels 
of more than 30 Km, as mineralogical studies have revealed (Altherr et al., 1979).   
 



 
 
Fig. 5:  Depth migrated model of the Cyclades with velocity interfaces and geological interpretation (after Makris, 
Papoulia and Pylypenko, 2008) 

 

 
3. THE CRETAN SEA 
 
The crustal structure of the Cretan Sea was mapped by three main seismic campaigns. During the 
first one, the “R/V METEOR” performed a large scale reflection seismic project and mapped the 
entire Cretan Sea from east to west by a network of multichannel seismic profiles (Jongsma et al., 
1977). The interpretation of these data revealed the geometry of an extensional basin mainly 
controlled by normal faulting. The crustal thicknesss in the central part of the basin as Makris et al. 
(1977) showed that the crust is only 18 Km thick. A second survey was conducted in 1984 by the 
“R/V SONNE”, and wide offset seismic data collected by OBS’s and energy generated by explosives 
confirmed the results of Makris et al. (1977) and showed the extension of the basin in a much greater 
detail (Hartung, 1987). At the same time, high resolution bathymetric mapping and single channel 
seismic profiles covered most part of the basin and showed that the Cretan Sea is divided in two sub 
basins, one at the eastern part of the Cretan Sea towards Carpathos and the other at the western part, 
towards Milos, separated by an elevated block. A re-interpretation of all existing reflection, 
bathymetric and sub-bottom profiling data performed by Götz (1996) showed that the two sub-basins 
are developed by transtensional processes and the strike slip mechanism that control this evolution 
are dextral. The elevated block in between is most probably a transpressional feature. The last active 
seismic experiment took place in 1997 by “R/V ISKATEL” (Bohnhof et al., 2001). This again 
confirmed the continental nature of the crust of the Cretan Sea and its transition to the island of 
Crete, where the crustal thickness increases significantly to nearly 30 Km at the central part of the 
island (Fig. 6 ). 



 
 
Fig. 6: Velocity Model between Cretan sea and Libya (after Bohnhof, Makris, Papanikolaou, Stavrakakis, 2001) 

 

 
4. CONCLUSIONS 
 
As we have seen from the crustal studies in the central and southern Aegean region, we identified 
significant structural and crustal differences between the Cyclades area (central Aegean) and the 
Cretan Sea to the south. The crust below the Cyclades is about 25 Km thick and is strongly deformed 
by compression, while to the south of the island of Santorini the Cretan Sea is floored by a thin 
continental crust, actively deforming by dextral transtension. The abrupt change of crustal thickness 
of 15 to 18 Km in the Cretan Sea to 25 Km north of the island of Santorini, locates a zone of crustal 
weakness that extends over the entire southern edge of the Cycladic massif. The main volcanic 
activity occurs along this zone, as documented by the volcanoes of Santorini and Milos. Magma 
mobilized at the deeper parts of the lithosphere finds its way to the surface through magmatic 
conduits in this zone of weakness.  
 
 



 
 
 
Fig. 7: Simplified tectonic elements and deformation  in the central Aegean: The Cyclades massif and the Cretan sea. The 
Thera and Milos volcanoes are marked by red circles 
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