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Abstract 

Twenty five years after a first attempt by Mascle and Martin (1990), this paper aims 

at delivering an updated and considerably richer, map of the offshore faults in the 

Aegean Sea. Reinterpretation of vintage analogue seismic profiles, interpretation of 

new profiles and records of swath bathymetry data made available in the last two 

decades, as well as relocation of published faults originally interpreted on low-

resolution bathymetric maps, on the new, more accurate bathymetric background 

have enabled the preparation of a more precise and complete map of active faults 

occurring in the Aegean Sea. This attempt is a first step towards the creation of an 

offshore faults database. 
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Περίληψη 

Είκοσι πέντε χρόνια μετά τον πρώτο χάρτη που δημοσιεύτηκε από τους Mascle and 

Martin (1990), αυτή η εργασία παρουσιάζει έναν ενημερωμένο, σημαντικά πληρέστερο 

χάρτη των υποθαλάσσιων ρηγμάτων του Αιγαίου. Η ερμηνεία των διαθέσιμων 

παλαιότερων και των πρόσφατων σεισμικών, η ανάλυση και επεξεργασία των 

σύγχρονων βαθυμετρικών δεδομένων και η εκ νέου σχεδίαση του ίχνους των ρηγμάτων 

από παλαιότερες εργασίες στο νέο, υψηλής ακρίβειας βυθομετρικό ανάγλυφο, οδήγησαν 

στη δημιουργία ενός κατά το δυνατόν πληρέστερου χάρτη υποθαλάσσιων ρηγμάτων του 

Αιγαίου πελάγους. Αυτό είναι το πρώτο βήμα στη κατεύθυνση της δημιουργίας μιας 

βάσης δεδομένων υποθαλάσσιων ρηγμάτων. 

Λέξεις κλειδιά: τεκτονική, παλαιά/νέα δεδομένα, επεξεργασία, ερμηνεία. 

1. Introduction 

The Aegean Sea has been the subject of extensive research with the aim to better understand its 

complex geological structure, in particular the active tectonics and deformation pattern, as well as 

their link to the seismicity. Most of previous studies were based mainly on seismological data and 

rather poorly mapped faults and fault-zones, low-resolution seafloor bathymetry and GPS data to 

define the major tectonic elements of the area and interpret its kinematic regime and deformation 

(McKenzie, 1972, 1978; Le Pichon and Angelier, 1979, 1981; McKenzie and Jackson, 1983; 

Taymaz et al., 1991; Le Pichon et al., 1995; Davies et al., 1997: Clarke et al., 1998; McClusky et 

al., 2000; Goldsworthy et al., 2002; Nyst and Thatcher, 2004). Based on widely spaced industrial, 

multi-channel, seismic reflection profiles, Mascle and Martin (1990), were the first to provide a 
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synthesis map of the offshore faults in the Aegean Sea. Since then, only few surveys have been 

conducted aiming at the systematic mapping and understanding of the offshore fault network. 

Twenty five years after the paper of Mascle and Martin (1990), our paper aims at providing a 

considerably updated map of the offshore fault network in the Aegean Sea; this work is based on 

swath bathymetry data obtained during the last two decades, interpretation and reinterpretation of 

recent and former seismic profiles and reinterpretation, on the new, high resolution bathymetry, of 

the traces of faults mapped in the earlier literature. 

 

Figure 1 - Location of areas surveyed in the past, contributing to the mapping of offshore 

faults in the Aegean Sea. 
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1.1. Literature overview (Fig. 1) 

Lyberis (1984) provided a first map of offshore faulting in the North Aegean Trough; this was based 

on the interpretation of single-beam bathymetry and a few industrial seismic data. Papanikolaou et 

al. (2002, 2006), using swath bathymetry and single channel seismic profiles mapped in some detail 

various faults cutting across the western North Aegean Trough. Yaltirak et al. (1998) and Kurt et al. 

(2000) provided maps of offshore faults in the Saros Graben, the easternmost area of the North 

Aegean Trough. Recently, additional swath bathymetry data and seismic profiles from the western 

North Aegean Trough allowed a reinterpretation and detailed mapping of the fault network 

(Sakellariou et al., in press). 

Apart from the regional synthesis of Mascle and Martin (1990), from the North Aegean Trough to 

the Cyclades Archipelago, only very few works have contributed to the mapping of offshore faults. 

Işler et al. (2008) provided a map of the faults off the Turkish coast, north and northwest of Lesvos 

Island while Lykousis et al. (1995) have published high-resolution seismics in the Ikarian Basin, 

north and south of Ikaria Island. Onshore faults mapped by Chatzipetros et al. (2013) on Lemnos, 

Agios Efstratios, Lesvos and Chios Islands allow inferring their offshore prolongation. Ocakoglu et 

al. (2004, 2005) provided new data on faulting for the regions of Izmir Bay and Kusadasi. 

Considerably more data and information on offshore faulting are available for the South Aegean 

Sea. Bartole et al. (1983) and Rossi et al. (1986) surveyed the Cretan Sea and published early 

tectonic maps of this area. Perissoratis and Papadopoulos (1999) defined the major faults of the area 

from Argolic Gulf, on the west, over the southern Cyclades Archipelago to the Island of Kos on the 

East. Papanikolaou et al. (1988) traced the faults of Saronic, Argolic and South Evia Gulfs. Piper 

and Perissoratis (2003) provided a synthetic map of both, new and previously known, offshore faults 

in the South Aegean Sea. Swath bathymetry and single channel seismic profiles have been used to 

map the faults in the area of Nisyros and Kos Islands (Tibaldi et al., 2008; Nomikou and 

Papanikolaou, 2011), around Santorini (Sakellariou et al., 2010) and in Christiana Basin, between 

Santorini and Milos Islands (Tsampouraki-Kraounaki et al., 2015). 

Recently, the Greek Database of Seismogenic Sources (GreDaSS) has been compiled (Caputo and 

Pavlides, 2013; Sboras, 2012) as an updatable database and repository of active-fault data for the 

Greek territory and its surroundings based on geological, tectonic and seismological data. 

2. Materials and Methods 

Our mapping of the offshore faults discussed here is based on the processing and interpretation of 

literally all available bathymetric and seismic profiling data from the Aegean Sea recorded since the 

seventies. 

The bathymetric relief shown on Fig. 2 includes all swath bathymetry data collected during the last 

fifteen years, chiefly by the Hellenic Centre for Marine Research. All former and new swath 

bathymetry data have been reprocessed, GEBCO bathymetry has been used for the areas not 

surveyed by swath bathymetry, while single beam bathymetry data have been locally used 

complementary to the GEBCO bathymetry. In the framework of DG MARE EMODNET 

Bathymetry project (www.emodnet.eu/bathymetry) all available bathymetric data (swath 

bathymetry, GEBCO, single beam echo-soundings) have been re-processed and gridded to 250m 

cell-size resolutions to create a digital elevation model of the seabed of the Aegean Sea as shown in 

Fig. 2. 

Further processing and analysis of the bathymetric data have included slope analysis in order to better 

define and highlight steep slopes and visualize their spatial distribution. Steep slopes are commonly 

associated with, or created, along active faults with significant vertical offset. The map of Fig. 3 shows 

the distribution of slopes in the Aegean Sea. The slopes are categorized in four groups according to the 

sloping values (0-3%, 3-5%, 5-10% and >10%) aiming at differentiating the steep slopping linear 

features, which are probably associated with faulting, from the gentler slopping areas. 
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Figure 2 - Digital Elevation Model (250 m grid) of the seabed of the Aegean Sea derived from 

the combination and reprocessing of swath bathymetry, GEBCO and single-beam echo-

sounder data in the framework of DG MARE EMODNET Bathymetry project 

(www.emodnet.eu/bathymetry). 

Old and recent, multi- and single-channel, analogue and digital, high-, moderate- and low-resolution 

seismic reflection profiles available at HCMR (Fig. 4) have been reprocessed and re-interpreted. 

The vintage former analogue data have been digitized and many of them transformed into SEG-Y 

format. Reinterpretation of these profiles under the light of the new knowledge gained over the last 

decades along with taking advantage of the new high-resolution bathymetric data provided 

significantly improved localization and better tracing of the faults imaged within them. 
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Similar procedure has been used for the recent, digitally acquired, seismic reflection profiles 

collected by HCMR over the last two decades. Many of them have been re-interpreted, other are still 

under re-interpretation, in order to extract information on fault location and kinematics. 

 

Figure 3 - Slope map of the seabed of the Aegean Sea derived from the slope analysis of the 

bathymetry shown in Fig. 2. 

A significant amount of information on offshore faulting is available in the earlier research papers, 

as indicated in chapter 1.1. By taking advantage of the currently available, most up-to-date DEM of 

the Aegean seabed, the tracing of faults extracted from the literature have been re-localized by taking 

into consideration the seabed morphology, in particular the slopes' orientation , to comply with the 

seabed's relief. 

The area of Santorini - Amorgos Islands has been selected as an example to visualize the 

methodology we have followed to generate a new map of offshore faults. Figure 5A shows the 

bathymetric map compiled from swath bathymetry data combined with GEBCO data. 
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Figure 4 - Location map of multi- and single-channel seismic profiles acquired in the Aegean 

Sea since the seventies, archived at HCMR. 

Reinterpreted SEISA (1974) multi-channel seismic Line 25 (Mascle and Martin, 1990) (Fig. 5B) 

and interpreted HCMR single channel seismic line (Fig. 5C) are also shown. Faults imaged on the 

seismic line of Fig. 5B have been located more precisely than initially, on the bathymetric map, 

using the associated morphological features. Similarly, faults imaged on the seismic line of Fig. 5C, 

and also mapped on swath bathymetry, can be traced across the boundary to the GEBCO bathymetry. 

Faults mapped by Perissoratis and Papadopoulos (1999) have also been redrawn on the new 

bathymetry. The faulting networks as shown on Fig. 5A and based on all available data sets, have 

been constructed using the same methodology. 

The refined map of faults of Santorini-Amorgos area shows two elongate, and clearly tectonically 

controlled basins, the Anyhdros and Amorgos basins, running parallel to each other in a SW-NE 

trend and separated from each other by a structural high. The latter connects Anyhdros Island to the 

westernmost edge of Amorgos Island. Thus, "the Amorgos Fault", believed to have moved during 

the 1956 earthquake, appears to be a segment of one long fault zone controlling the southeast margin 

of the Santorini-Anyhdros-Amorgos-Kinairos-Levitha basement ridge. 
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Figure 5 - A: DEM and faults of Santorini-Amorgos area. B: SEISA multi-channel Line 25 

(Mascle and Martin, 1990). C: Single channel HCMR profile (Sakellariou et al., 2010). Red 

stars in 5A show the epicenters of the 1956 Amorgos earthquakes. 
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Figure 6 - A: Map of offshore faults of the Aegean Sea derived from the processing and 

interpretation of bathymetric and seismic profiling data. 

3. Results - Discussion 

The map of the recent and active fault systems of the Aegean Sea (Fig. 6) show the most up-to-date 

information derived from bathymetric and seismic reflection data available so far. Note that faults 

derived from seismological data only, are not included in this map. Some areas are better covered in 

terms of available data, for many others, our confidence in the fault tracing is moderate due to limited 

data availability. This is the case for example the North Aegean Sea between the North Aegean 

Trough and the Cyclades Archipelago, the Myrtoon and Karpathian Seas. Other areas have been 

analysed only in terms of widely spaced seismic profiles. For all these areas it will be necessary to 

collect new swath bathymetry and seismic profiling data. 
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Analysis of the kinematics of the mapped faults is beyond the scope of this paper. The fault-map 

shown here is a first attempt towards the creation of a GIS-based offshore fault database, which will 

be continuously updated as soon as new data and information will be available This work aims at 

complementing earlier and ongoing projects such as the GReDaSS (Caputo and Pavlides, 2013; 

Sboras, 2012) and others, and will be hopefully linked to them. 
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