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Abstract 

 Since the Pliocene, rift basins have developed in the North Evia region at the south-

western extension of the North Anatolian Fault. North Evia, therefore, is a key area for 

investigating Plio-Quaternary deformation within the diffuse Anatolian-Aegean–Eurasian 

plate boundary. In this study, we present a detailed map of offshore faults in the North Evia 

region based on three seismic reflection surveys: an airgun (2004) and two very high-

resolution Sparker (2017 and 2021) single-channel surveys. Careful and systematic 

interpretation of these datasets revealed i) the identification of a new basin (Skiathos Basin) 

located at the western extension of the North Anatolian Fault and ii) two main fault sets 

striking oblique to the active N–S-directed extension. The seismicity analysis of the study 

area reveals pure strike-slip displacements along faults previously identified as normal. The 

NW–SE-striking faults bordering the North Evia Gulf rift are characterised by left-lateral 

displacements, and the NE–SW faults present dextral focal mechanisms, following the 

kinematic character of the North Anatolian Fault. We show that dextral strike-slip 

deformation recently occurred (in the late Quaternary) in the south-western extension of the 

North Anatolian Fault, suggesting the significant role of this fault system in the complex 

structural development of the North Evia region. 

Keywords: North Evia region, North Anatolian Fault, Rifting, Aegean Sea, Strike-slip faults 
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1. Introduction 

 The Eastern Mediterranean and Aegean regions are an active tectonic zone (e.g., 

McKenzie, 1978; Dewey and Sengör, 1979; Le Pichon and Angelier, 1979; 1981; Roberts and 

Jackson, 1991; Taymaz et al, 1991; Jackson, 1999; Armijo et al, 1996; 1999; Hatzfeld, 1999; 

McClusky et al., 2000; Hollenstein et al., 2008; Müller et al., 2013) consisting of numerous 

onshore and offshore tectonic structures that have been developed over a complex geological 

history. This tectonic history involved Late Cretaceous to early Tertiary orogenesis (i.e. the 

Hellenides–Taurides orogenic system) and subsequent extensional collapse that led to the 

present “basin-and-range” topography of eastern Greece and western Turkey, and the 

development of the Aegean basin in the core of the former orogenic belt (Figure 1, e.g., 

Gauthier and Brun, 1994; van Hinsbergen et al., 2005a; Jolivet and Brun, 2010; Jolivet et al., 

2013; Menant et al., 2016; Kilias, 2021).  

Two major features associated with the active tectonics of the Aegean are the East and 

North Anatolian Faults (EAF and NAF, Figure 1-A), which accommodate the westward 

extrusion of the Anatolian block (e.g., Dewey and Sengör, 1979; Sengör, 1979; Hubert-Ferrari 

et al., 2002; 2003). Coupled with the distributed extension triggered during the Miocene, the 

North Anatolian Fault, has greatly modified the northern part of the Aegean Sea. Previous 

studies have suggested that the northern branch of the North Anatolian Fault terminates in the 

North Aegean Trough (NAT, Figure 1-A, e.g., Armijo et al., 1999; Papanikoalou et al., 2006; 

Sakellariou et al., 2016). The North Anatolian Fault initially developed in eastern Turkey 11–

13 Myr ago (Sengör et al., 2005) and propagated to western Turkey 5–2.5 Myr ago (Armijo et 

al., 1999; Le Pichon et al., 2016). During this westward propagation, the North Anatolian 

Fault became localised. The propagation of the NAF into the North Aegean Trough was 

established during the early–middle Pleistocene. In the western extension of the North Aegean 

Trough, NE–SW-striking faults (akin to the North Anatolian Fault) have been found (Kiratzi, 

2002; Palyvos et al., 2006), whereas the deformation in this area is mainly located along the 

WNW–ESE and NW–SE-striking faults belonging to the Sperchios–North Evia Gulf rift 

(Figures 1-B and 2).  

 The Sperchios–North Evia Gulf rift is located in the eastern part of Central Greece 

administrative district and is one of the main intra-continental rifts in Greece (Figure 1). This 

140-km-long basin separates Central Greece from northern Evia and Mount Othrys (Figure 2), 

with a maximum width of 25 km. GPS geodetic surveys (McClusky et al., 2000; Hollenstein 

et al., 2008; Chousianitis et al., 2013; Müller et al., 2013) have revealed active extension in 
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the North Evia region, with an extension rate ranging from 1 to 3 mm/yr, mainly 

accommodated by the normal faults of the Kamena Vourla–Arkitsa Fault System 

(Chousianitis et al., 2013). The North Evia region (i.e. the North Evia Gulf, the island of 

North Evia, the Oreoi and Artemision Channels, and the Skopelos Basin, Figure 2) is also 

characterised by seismic activity, with events of Mw > 6 recorded in the Pagasitikos Gulf 

(Drakos et al., 2001), along the Atalanti Fault (Ganas et al., 1998; Novikova et al., 2017) and 

in the surroundings of the Lichades Peninsula. This study presents a compilation of these 

seismic events. 

 Paleomagnetic data reveal clockwise rotations during the last 3 Myr in the North Evia 

domain, whereas in the north, Thessaly appears stable in terms of rotations over this timescale 

(Kissel et al., 1989; Kondopoulou and Caputo, 1997; Bradley et al., 2013; van Hinsbergen et 

al., 2020). This difference is important for understanding the deformation of the area beyond 

the western termination of the North Anatolian Fault (i.e. the North Evia region and the 

Corinth rift). On a broader level, this key area can be used to evaluate the role of the 

structures inherited from the complex geological history of Greece and the rift geometries in 

the context of the African slab retreat. The purpose of this study is to better understand recent 

deformation in the North Evia region and integrate it into the regional tectonic evolution of 

the north-western Aegean Sea. Compared with the Corinth rift, which has been the focus of 

numerous seismological, sedimentary, and structural investigations (e.g., Collier and Dart, 

1991; Armijo et al., 1996; Roberts, 1996; Sorel, 2000; Goldsworthy and Jackson, 2001; 

Moretti et al., 2003; Flotté et al., 2005; Bernard et al., 2006; Ford et al., 2007; Leeder et al., 

2008; 2012; Jolivet et al., 2010; Nixon et al., 2016), the North Evia region has been less 

thoroughly analysed. As it is located southwest of the western termination of the North 

Anatolian Fault (Figure 1-B), it is crucial to precisely determine the active tectonics and plate 

boundaries between the Eurasian and Anatolian-Aegean plates (Figure 1-A). This plate 

boundary context, which includes intense seismic activity, highlights the necessity of 

improving our understanding of the deformation mode and seismic hazards. This can be 

achieved through the characterisation of fault geometries and kinematics. To achieve these 

objectives, two very high-resolution Sparker seismic surveys, WATER 1 and 2 (2017 and 

2021), were conducted in the North Evia Gulf, the Oreoi and Artemision Channels, and the 

Skopelos Basin (Figure 3). In addition, we also analysed brittle deformation in North Evia.  
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2. Geodynamic and tectonic setting 

 2.1. General tectonic setting 

 The Hellenides resulted from a complex geodynamic history, which involved a 

succession of divergent and convergent episodes since the Jurassic of various crustal domains 

(Pelagonian, Maliac, Pindos, Gavrovo-Tripolitza, Figure 1-B). The Maliac and Vardar 

oceanic domains opened during the Triassic and early Jurassic (Ferrière, 1972, 1974, 1976; 

Hynes et al., 1972; Smith et al., 1975). During the Late Jurassic, intra-oceanic subduction 

developed at the mid-oceanic ridge, leading to the obduction of Maliac ophiolitic units above 

the Pelagonian continental crust (Mountrakis, 1987; Sharp and Robertson, 2006; Kilias et al., 

2010; Ferriere et al., 2012; 2016; Schmid et al., 2019; Porkoláb et al., 2019). The Pelagonian 

unit is a fragment of a former continental block (the Cimmerian block) composed of 

Palaeozoic or older crystalline rocks, above which carbonates and volcano-sedimentary 

sequences were deposited during the Triassic and Jurassic (Guernet, 1971; Clement, 1983; 

Baud et al., 1991; Pe-Piper and Panagos, 1989; Angiolini et al., 1992). The Pindos basin 

comprises carbonate and clastic stratigraphic series from the Triassic to the Eocene. While 

oceanic crust has not been observed in the Pindos basin, some authors have suggested that 

part of this basin was formed by oceanic spreading during the Jurassic (Dercourt, 1970; 

Thiébault, 1982; Vergely, 1984; Robertson et al., 1991; Saccani et al., 2004; Dilek et al., 

2008). According to this hypothesis, ophiolite nappes, which have been thrust over 

Pelagonian units, may come partly from Pindos and not solely from the Maliac domain 

(Vergely, 1984; Mountrakis, 1987; Sharp and Robertson, 1998; Beccaluva et al., 2005; 

Robertson, 2006; Saccani et al., 2008). The Hellenides can be divided into two main zones: 1) 

the Internal Zones to the east and 2) the External Zones to the west. A major fault zone 

separates them, the Internal Zones Thrust Front (IZTF, Figure 1). The iInternal Zones are 

usually defined by their relationship with the Late Jurassic obduction event. 

 Based on mantle tomography, current geodynamic models suggest that the present 

active subduction, observed along the Mediterranean ridge (Figure 1-A) between the Eurasian 

and African plates, developed as part of a unique slab below the Aegean domain submitted to 

a progressive long-term retreat (van Hinsbergen et al., 2005b; Brun and Faccenna, 2008; Brun 

and Sokoutis, 2010; Jolivet and Brun, 2010; Jolivet et al., 2013; Brun et al., 2016; Menant et 

al., 2016). This subduction likely initiated during Jurassic times along the Vardar trench 

(Sengör and Yilmaz, 1981; Dercourt et al., 1986; Ricou et al., 1986; Ricou et al., 1994; 

Ferrière and Stais, 1994, 1995; Ferrière et al., 2016), and migrated towards the southwest as 
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the plunging lithospheric slab progressively delaminated and submitted to a general retreat. 

This retreat allowed the exhumation of the subducted crustal slices (e.g., Brun et al., 2016). 

During the Late Cretaceous and Cenozoic, the compressional regime induced by the 

subduction process was responsible for accretion and nappe stacking, leading to the formation 

of the Hellenides mountain belt (Le Pichon and Angelier, 1979; Jolivet, 2003; van Hinsbergen 

et al., 2005b; 2005c; Jolivet and Brun, 2010; Brun et al., 2016; Menant et al., 2016; Kilias, 

2021). The southward migration of the subduction front and associated slab roll-back may 

have induced a major upwelling of the asthenosphere at the subduction corner. This led to a 

back-arc extensional regime within the upper plate and the thinning of the Aegean crust (e.g., 

Jolivet et al., 2013; Brun et al., 2016), evidenced by shallow Moho depths (Tiberi et al., 2001; 

Zelt et al., 2005; Sachpazi et al., 2007; Makris et al., 2013; Faucher et al., 2021). The oldest 

extension markers are observed in the Rhodope massif and consist of Metamorphic Core 

Complexes, whose exhumation started in the Eocene and lasted until the middle Miocene 

(Brun and Sokoutis, 2007; Burchfiel et al., 2008; Burg, 2012). To the south, Eocene and 

Oligocene extension markers have also been documented in Thessaly and the Sporades 

Islands (Lips et al., 1998; Walcott, 1998; Prokoláb et al., 2019; 2020). Farther south, an 

extensional phase occurred from the late Eocene to the early Miocene in the Cyclades, leading 

to the exhumation of more Metamorphic Core Complexes (Bonneau, 1984; Faure and 

Bonneau, 1988; Gautier and Brun, 1994; Jolivet et al., 1994, 2003, 2004; Vanderhaeghe and 

Teyssier, 2001; van Hinsbergen et al., 2005b; Ring et al., 2010; Grasemann et al., 2012). 

Since the middle Miocene (~13 Ma), the style of extension, which was previously relatively 

localised, became more distributed within the Aegean region (Brun et al., 2016). This change 

in the extensional regime is considered to be caused by an increase in the slab retreat rate 

(Brun et al., 2016). This rate accelerated during the Miocene from approximately 0.6 to 3.2 

cm/yr (Brun et al., 2016); the latter is similar to current estimates for the velocity of the 

Aegean block based on kinematic modelling (Ganas and Parsons, 2009). Ganas and Parsons 

(2009) highlighted that the Nubian plate is moving northward at c. 0.5 cm/yr relative to 

Eurasia, whereas the Aegean block is moving southward at c. 3.3 cm/yr relative to Eurasia. 

According to Ganas and Parsons (2009), this velocity difference shows a nearly passive 

Nubian slab overridden by the faster Aegean block.  

 2.2. Aegean region 

 Two main factors control the current geodynamics of the eastern Mediterranean: 1) the 

northward subduction of the African plate and 2) the westward extrusion of the Anatolian-
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Aegean microplate (Figure 1-A). The latter is accommodated to the east, along the East 

Anatolian Fault (Figure 1-A), the boundary between the Anatolian-Aegean and Arabian 

plates. To the north, the North Anatolian Fault partially accommodates this extrusion (Figure 

1-A), which is a major dextral strike-slip fault (Ketin, 1948). The North Anatolian Fault is the 

plate boundary between the Eurasian and Anatolian-Aegean plates. The Aegean region has 

classically been defined as a non-deformed rigid block moving toward the southwest (fixed 

Eurasia) at a rate of approximately 30 mm/yr (Figure 1-A, Clarke et al., 1998; Reilinger et al., 

2006; Floyd et al., 2010; Le Pichon and Kreemer, 2010; Reilinger et al., 2010; Royden and 

Papanikolaou, 2011). In contrast, Anatolia moves westwards with respect to Eurasia at a rate 

of 24 mm/yr. Furthermore, recent geological and structural data indicate significant 

deformation within the Aegean region (Sakellariou and Tsampouraki-Kraounaki, 2019 and 

references therein). 

 The north-western part of the Aegean region is characterised by the Central Hellenic 

Shear Zone (CHSZ, Figure 1-A, Sengör, 1979; Sengör and Canitez, 1982), which extends 

from southern Thessaly to Peloponnese and from the Kefalonia Transform Fault (KTF, Figure 

1-A) to the North Aegean Trough (Figure 1-A). The existence of the Central Hellenic Shear 

Zone may be anticipated in terms of plate tectonics and crustal block models (e.g. Mercier, 

1981; Armijo et al., 1999; Goldsworthy et al., 2002). However, no geological data on the 

southern coast of the North Evia Gulf supports its existence (Ganas, 1997; Galanakis et al., 

1998; Roberts and Ganas, 2000). The Central Hellenic Shear Zone constitutes a major 

extensional region, characterised by 20–25 mm/yr cumulate dextral slip rates determined from 

GPS data (Le Pichon et al., 2016) and clockwise rotations of about 40° between 15–13 Ma 

and 8 Ma, and 10° since ~4 Myr (Kissel et al., 2003; van Hinsbergen et al., 2005c, 2010). The 

Sperchios–North Evia Gulf rift belongs to the Pliocene structures that accommodate this 

extensional tectonic regime (Figure 2). 

 2.3. North Anatolian Fault 

 The North Anatolian Fault is a major ~1200-km-long dextral strike-slip fault 

separating the Anatolian-Aegean plate from the Eurasian plate (Figure 1-A). This plate 

boundary started its westward propagation between 11 and 13 Myr ago from eastern Turkey 

(Şengör et al., 2005). It reached the Marmara Sea (Ma in Figure 1A) approximately 5 Myr 

ago (Armijo et al., 1999; Le Pichon et al., 2014) and started its western propagation through 

the Aegean Sea. Its current slip rate is ~24 mm/yr, determined by GPS horizontal velocity and 

measurements of geomorphological offsets (McClusky et al., 2000; Hubert-Ferrari et al., 
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2002). The eastern termination of the NAF is located at the Karliova triple junction (Kar in 

Figure 1A), where it connects with the East Anatolian Fault. However, the geometry and 

timing of its western termination within the Aegean are still under discussion.  

The present-day western termination of the North Anatolian Fault in the Aegean Sea is 

divided into two main branches (e.g. McKenzie, 1978; Kreemer et al., 2004; Papanikolaou et 

al., 2019). The southern branch runs south of the Marmara Sea and ends within the Skyros 

Basin (SkB in Figure 1A), and the northern branch propagates westwards of the Marmara Sea, 

through the north Aegean Sea towards the NE–SW-striking North Aegean Trough (NAT in 

Figure 1A). This northern branch constitutes the north-western Eurasia–Anatolia plate 

boundary (McKenzie, 1970, 1972, 1978; Brunn et al., 1976; Dewey and Sengör, 1979; 

Sengör, 1979; Le Pichon and Angelier, 1979, 1981; McKenzie and Jackson, 1983; Taymaz et 

al., 1991; Armijo et al., 1999). As the North Evia region is located southwest of this northern 

branch, the main plate boundary, this study focuses on the branch that runs along the south-

eastern border of the North Aegean Trough (Roussos and Lyssimachou, 1991; Beniest et al., 

2016; Sakellariou et al., 2016; Ferentinos et al., 2018, Porkoláb et al., 2023; Rodriguez et al., 

2023). The development and localisation of the northern branch of the North Anatolian Fault 

along the North Aegean Trough is considered to be as young as the middle Pleistocene, 

starting at about 430 ka (Ferentinos et al., 2018, Rodriguez et al., 2023), and may be as young 

as c. 100–200 ka on its southern tip along Alonissos Island (Porkoláb et al., 2023). 

 The North Aegean Trough developed earlier than the northern branch of the North 

Anatolian Fault, mainly during the Neogene, in response to the N–S extensional deformation 

of the North Aegean Sea. Many of these early extensional structures were reactivated during 

the Pleistocene coevally with the propagation of the North Anatolian Fault (Roussos and 

Lyssimachou, 1991; Beniest et al., 2016, Porkolàb et al., 2023; Rodriguez et al., 2023). The 

propagation of the North Anatolian Fault formed a horsetail-shaped structure that ends against 

a large NW–SE-striking normal fault, perpendicular to the westernmost segment of the active 

North Anatolian Fault along Alonissos Island (e.g., Sakellariou et al., 2016; Porkolàb et al., 

2023). Therefore, because no major structures have been identified to the southwest, the 

North Anatolian Fault is widely considered to end in this area of the Sporades, north of 

Skopelos Island (e.g., Beniest et al., 2016, Le Pichon et al., 2016; Sakellariou et al., 2016; 

Ferentinos et al., 2018).  

 However, some related NE–SW dextral strike-slip structures have also been reported 

on Alonissos Island (Porkolàb et al., 2023), and further south within the western extension of 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

the North Aegean Trough, in the North Evia region. These features, which suggest some 

incipient “North Anatolian Fault-related” deformation, can be morphological, such as the 

N070E orientation of the Oreoi and Artemision Channels or the Nileas Depression across 

Evia Island (Figure 2), or structural, such as the Prokopi–Pilion Fault Zone (PPFZ), the 

Kechriae Fault Zone (KEFZ) bordering the Nileas Depression in Evia, and the Hyampolis 

Fault Zone (HFZ) in its south-western extension, mainland Greece (see Figure 2 for structure 

locations). The structural features are often interpreted from morphological characteristics 

(e.g., Palyvos et al., 2006).  

Some seismological studies have outlined the development of some strike-slip and 

transtensional accommodation of the stress field between the North Aegean Trough and the 

Corinth Rift, i.e. across the North Evia region (Papoulia et al., 2006). Moreover, based on a 

detailed micro-seismicity study, Kiratzi (2002) has also reported active strike-slip deformation 

determined from earthquake focal mechanisms in this region. Consequently, even if most of 

the recent deformation associated with the North Anatolian Fault ends north of Skopelos 

Island, some active distributed strike-slip deformation must be considered in the North Evia 

region. 

 2.4. The North Evia region 

 The North Evia region, located between Central Greece and the North Aegean Sea, 

includes the Maliakos Gulf (MG), the North Evia Gulf (NEG) rift basin, the Oreoi and 

Artemision Channels, the Pagasitikos Gulf, the Skopelos Basin and adjacent land areas, such 

as Evia Island and eastern central continental Greece (Figure 2). The topography in this part 

of Greece has very high contrast, including many mountains (Figure 2) with peaks over 1000 

metres above sea level, such as Parnassos (up to 2460 m high), Othrys (1726 m), Kallidromon 

(1399 m), and Kandili (1246 m), which mainly expose the pre-Neogene basement 

(Pelagonian, Maliac, and Parnassos series).  

 The offshore areas include two bathymetric lows: the Central Basin (CB) of the North 

Evia Gulf and the Skopelos Basin (Figure 2). The Central Basin, which reaches a depth of 440 

m water depth, is currently fed by several canyons mainly located on its southern and western 

slopes. The Skopelos Basin is located in the Aegean Sea, off the mouth of the Artemision 

Channel, north of Evia Island and south of Skopelos Island. It has a triangular shape and is the 

deepest area within the investigated region, with a water depth of approximately 1050 m. 

These deep basins are connected through the shallow Oreoi and Artemision Channels, which 
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form the Oreoi–Artemision Channel. This pair of connected marine channels is only 20 to 80 

m deep and emerged during lower sea-level intervals, that is, during the Last Glacial 

Maximum (Van Andel and Perissoratis, 2006). 

 Regarding the active deformation of this region, geodetic studies from GPS data 

(McClusky et al., 2000; Pérouse et al., 2012; Müller et al., 2013) show significant N–S 

extension between the Chalkidiki Peninsula and Central Greece, which is accommodated by 

several rifts, including the Sperchios–North Evia Gulf rift. The extension direction differs 

slightly (NE–SW to NNE–SSW) within the North Aegean Trough. Specifically, in the North 

Evia Gulf area, Müller et al. (2013) have identified different extensional directions from west 

to east: 1) NW–SE to NNW–SSE between the Maliakos Gulf and the Central Basin; 2) N–S 

in North Evia Island and the Central Basin; 3) NNE–SSW around the town of Chalkida and in 

the southern part of North Evia Island (see Figure 2 for locations). 

 Based on land-based brittle deformation analysis, the North Evia region has 

experienced three tectonic phases (Mercier et al., 1979, 1987) since the early formation of the 

Sperchios–North Evia Gulf rift in Pliocene times. First, from the early Pliocene to the early 

Pleistocene, an extensional regime characterised by NNE–SSW stress resulted in the 

formation of large normal faults striking N110 to N120 in the Reginio Basin and North Evia 

Gulf rift (Figure 2). Second, a short compressional period has been attributed to the early to 

middle Pleistocene (Philip, 1976; Roundoyannis-Tsiambaou, 1984). The occurrence of this 

compressional episode is not fully accepted, as several authors have not found evidence of 

compressional structures (Ganas, 1997; Galanakis et al., 1998; Roberts and Ganas, 2000). 

Last, from the middle Pleistocene to the present day, the region is dominated by major NNW–

SSE to N–S extensional deformation (Mercier et al., 1979, 1987) that has been confirmed by 

GPS data, as mentioned above (e.g. Müller et al., 2013).  

The Reginio Basin, also called the Lokris Basin, is a narrow, uplifted and emerged 

basin between the Kallidromon and Knimis ranges (Figure 2). Its sedimentary infill is mainly 

composed of lacustrine and fluvial sediments (Dermitzakis and Papanikolaou, 1981; Kranis, 

2007) that have been deposited since Late Miocene or Early Pliocene (Celet and Delcourt, 

1960; Symeonidis, 1974; Lemeille, 1977; Ioakim, 1986). The Reginio Basin is bordered by 

two of the major normal fault systems within the North Evia domain: the Kallidromon–

Atalanti–Martino (KFS and AMFS) and the Kamena Vourla–Arkitsa (KVAFS) fault systems 

(Figure 2), which resulted from a broadly N–S direction of extension (Kranis, 2007).  
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 In the western extension of the North Evia Gulf, the Sperchios Basin is considered an 

asymmetrical graben, mainly controlled by the north-dipping normal faults of the Sperchios–

Ipati Fault Zone (Eliet and Gawthorpe, 1995; Kilias et al., 2008, SIFZ in Figure 2). This basin 

was initiated during the Pliocene and is mainly filled with Pleistocene and Holocene 

sedimentary deposits (Apostolopoulos, 2005; Pechlivanidou et al., 2014, 2018). Based on 

resistivity and gravity data, Apostolopoulos (2005) have observed the complex geometry of 

the top-basement surface below the Neogene deposits, with a strong longitudinal partitioning 

along the rift and the several small sub-basins.  

 There are several faults on North Evia Island; the NE–SW-directed Kechriae and 

Prokopi–Pilion normal Fault Zones (KEFZ and PPFZ, Palyvos et al., 2006, Figure 2) along 

the edge of the Nileas Depression (Palyvos et al., 2006) are of particular interest. These faults 

likely control the subsidence of the Nileas Depression and the corresponding relative uplift of 

the Ksiron and Kandili topographic highs (Palyvos et al., 2006). The current seismicity of the 

North Evia region highlights the present activity along these fault zones, as well as several 

other fault segments. 

 The North Evia Gulf has been subdivided into three sub-basins by Sakellariou et al. 

(2007): the Western Basin (WB), the Central Basin, and the South-Eastern Basin, here called 

the Eastern Basin (EB, Figure 2). The Western Basin is oriented E–W and displays more 

pronounced subsidence in the south than in the north. It is a shallow bathymetric area (~100 m 

maximum water depth) filled by deltaic sediments originating from Mount Knimis and 

Reginio Basin (Figure 2). The northern boundary of the Central Basin is very steep and is 

controlled by a major fault system: the Aedipsos–Politika Fault System (APFS, Figure 2). 

Although the strike differs greatly between the NW–SE fault segments and the almost E–W 

fault segments near Aedipsos, these fault segments are treated as part of the same fault system 

because they share the same characteristics (relative age, throw, Holocene slip rate) and they 

form the northern boundary of the rift. The southern boundary of the Central Basin also seems 

to be controlled by normal faults (Sakellariou et al., 2007). This deformation zone is studied 

in much greater detail in the present study. The final sub-basin, the Eastern Basin, similar to 

the Western Basin, is also shallow (~100 m maximum water depth) and is cross-cut by the 

NW–SE-striking, seismologically active Melouna Fault Zone (Ganas et al., 2016, MFZ in 

Figure 2). Van Andel and Perissoratis (2006) and Sakellariou et al. (2007) have focussed on 

the distribution of the Holocene sedimentary unit in these three sub-basins. This unit 
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corresponds to the Upper Sequence (US) and was dated as Holocene from gravity and box 

core sampling and analysis by Sakellariou et al. (2007). 

3. Data and methods 
 In order to improve our understanding of the geology of the North Evia region, an 

offshore geophysics approach based on the acquisition of very high-resolution seismic data 

(Sparker) was used. The datasets were acquired during the WATER 1 and 2 surveys aboard 

R/V Téthys II in 2017 and 2021. The study area included the North Evia Gulf, the Maliakos 

Gulf, the Lichades Zone, the Oreoi and Artemision Channels, and the Skopelos Basin (Figure 

3). Our seismic profiles overlap a previous single-channel airgun seismic dataset (Sakellariou 

et al., 2007) in the North Evia Gulf (Figure 3).  

 Previously investigated by Van Andel and Perissoratis (2006) and Sakellariou et al. 

(2007), the North Evia Gulf has been described through high-resolution Sparker (500–1000 

Joules, single-channel) and 10 in
3
 airgun (single-channel) seismic profiles. The WATER 

surveys acquired ~1800 km of very high-resolution Sparker seismic profiles (50–300 Joules, 

single-channel) using a SIG Sparker and a high-resolution single-channel streamer as the 

receiver. The data acquisition trace intervals range from 333 ms in very shallow areas to 3333 

ms in the deepest areas surveyed. We chose to apply a band-pass filter with corner 

frequencies of 50, 100, 500, and 1000 Hz to eliminate noise. The expected vertical and 

horizontal resolutions were between 1 and 4 m. The dense network of the Sparker profiles 

enables accurate interpretations and correlations with previous studies and provides data from 

non- or poorly documented areas, such as the Maliakos Gulf, the Oreoi and Artemision 

Channels, and the Skopelos Basin (Figure 3). 

 The WATER data was acquired at various water depths (Figure 3). The shallowest 

parts were located around the volcanic Lichades Islands, in the bay of Livanates, and in the 

Oreoi Channel, where some profiles have been recorded with only a few metres of water 

(Figures 2 and 3). On these profiles, the first sea-bottom multiple, which is a seismic artefact, 

appears rapidly. The deepest parts of the survey area were located in the Central Basin of the 

North Evia Gulf and the Skopelos Basin (Figures 2 and 3). 

 Numerous correlations between the airgun and the Sparker datasets are possible and 

allow tectonic and sedimentary interpretations through the entire North Evia Gulf in 

particular, in the Upper Sequence, which is considered to be from the Holocene (Van Andel 

and Perissoratis, 2006; Sakellariou et al., 2007). This Upper Sequence enables the estimation 
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of the relative age of deformations. All the seismic interpretation was achieved following the 

seismic stratigraphy approach developed by Mitchum et al. (1977). The Upper Sequence has 

been recognised for its erosive basis accompanied by onlaps and downlaps. 

 We also used published bathymetric and topographic data from EMODnet and 

SRTM30 datasets, respectively (Farr et al., 2007, Figure 2), to create a Geographic 

Information System (GIS) database. Bathymetry data can help to map significant 

morphological expressions of faults identified by seismic data if they appear on the sea floor. 

In order to discuss the activity of faults and the nature of the deformation within the North 

Evia region, we exploited several earthquake and focal mechanism databases (United States 

Geological Survey Latest Earthquakes, Aristotle University of Thessaloniki, Global Project 

Centroid Moment Tensor, Ekström et al., 2012, International Seismological Centre, Storchak 

et al., 2013; Di Giacomo et al., 2018, and microseismicity studies from Kiratzi, 2002). The 

ages of the main geological units have been added to the GIS database from the 1:50000 

geological maps of IGME (Institute of Geology and Mineral Exploration, Marinos et al., 

1957, 1963, 1967; Papastamatiou et al., 1960, 1962; Maratos et al., 1965, 1967; Tataris et al., 

1970; Katsikatsos et al., 1978a, 1978b, 1980, 1981; Parginos et al., 2007). We chose to map 

the Quaternary, Neogene, and Jurassic (Pelagonian) sedimentary units and the ophiolite units 

separately (Figure 4). It is, therefore, possible to observe the different Neogene sedimentary 

basins, the Jurassic Pelagonian basement rocks, and the ophiolite nappes. This allows us to 

discuss the location of deformation and the possible role of inherited structures. 

 In this study, we considered three categories of fault in terms of timing in order to 

precisely place recent and active deformation in North Evia: 1) the faults affecting the 

bathymetry, 2) the faults shifting horizons from the Upper Sequence but not the sea floor, and 

3) the faults sealed by the base of the Upper Sequence or older horizons. To determine the 

vertical offsets along the faults, we measured the time offsets on seismic lines, and we depth-

converted the obtained values using seismic velocities from 1600 to 2000 m·s
−1

 according to 

the young ages of the observed sedimentary units and the velocity ranges provided by Press 

(1966), Mavko et al. (1998), and Stewart (2011) for siliciclastic sediments. A mean velocity 

of 1800 m·s
−1

 was used to estimate the throws in the sediments. We used a velocity of 1500 

m·s
−1

 in seawater to estimate the sea floor offsets. The measures of offsets along the normal 

offshore faults identified from the seismic analysis were performed within the youngest 

seismic units affected by deformation. In the case of faults affecting the bathymetry, the 

offsets were deduced from the observed shift in the bathymetry. In the shallower areas, where 
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only the Upper Sequence was observed, the measured offsets are minimal. Therefore, they 

may be underestimates. Consequently, some faults now considered minor, with activity 

during the Holocene or older, could have played a more important role during previous 

deformation phases. All the seismic profiles (Sakellariou et al., 2007 and WATER surveys, 

Figure 3) were interpreted using the IHS Kingdom Suite software. Then, the interpretations 

were integrated into a GIS database built using QGIS (QGIS.org, 2023). We complemented 

our offshore investigations with fieldwork on North Evia Island, the Reginio Basin, and the 

southern coasts of the North Evia Gulf. The seismic profiles presented in this paper are 

vertically exaggerated to show the angular relationship between the seismic units more 

clearly. Because of this vertical exaggeration, the faults appear vertical or with a very high dip 

angle. To determine the displacement, we worked with non-exaggerated profiles, leading to 

the characterisation of the real dip angle. Several faults were distinguished as major faults 

when they affected the bathymetry and showed offsets larger than 50 m. The offshore 

structural analysis allowed us to update the structural map of the North Evia Gulf, provide 

new insights into the Oreoi and Artemision Channels and Skopelos Basin, and compile the 

onshore faults to present the major deformation zones within the whole North Evia region, 

onshore and offshore (Figure 4). Four specific zones are detailed in the following sections: the 

Lichades Zone, North Evia Gulf, Oreoi Channel, and Skopelos Basin. 

4. Results  

 4.1. Seismic interpretation 

  4.1.1. Identification of the seismic units 

 This study presents new interpretations and insights into the fault networks (Figure 4) 

within the whole North Evia region, especially in the North Evia Gulf. We present the 

approach we used based on analysing seismic facies (Table 1) and identifying major fault 

zones both offshore and onshore.  

 Using seismic profile analysis, three major seismic units were distinguished from top 

to bottom: the Upper Sequence, Unit A (UA), and Unit B (UB). They are defined by different 

seismic facies and terminations of reflectors (toplaps, downlaps, and onlaps, Table 1). Based 

on the studies of Van Andel and Perissoratis (2006) and Sakellariou et al. (2007), the Upper 

Sequence has been identified and characterised in the very high-resolution WATER survey 

profiles. This unit is considered to be post-glacial Holocene marine sedimentary fill (Van 

Andel and Perissoratis, 2006; Sakellariou et al., 2007). It allows us to determine the relative 
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ages of faults and associated deformations. The Upper Sequence constitutes three parallel to 

sub-parallel and high-frequency seismic facies: SF1, with strong continuity and moderate 

amplitudes; SF2, with high continuity and high amplitudes; and SF3, with moderate 

continuity and low amplitudes (Table 1).  

The boundary between the Upper Sequence and Unit A is an erosion surface (B1, 

Table 1) marked by toplaps in Unit A and overlapped by onlaps within the Upper Sequence. 

Unit A mainly consists of parallel to sub-parallel reflector geometries (SF2 and SF4) and, 

within a certain area, chaotic facies covered by undulated reflectors (SF5). All these seismic 

facies show high frequencies and amplitudes. Unit B comprises four seismic facies with low 

or low to moderate amplitudes and different degrees of continuity (Table 1). The Unit A–Unit 

B boundary (B2, Table 1) is characterised by seismic facies amplitude changes. Some profiles 

located in the Oreoi Channel show erosional truncation between Units A and B. 

  4.1.2. Identification of the offshore faults 

 More than 1500 fault offsets have been identified from the 452 seismic profiles 

available in the North Evia region (airgun and Sparker data). From our interpretations, 140 

faults have been individually identified by correlating the observed fault offsets to seismic 

lines. They have been reported on a GIS to propose the new structural map presented in this 

study (Figure 4). In order to supplement the existing fault datasets in Greece (Ganas et al., 

2013), we present the details of a selection of 46 main faults (Table 2) within the North Evia 

region (Figure 5). We also provide the corresponding KML file in the Appendix. 

 These faults are representative of the deformation of their respective areas. The 

maximum youngest throw has been measured in the youngest unit affected by the fault. The 

relative age has been estimated according to three different markers: 1) offset in the 

bathymetry (post-US), 2) activity during the Holocene Upper Sequence, but the sea floor is 

not affected (Syn-US), and 3) no deformation during the Holocene (Pre-US). We consider the 

faults that offset the Upper Sequence to be active. This leads to considering the Pre-US faults 

as inactive. The Holocene slip rates were calculated from offsets of the base of the Upper 

Sequence, and the knowledge that the Holocene started 11.7 kyr ago (Cohen et al., 2013). As 

the Upper Sequence is not identifiable in the Skopelos Basin, we could not determine 

Holocene slip rates for the faults in this part of the study area. 
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 4.2. Deformation in the North Evia region 

  4.2.1. The Lichades Zone 

 The Lichades Zone extends from the Maliakos Gulf to the Lichades Peninsula (Li) and 

from the Oreoi Channel to the coasts of Central Greece (Figures 4 and 6). This area defines 

the transition zone between the Sperchios Basin and the North Evia Gulf, constituting the 

Sperchios–North Evia Gulf rift. The Lichades Zone is characterised by ~500,000-year-old 

calc-alkaline volcanism belonging to the Aegean volcanic arc (Pe-piper and Piper, 1989; 

Innocenti et al., 2010). From seismic data, we interpreted the chaotic seismic facies covered 

by strongly undulated reflectors at the top as lava flows from the Lichades volcanic structures 

(Figure 7). 

 The Lichades Zone (Figure 6) is mainly controlled by north and south-dipping normal 

faults, directed E–W, with small offsets generally not exceeding ~12 m (15 ms TWTT, 

Figures 7 and 8). A different deformation pattern with folded high-amplitude reflectors was 

observed close to the volcanic islands. This area forms a horst-like shoal, the northern margin 

of which is a well-marked north-dipping normal fault (Figure 7). The deformation along other 

faults becomes younger towards the south, and the offsets are larger than in the north (Figure 

8). The southern faults dip northwards while the northern ones dip southward. Thus, this area 

shows a small graben (Figures 6 and 8). 

 The northern part of the WAT17_124 profile is characterised by at least one anticline 

and a major north-dipping normal fault with a ~6 m (~8 ms TWTT) offset at the sea floor 

(Figure 7). This normal fault, called the Oreoi Fault (OrF), corresponds to the Li10 fault 

(Table 2). We consider this fault active, as shown by the throws within the Holocene (US), the 

offset, and the bathymetry. Thus, we estimated a minimum Holocene slip rate of 0.77 mm/yr. 

The anticline axis was not apparent in another seismic profile, so it is not possible to correlate 

it and determine its direction. 

The southernmost fault in Figure 8 is listed as Li3 in Table 2. This normal fault 

displays a maximum throw at the base of the Holocene of ~5.4 m (6 ms TWTT). This limit is 

below the first multiple of the sea floor (M); therefore, this interpretation of the seismic 

reflector is uncertain. As illustrated in Figures 7 and 8, the Upper Sequence depocentre is 

located in the southern part of the Lichades Zone, close to the shoreline, with a thickness 

reaching ~40 m (50 ms TWTT). The southwards thickening of Upper Sequence deposits 
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cannot be verified as controlled by an offshore fault. It could be controlled by the Molos Fault 

or another segment of the inland Kamena Vourla–Arkitsa Fault System (Figure 6). 

  4.2.2. The North Evia Gulf 

 The North Evia Gulf rift is located between North Evia Island and Central Greece 

(Figure 9). This gulf can be divided into three sub-basins based on morphological and 

structural data, as mentioned above. Two main fault systems control the deformation within 

the North Evia Gulf: the offshore Aedipsos–Politika Fault System (Figure 8), which borders 

the southern coast of North Evia Island, and the onshore Atalanti–Martino Fault System, 

which runs from Atalanti to Larymna (Figures 4 and 9).  

 The Aedipsos–Politika Fault System dips southwards with a significant change in 

direction from E–W between Aedipsos and Mount Telethrion to NW–SE between Mount 

Telethrion and Limni (Figure 9, Sakellariou et al., 2007; this study). This fault system 

coincides with an important bathymetric scarp on the northern margin of the North Evia Gulf. 

According to some authors (e.g. Sakellariou et al., 2007; Evelpidou et al., 2012), the 

Aedipsos–Politika Fault System could extend to the southern coast of Mount Kandili and 

continue inland across the Politika plain (Politika Fault/PoF, Figure 9). However, the 

available seismic data do not give a precise location for the Aedipsos–Politika Fault System 

south of Limni. Thus, we represent this southern propagation with a dashed line in Figure 9. 

   4.2.2.1. The Western Basin (WB) 

 The deformation within the Western Basin is restricted to several faults east of the 

basin at the boundary with the Central Basin. These faults define the Western Fault Zone 

(Figure 8). This zone forms a complex graben characterised by fault segments with various 

directions, mainly E–W and NNE–SSW (Figures 9 and 10). The highest fault offsets occur 

along the faults that dip south and south-east (Figures 9 and 10). This graben separates two 

structural domains that show different seismic facies and deformation styles. The northern 

domain, referred to here as the Aedipsos Platform, can be divided into three zones by 

considering the significant variations in reflector geometries (Figure 10). From south to north, 

the first zone shows low-dipping reflectors with an overall anticline shape cut by normal 

faults (1, Figure 10). The second zone appears more intensely folded and highly disrupted by 

faults that are difficult to interpret because of the lack of reliable seismic markers (2, Figure 

10). Finally, the third zone is characterised by high-angle north-dipping reflectors, which 

progressively decrease in dip to the north, towards the coast of North Evia Island (3, Figure 
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10). Thus, the Aedipsos Platform corresponds to an intensely deformed area where the faults 

and the folds cannot be correlated due to the lack of seismic profiles. 

 The southern region of the Western Basin shows several normal faults with small 

offsets and one major normal fault located close to the southern boundary of the basin (Figure 

10). The latter, labelled as WB4 in Table 2 and Figure 5, dips northwards and offsets the base 

of the Holocene by ~12.6 m (~14 ms TWTT). Considering that, we estimated a minimum 

Holocene slip rate of 1.08 mm/yr. In the hanging wall of these normal faults, the Upper 

Sequence presents large thicknesses (~30 ms TWTT, ~27 m thick) with a southward open fan 

shape. Beneath the Upper Sequence, the offset of the Unit A sequence appears much larger 

than the offset of the Upper Sequence, although it is impossible to correlate the reflectors of 

Unit A and Unit B on either side of the fault. It is noteworthy that, in the hanging wall, Unit A 

and Unit B are folded, whereas those of the Upper Sequence are sub-horizontal. The origin of 

these folds remains unclear, although the normal fault is very clear.  

   4.2.2.2. The Central Basin (CB) 

 The Central Basin Fault System (CBFS) extends from the east of the Arkitsa Fault 

(Ar) to the north of the Malesina Peninsula (Figure 9). Mainly directed WNW–ESE, this fault 

system shows large offsets (~50–70 m) along the southern slope of the deep basin (Figures 11 

and 12). The major fault segments of the Central Basin Fault System are referred to as CB2 

and CB6 in Table 2 and Figure 5. These faults present a minimum Holocene slip rate of 5.38 

mm/yr. In the north, the Central Basin is bordered by the faults of the Aedipsos–Politika Fault 

System (Figures 9 and 11). One of these faults, labelled CB1 (Table 2), displays an offset of 

at least ~55 m (74 ms) in the bathymetry and a minimum estimated Holocene throw of 7.08 

mm/yr. 

 On its western side, the reflectors of Unit A are south-dipping in the platform area but 

become slightly north-dipping towards the northern edge of the platform area (Figure 11). In 

the Central Basin, the platform area is located in the south (Figures 11 and 12). On the eastern 

side of the Central Basin Fault System, between the Malesina Peninsula and Limni, the 

reflectors are sub-horizontal on the platform and slightly south-dipping in the slope area 

(Figure 12). Unit B shows sub-horizontal reflectors from east to west on the platform that 

become south-dipping towards the slope (Figures 11 and 12). The reflectors in the deep basin 

display a northward fan shape, open towards one of the faults of the Aedipsos–Politika Fault 

System (Figure 11). 
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 The north-dipping faults between the platform and the Central Basin are the major 

faults of the Central Basin Fault System (Figure 9). The other segments of the Central Basin 

Fault System, located towards the south of the profile, individualise a few small grabens (km-

scale in length) with smaller offsets than those to the south (5–30 ms TWTT, Figures 9, 11, 

and 12), which do not affect the sea floor.  

   4.2.2.3. The Eastern Basin (EB) 

 The Eastern Basin (Figure 9) presents major deformation along the NW–SE-striking 

Melouna Fault Zone (MFZ, Sakellariou et al., 2007). The most important segment with the 

largest offsets dips south-westwards. The westernmost segment of the Melouna Fault Zone 

(EB1 in Table 2 and Figure 5) affects the bathymetry and displays a maximum Holocene 

throw of approximately 6.3 m (7 ms TWTT). Thus, the minimum Holocene vertical slip rate 

is estimated at 0.54 mm/yr. The Melouna Fault Zone is marked by significant seismic activity 

with strike-slip focal mechanisms suggesting left-lateral displacements (Ganas et al., 2016 

and compilations realised in this study). The Melouna Fault Zone separates the Eastern Basin 

into two sub-basins. The northern sub-basin (Kandili) is characterised by a northward 

thickening of the Upper Sequence and the older units, corresponding to Unit A and Unit B 

(Figure 13). The Eastern Basin shows a singular seismic unit composed of undulated 

reflectors (URU, Figure 13) observed only in this area. Units A and B could not be correlated 

from the northern to the eastern sub-basins. Nevertheless, the same strong differences in 

seismic facies are present between the strong-amplitude facies beneath the Upper Sequence 

and the weak-amplitude facies beneath the undulated reflectors, compared with those between 

Units A and B in the Western and Central Basins (Figure 13). On both sides of the undulated 

reflectors, these units are hypothetically referred to as Unit A and Unit B (UA? and UB? in 

Figure 13). 

 Thus, three main directions of normal faults are present in the North Evia Gulf: NW–

SE, WNW–ESE, and E–W (Figures 4 and 9). The WNW–ESE orientation is the most 

common, and some faults with this direction show bathymetric offsets locally exceeding 

~55.5 m (70 ms TWTT).  

  4.2.3. The Oreoi Channel 

 The Oreoi-Artemision Channel is a 60-km-long narrow straight (3 to 10 km wide) that 

connects the North Evia Gulf to the Skopelos Basin (Figure 4). From the available data, the 

Oreoi Channel (OC, Figure 4) does not contain very intense deformation. A few normal faults 
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are observed across the channel axis (Figures 4 and 14). At least one of these faults affects the 

Holocene Upper Sequence and coincides with a small bathymetric scarp (OC3, Table 2, 

Figures 5 and 14, offset of ~2.25 m, 3 ms TWTT). The observed offsets reach about 22.5 m 

(25 ms TWTT) at depth, at the limit between sequences interpreted as Unit A and Unit B 

(UA? and UB? in Figure 14). 

  4.2.4. The new Skiathos Basin 

 The Skiathos Basin is a major depocentre at the NE end of the Artemision Channel, 

newly discovered from the WATER seismic dataset. Indeed, prior to this study, no marine 

data except bathymetry existed, and no significant depression was observed in the bathymetric 

data because the basin is almost filled by recent sediments (Figure 15). Our seismic 

interpretations revealed several major structural elements in this key area between Skiathos 

Island and the NE–SW-oriented Oreoi–Artemision Channel.  

 The Skiathos Basin is separated from the deep-water Skopelos Basin (Figure 15) by a 

partly buried structural ridge characterised by chaotic seismic facies (Figures 16 and 17). We 

name this ridge the “Evia–Skiathos Ridge”, and we interpret this acoustic basement high as 

most probably composed of the Mesozoic basement. Other basement asperities, with similar 

chaotic seismic facies, are completely buried in this area, including the opposite border of the 

Skiathos Basin (Figures 16 and 17). 

 Several seismic sequences were deposited between these basement ridges, forming 

three individual depocentres. By the time of the deposition of one of the most recent 

sequences (S6), these small depocentres were connected to form a singular Skiathos Basin 

(Figure 16), leading to the burial of most of the ridges. The S6 sequence belongs to the distal 

part of the sixth clinoform sequence of a large Quaternary system prograding north-eastwards 

out of the Artemision Channel (Caroir, 2022). The uppermost sediments are correlated with 

the Holocene Upper Sequence (US, Figures 15 and 16).  Within the main depocentre, the 

basin reaches a thickness of at least 225 m (250 ms TWTT, down to the sea-bottom multiple). 

 Further north, the main depocentre slightly widens, and the smaller one has less lateral 

continuity, although they still exist between the uneven basement ridges (Figure 17). This 

main depocentre also displays some normal faults, that are dipping westward (Figure 16) or 

eastward (Figure 17). These dipping variations occur on short distances (few kilometres) 

along strike. (Figure 15). The older sedimentary units also show some flexures and very 

heterogeneous distribution. These small deep depocentres, flexed sediments, and opposing 
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fault dips, together with the rapid along-strike variation in structural geometries, evoke a 

strike-slip corridor (e.g. Barnes and Audru 1999). The main faults identified in the basin are 

NE–SW-striking with apparent normal offsets (Figures 15, 17 and 17). The main NW-dipping 

fault (Figure 16), referenced as Skib1 (Table 2 and Figure 5), predates the S6 unit and shows 

an offset of approximately 13.5 m (15 ms TWTT) in the pre-S6 series. The main SE-dipping 

fault (Figure 17), referenced as Skib2 (Table 2 and Figure 5), mainly offsets the pre-S6 series 

but also shows a moderate offset at the base of this S6 unit (approx. 3.6 m, i.e. 4 ms TWTT). 

Although these normal faults show opposite dips, they belong to the same faulted corridor that 

was active during the Quaternary but not since the beginning of the Holocene, as they are 

clearly buried by the Holocene Upper Sequence. 

  4.2.5. The Skopelos Basin 

 The Skopelos Basin is located between North Evia and Skopelos Island (Figures 3 and 

15). This triangular basin constitutes the deepest area of the North Evia region (~1050 m 

depth). Its south-eastern boundary is formed by several seamounts oriented roughly NE–SW, 

with depths ranging from 100 to 400 m (Figure 15). These seamounts are located near a very 

steep slope to the deep basin (Figure 4). From our seismic data interpretations, the south-

eastern boundary is mainly controlled by a major fault striking NE–SW that we have named 

the South Skopelos Fault (SSF, Figures 15 and 18). This fault, running along a 13-km-long 

scarp, is NW-dipping and shows a major vertical offset of up to several hundred metres 

(Figure 18). Sakellariou and Tsampouraki-Kraounaki (2019) have also reported major faults 

in this region with WNW–ESE direction and secondary faults trending NNE–SSW.  

 4.3. Analysis of brittle deformation in the North Evia Island 

 Field data were acquired on North Evia Island in September 2019 (Figure 19) to (1) 

document possible correlations between faulting on land and major offshore fault segments 

and (2) to constrain the kinematics of recent faults from brittle deformation analysis in 

Neogene to Quaternary sediments. Among the several strike-slip faults identified from sub-

horizontal striations, some were reliable indicators of dextral (blue faults on stereonets, Figure 

19) or sinistral movement (red faults on stereonets, Figure 19). Our field observations also 

reveal a large NE–SW-striking dextral strike-slip fault east of Limni (6, Figure 19) and a large 

NW–SE-striking sinistral strike-slip fault near the Artemision Channel (1, Figure 19). The 

latter has the same direction as a nearby normal fault, extracted from the National 

Observatory of Athens (NOA) fault database (Figure 19, Ganas et al., 2013). In the 

northernmost part of Evia, other sets of faults also showing this NW–SE direction are normal, 
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with dip-slip slickensides (stereonet 2, Figure 19) consistent with the NOA fault mentioned 

above (i.e. Ganas et al., 2013).  

 The eastern coast of North Evia also shows sets of conjugate strike-slip faults (e.g. 

stereonet 4, Figure 19) that can be interpreted as the result of either NNE–SSW extension or 

ENE–WSW compression. The occurrence of numerous normal faults (stereonet 3, Figure 19), 

with decametric to metric-scale offsets, giving evidence for N–S to NNE–SSW extension, 

suggests that the sets of strike-slip faults are also associated with that extensional 

deformation. Along the south coast of North Evia, near Limni, a similar structural pattern can 

be observed with c. NE–SW-directed dextral strike-slip faults and c. NW–SE-directed 

sinistral strike-slip faults (stereonet 8, Figure 19). These fault orientations are compatible with 

the N–S direction of extension inferred from sets of normal faults (e.g. stereonet 7, Figure 19).  

5. Discussion 

 The seismic profile analysis highlights three main seismic units: the Upper Sequence, 

Unit A, and Unit B. Previous studies have interpreted Upper Sequence as Holocene post-

glacial filling (Van Andel and Perissoratis, 2006; Sakellariou et al., 2007). Units A and B are 

older than the Upper Sequence, but we cannot specify their ages. Consequently, the fault 

kinematic interpretations are restricted to the Holocene, and the slip rates are estimated on the 

offsets of the Upper Sequence base. This method could underestimate the slip rates if the fault 

initiated during the Holocene (Table 2). Despite that, high slip rates were measured in the rift 

basins: 1.15 mm/yr in the Lichades Zone, 1.69 mm/yr in the Western Basin and 5–7 mm/yr in 

the Central Basin.  

 5.1. Discussion of the main faulted regions 

 The Oreoi Fault (OrF) 

 In the Lichades Zone, a north-dipping normal fault was identified from seismic data, 

which significantly offsets the bathymetry (Li10 in Table 2 and Figure 5, OrF in Figure 7). 

This fault trace appears in the western extension of the NE–SW-striking Oreoi normal fault 

along the north-western border of the Lichades Peninsula that has been mentioned in previous 

studies (Galanakis et al., 1998; Palyvos et al., 2006; Kilias et al., 2008). Thus, this fault seems 

to be one of the main active structures within the Lichades Zone, playing a major role in the 

present-day deformation and the development of the Oreoi Channel. 

 The Western Fault Zone (WFZ) 
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 The Western Fault Zone, located in the Western Basin, consists of two main normal 

faults with opposite dip directions (Figure 10). They both affect the seafloor with significant 

offsets (~7 m). This configuration displays a well-expressed linear trough that represents an 

active graben. Nevertheless, this obvious linear structure does not show significant lateral 

extension. The major fault bordering the graben to the north (Figure 10; WB7 in Table 2 and 

Figure 5) is the most continuous and is relatively easy to correlate as it separates two very 

different structural domains: the Western Basin and the Aedipsos Platform (Figure 10). For 

this reason, we consider the WB7 fault the most important fault within the Western Fault 

Zone. Its eastern extension remains uncertain, as the fault pattern changes radically to a NE–

SW direction (Figure 9). It is unclear whether this change in orientation reflects significant 

bending of these faults or if the main E–W faults are cross-cut and offset by a secondary set of 

NE–SW faults. The spacing of the available seismic data in this very complex area does not 

allow us to fully understand the structural pattern associated with this variation in faulting 

orientation. 

 The Central Basin Fault System (CBFS)  

 The Central Basin Fault System is dominated by WNW–ESE-striking normal faults 

(Figure 12), most of which dip to the north (CB2, CB6, CB8, CB9 and CB10 in Table 2 and 

Figure 5) and show significant offsets in the bathymetry. These are similar to the Kamena 

Vourla–Arkitsa Fault System in orientation, dipping, and recent activity. Consequently, we 

interpret the Central Basin Fault System as the offshore propagation of the Kamena Vourla–

Arkitsa Fault System. This onshore and offshore fault system corresponds to a major faulted 

corridor, about 100 km long, most likely representing the main active structure that controls 

the present-day deformation of the southern side of this segment of the North Evia Gulf rift 

(i.e. Central Basin).  

 The Aedipsos–Politika Fault System (APFS) 

 The northward thickening of the sedimentary units in the Kandili sub-basin suggests 

the existence of a major syn-sedimentary normal fault at the toe of the Kandili mountains 

(Figure 9). This fault could not be directly observed from seismic data as it runs along the 

coastline or at a very shallow depth underwater along the narrow platform. This fault is 

inferred from the major basement offset between the Kandili mountains and the deep base of 

the basin, and its existence is supported by recent tectonic activity (Sakellariou et al., 2007; 

Evelpidou et al., 2012). Our observations of growth strata tilted towards the north also support 

the existence of a major fault to the north, with tectonic activity coeval with the development 
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of the North Evia rift. Surprisingly, this NW–SE-directed fault system links westwards to the 

CB1 fault (Table 2 and Figure 5), which trends E–W, i.e. largely oblique to most of the faults 

in the Aedipsos–Politika Fault System. We still consider this segment part of the same fault 

system, as it has a similar throw, age, and dip direction. Furthermore, it also corresponds to 

the northern boundary of the North Evia Gulf rift. 

 The asymmetry of the Sperchios–North Evia Gulf rift 

 The Sperchios–North Evia Gulf rift is usually considered an asymmetric graben (e.g., 

Goldsworthy and Jackson, 2001; Sakellariou et al., 2007; Caroir, 2022; this study). The 

subsidence and the deformation in the western part of the Sperchios–North Evia Gulf rift are 

strongly controlled by the north-dipping faults along the southern margin (Sperchios–Ipati 

Fault Zone and the fault segments of Molos and Kamena Vourla, Figure 6). The subsidence 

and the deformation in the Central Basin, and most likely the Eastern Basin, are preferentially 

controlled by the Aedipsos–Politika Fault System, which is located at the northern margin of 

the rift. Thus, the western and eastern parts of the Sperchios–North Evia Gulf rift show a 

strong asymmetry, with a main depocentre to the south and north of the rift axis, respectively. 

Between these two opposite rift systems (west and east), the Western Basin of the North Evia 

Gulf appears to be relatively symmetric and forms a transition area between the asymmetric 

parts. Consequently, we assume that the N070E-striking normal fault of the Oreoi Channel 

(Oreoi Fault, Figures 4 and 6) plays a significant role in rift development because it delineates 

the change in the rift geometry. Thus, the results of our marine seismic analysis and 

compilation of structural data confirm the asymmetric structure of the North Evia Gulf rift 

and highlight the change in polarity between the Sperchios Basin and the Central Basin.  

 5.2. The current deformation of the North Evia region 

 A large number of seismic events (magnitudes from 3 to > 6) have been recorded from 

the 1970s to the present day (Figure 20-B). Some earthquake swarms indicate a clear E–W 

direction, and several faults identified in this study can be characterised by seismic activity. 

Since 550 BCE, many earthquakes have been reported in historical and archaeological records 

(Figure 20-A). Some were reported in the Maliakos Gulf, the Lichades Zone, south of the 

Oreoi Channel, and between the Western Basin and Central Basin of the North Evia Gulf 

(Figure 20-A). The major events have been estimated at Mw 6.4 in 105 CE, close to the 

Western Fault Zone, Mw 7 in 426 BCE and Mw 6.8 in 551 CE within the Lichades Zone 

(Figure 20-A). Because the locations and magnitudes are approximate, it is not possible to 

associate them with a specific fault zone. However, the area of the Maliakos Gulf, the 
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Lichades Zone, south of the Oreoi Channel, and the Western Fault Zone have historically 

experienced numerous intense earthquakes. These seismic events indicate significant seismic 

activity in the complex junction between the Sperchios Basin, the North Evia Gulf, and the 

Oreoi Channel. 

 The seismic event maps in Figure 20 highlight the intense activity in the vicinity of the 

South Skopelos Fault, south of Skiathos Island and near the northern coast of Evia, in the 

western extension of the North Aegean Trough. The earthquake distribution and the focal 

mechanism compilation highlight the seismic activity of the study area in the south-western 

extension of the North Anatolian Fault (Figures 20-B and 21). Moreover, the compilation of 

fault distributions from previous works, together with geological mapping and our marine 

survey datasets, allow us to discuss the active deformation inferred from the focal 

mechanisms. Indeed, the P (pressure) and T (tension) axes issued from these focal 

mechanisms give us an expression of the active deformation and the strain orientation for 

most individual major faults (Figure 22). 

  5.2.1. Right-lateral displacements along major NE–SW faults 

 Ten major NE–SW-striking faults have been identified in North Evia Island, the Oreoi 

and Artemision Channels, and the Skopelos Basin (Figures 4, 21, and 22). Inland, the 

Prokopi–Pilion Fault Zone (Figure 22) is considered an active major normal fault zone 

participating in the deformation of the Nileas Depression (ND, Figure 21, Palyvos et al., 

2006). Some offshore faults (Oreoi Fault and South Skopelos Fault) show significant vertical 

offsets of the sea floor (~6 m and ~450 m respectively, Table 2).  

 However, earthquakes characterised by strike-slip focal mechanisms occurred along 

the Prokopi–Pilion Fault Zone, along offshore faults in the Oreoi and Artemision Channels, 

and in the northernmost parts of North Evia Island. Our field observations revealed NE–SW-

directed strike-slip faults with well-marked slickensides east of Limni (6, Figure 19). 

Assuming that the earthquakes described by strike-slip focal mechanisms took place along 

these NE–SW-striking faults, they show right-lateral displacements (Figures 21 and 22). 

Strike-slip reactivations along former normal faults have been recently observed from a new 

Mw 5 earthquake (3
rd

 November 2023) along the Prokopi–Pilion Fault Zone, with dextral 

motions along NE-SW direction. Accordingly, we consider that most of these NE–SW faults 

were originally normal faults with significant vertical offsets before acting as dextral strike-

slip faults at least at present-day.  
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  5.2.2. Left-lateral displacements along major faults 

 The NW–SE-directed faults from the Aedipsos–Politika Fault System and the 

Melouna Fault Zone constitute the northern border of the North Evia Gulf rift following the 

initiation of rifting during the Pliocene (Jackson, 1999; Goldsworthy and Jackson, 2001; 

Kranis, 2007; Sakellariou et al., 2007). These major faults present relatively large cumulative 

vertical offsets. Currently, they show several strike-slip focal mechanisms, which means that 

their kinematics changed during the rifting. Our field observations on North Evia Island found 

additional strike-slip faults, striking NW–SE with clear horizontal slickensides (1 and 8, 

Figure 19). Assuming that the earthquakes characterised by the strike-slip focal mechanisms 

occurred along these NW–SE fault systems, they must correspond to left-lateral 

displacements (Figures 21 and 22). Thus, we assume that the early normal faults (Aedipsos–

Politika Fault System and Melouna Fault Zone) formed during the rifting have recently been 

reactivated and currently show significant left-lateral displacements.  

 The southern margin of the North Evia Gulf rift is delineated by the Kallidromon–

Atalanti–Martino and the Kamena Vourla–Arkitsa Fault Systems. These fault systems are 

NW–SE- and WNW–ESE-directed, respectively, and present high cumulative vertical offsets. 

Field observations from some of these faults show oblique slip directions with a left-lateral 

component (Figures 21 and 22, Ganas et al., 1998; Kokkalas et al., 2007; Kranis, 2007; Jones 

et al., 2009).  

 Further north, south-east of Alonissos Island (Figures 21 and 22), another major NW–

SE-directed fault system is characterised by active left-lateral strike-slip displacements, as 

shown by seismological data (Ganas et al., 2005; Papanikolaou et al., 2019; data compilation 

realised in this study). This fault system develops at the termination of the southern branch of 

the North Anatolian Fault, which borders the Skyros Basin (Papanikolaou et al., 2019). 

 Most of these active strike-slip corridors are located along faults that dip ~60° to 75° 

and display a large cumulative vertical offset (e.g. ~1000 m for the Arkitsa Fault, Jackson and 

McKenzie, 1999; Kokkalas et al., 2007; Jones et al., 2009), leading to their interpretation as 

former normal faults. The oblique slip evidenced in the field with slickensides on exposed 

fault mirrors also supports such relative chronology. In our study, we assume that most of 

these faults were created during the early extensive episodes associated with the initial 

development of the rift. Several paleomagnetic studies (Kissel et al., 1989; Bradley et al., 

2013) have demonstrated the significance of rotations in this region, which had to be 
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considered to reconstruct the deformation history of the region and understand the present 

complex fault pattern. 

 5.3. Possible role of the North Anatolian Fault 

 Currently, the North Evia region does not show any clear fault segments sharing 

characteristics with the North Anatolian Fault (NAF). The ~20-km-long South Skopelos Fault 

(Figures 15 and 18) might be a good candidate for a fault segment extending the North 

Anatolian Fault to the SW. It is the main fault bordering the Skopelos Basin, trends NE–SW, 

and is responsible for a major scarp in the bathymetry (>500 m). Nevertheless, this fault line 

is not significantly impacted by recent seismicity, and no strike-slip focal mechanisms can be 

attributed to it. Some historical earthquakes have occurred in this area, particularly on the 

northern part of this fault. However, due to the approximate locations, assigning them to this 

specific fault with much confidence is challenging.  

Furthermore, our study highlights some new NE–SW-directed fault lines, as well as a 

narrow basement structure (the Evia–Skiathos Ridge), and also some NE–SW-directed faults 

along the Oreoi–Artemision Channel. We show evidence for an unknown basin, the “Skiathos 

Basin” (section 4.2.4.), at the NE end of the Artemision Channel, characterised by a NE–SW-

trending deformation pattern that could be related to strike-slip deformation (Figures 15, 16, 

and 17). Moreover, some earthquakes in this deformation zone showed strike-slip focal 

mechanisms compatible with dextral displacements in the NE–SW direction. All these 

observations suggest that some dextral strike-slip deformation could develop along the Oreoi–

Artemision Channel in the SW extension of the North Aegean Trough and the North 

Anatolian Fault (Figures 21 and 22). Thus, we propose that some dextral deformations along 

former normal faults could be influenced by transferred strain from the North Anatolian Fault.  

6. Conclusions 

 Based on the interpretation of very high-resolution Sparker and high-resolution airgun 

seismic datasets, the present study provides detailed documentation of the offshore fault 

systems and a structural map of the North Evia Gulf and its vicinity. These new insights 

accurately illustrate the recent and active fault patterns within nearby young rifts located 

immediately southwest of the North Anatolian Fault and the associated North Aegean Trough, 

in the plate boundary zone between the Anatolia–Aegean and Eurasian plates.  
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 Our results outline the structural complexity of the young North Evia Gulf rift (~3.6 

Ma old), where normal fault systems with different directions coexist and remain active. 

Seismic data analysis shows kilometre-scale cumulative vertical offsets of the major NW–SE 

faults bordering the rift, whereas recent left-lateral movements along some of these faults are 

documented by earthquake focal mechanisms. A second generation of large normal faults, 

striking WNW–ESE, also presents large vertical offsets, and most of their lateral onshore 

extensions display oblique slip directions with a left-lateral component (e.g. Arkitsa Fault). 

This study details the eastern offshore propagation of this well-known coastal fault system, 

including the Arkitsa Fault.  

We show that the most recent fault pattern, related to the third generation of normal 

faulting, is E–W-directed. These large normal faults delineate the western part of the rift 

system, including the Sperchios Basin and the Maliakos Gulf. Some E–W-trending faults 

have also developed along the rift axis in the Western Basin and in the Lichades Zone. These 

faults reflect the present-day N–S extension, also indicated by focal mechanisms and geodetic 

data. Compiling seismicity data and focal mechanisms revealed active left-lateral 

displacements along some of the major NW–SE-striking faults, such as the Aedipsos–Politika 

Fault System and the Melouna Fault Zone. Such reactivation of the former NW–SE-directed 

normal faults is compatible with the present-day N-S extensional deformation. In the south-

western extension of the NE–SW-striking North Anatolian Fault, several faults sharing the 

same orientation have been identified. The seismicity along these structures, and associated 

focal mechanisms, show active right-lateral displacements that are also compatible with the 

general N–S extensional deformation over the whole area. 

Our seismic datasets also revealed and described a new basin depocentre, the Skiathos 

Basin, in the south-western extension of the North Anatolian Fault and the North Aegean 

Trough. The Skiathos Basin developed in the axis of the Oreoi–Artemision Channel and is 

bounded to the east from the Aegean Sea by a partially buried narrow basement ridge 

extending between North Evia and Skiathos Island. Moreover, our dataset allowed us to 

significantly improve the tectonic framework of the Skopelos Basin, which is bordered to the 

east by a major NE–SW-striking normal fault parallel to the SW branches of the North 

Anatolian Fault.  

Some additional data, such as deeper seismic profiles and drilling, are necessary to 

fully understand the origin and development of the Skiathos Basin, with its complicated 

sedimentary record and deformation patterns. This basin and its surroundings represent a key 
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area in understanding the whole region, including the processes and timing of the southwest 

propagation of the North Anatolian Fault. Despite the remaining work to be undertaken, this 

study provides significant structural data to improve our knowledge of the development of the 

North Evia region and our understanding of this rather diffuse boundary between Eurasia, the 

Aegean Sea and the North Anatolian Fault. These new insights into the tectonic framework of 

the whole North Evia area can improve both seismic hazard assessment and future strain 

models. 
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Figure Captions 

 

Figure 1: A) Simplified structural map of Eastern Mediterranean (modified after Hejl et al., 2010 and Jolivet et 

al., 2013). GPS horizontal velocities from McClusky et al. (2000); Taymaz et al. (2007) and Müller et al. (2013). 

Aegean volcanic arcs from Vassilakis et al. (2011). B) Map of the main Hellenic units constituting the Greece 

mainland (modified after Ferrière et al., 2012). The study area, the North Evia domain, is located in the red 

square. C) Schematic cross-section (not to scale) from Parnassos Mount to North Evia Island through the North 

Evia Gulf, located by an orange line on the map. IZTF: Internal Zones Thrust Front. 

Figure 2: Bathymetric and topographic map of the North Evia domain, respectively from EMODnet (horizontal 

resolution of 125 m), and SRTM30 network (Farr et al., 2007). Faults compilation realised from previous studies 

(Eliet and Gawthorpe, 1995; Ganas, 1997; Palyvos et al., 2006; Kranis, 2007; Sakellariou et al., 2007; Kilias et 

al., 2008; Evelpidou et al., 2012; Savvaidis et al., 2012; Sakellariou et al., 2016; Porkoláb et al., 2019; 

Mouslopoulou et al., 2022). Faults: AMFS: Atalanti–Martino Fault Segments; Ar: Arkitsa fault segment; HFZ: 

Hyampolis Fault Zone; KEFZ: KEchriae Fault Zone; KFS: Kallidromon Fault Segments; KVAFS: Kamena 

Vourla–Arkitsa Fault System; MFZ: Melouna Fault Zone; NAF: North Anatolian Fault; PoF: Politika Fault; 

PPFZ: Prokopi–Pilion Fault Zone; SIFZ: Sperchios–Ipati Fault Zone. North Evia Gulf: Central Basin (CB), 

Eastern Basin (EB), Western Basin (WB). Li: Lichades peninsula; M: Malesina Peninsula; MG: Maliakos Gulf; 

R: Reginio Basin; T: Telethrion mounts. 

Figure 3: Location map of WATER Sparker data (black lines) and airgun data from Sakellariou et al. (2007) 

with bathymetry and location of presented profiles. AC: Artemision Channel; CB: Central Basin; EB: Eastern 

Basin; Li: Lichades peninsula; MG: Maliakos Gulf; NEG: North Evia Gulf; OC: Oreoi Channel; PG: Pagasitikos 

Gulf; WB: Western Basin. 

Table 1: Seismic units and seismic facies identified from the WATER surveys. Unit A and Unit B are 

represented on the profiles with light colours in the areas where direct correlation does not exist.  

Figure 4: Structural map of the study area from marine seismic data (Sparker data from WATER surveys and 

single-channel airgun data from Sakellariou et al., 2007), and compilation of published faults (Eliet and 

Gawthorpe, 1995; Ganas, 1997; Palyvos et al., 2006; Kranis, 2007; Kilias et al., 2008; Evelpidou et al., 2012; 

Savvaidis et al., 2012; Sakellariou et al., 2016; Porkoláb et al., 2019 ; Mouslopoulou et al., 2022). Geological 

background onland is simplified from 1:50,000 maps of Greece (IGME: Marinos et al., 1957, 1963, 1967; 

Papastamatiou et al., 1960, 1962; Maratos et al., 1965, 1967; Tataris et al., 1970; Katsikatsos et al., 1978, 1978b, 

1980, 1981; Parginos et al., 2007). The offshore area coloured in brown between Skiathos and Evia is the Evia–

Skiathos Ridge, a new structure detailed below in this study (section 4.2.4.). AC : Artemision Channel ; AMFS: 

Atalanti–Martino Fault Segments; APFS: Aedipsos–Politika Fault System; Ar: Arkitsa fault segment; At: 

Atalanti fault segment; CB: Central Basin; CBFS: Central Basin Fault System; EB: Eastern Basin; HFZ: 

Hyampolis Fault Zone; KEFZ: KEchriae Fault Zone; KFS: Kallidromon Fault Segments; Kn: Knimis; KVAFS: 

Kamena Vourla–Arkitsa Fault System; Li: Lichades peninsula; M: Malesina peninsula; MFZ: Melouna Fault 

Zone; MG: Maliakos Gulf; NAF: North Anatolian Fault; OC: Oreoi Channel; PFS: Parnassos Fault System; PoF: 
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Politika Fault; PPFZ: Prokopi–Pilion Fault Zone; R: Reginio Basin; SIFZ: Sperchios–Ipati Fault Zone; SSF: 

South Skopelos Fault; T: Telethrion; TEFZ: Telethrion Fault Zone; WB: Western Basin; WFZ: Western Fault 

Zone.Table 2: Table of the 46 chosen faults, their characteristics and their location are indicated. See the text for 

details. AC: Artemision Channel; CB: Central Basin; EB: Eastern Basin; Li: Lichades peninsula; OC: Oreoi 

Channel; PG: Pagasitikos Gulf; WB: Western Basin. 

Figure 5: Location map of the main faults, listed in Table 2. AC: Artemision Channel; CB: Central Basin; EB: 

Eastern Basin; Li: Lichades peninsula; OC: Oreoi Channel; PG: Pagasitikos Gulf; WB: Western Basin. 

Figure 6: Structural map of the Lichades Zone and its vicinity. The red star indicates the ~500 000 years old 

calc-alkaline volcanic islands. KFS: Kallidromon Fault Segment; Kn: Knimis mounts; KVAFS: Kamena 

Vourla–Arkitsa Fault System; Li: Lichades peninsula; MG: Maliakos Gulf; MoF: Molos Fault; OC: Oreoi 

Channel; OrF: Oreoi Fault; R: Reginio Basin; SIFZ: Sperchios–Ipati Fault Zone; WB: Western Basin. 

Figure 7: Sparker seismic profile WAT17_124 showing the Lichades shoal and fault segments of the Lichades 

Zone. Location in Figure 6. The green triangles and vertical line indicate the location of an anticline axis. OrF: 

Oreoi Fault; UA: Unit A; US: Upper Sequence. Multiples are shaded in light grey. 

Figure 8: Sparker seismic profile WAT17_149 showing deformation within the Upper Sequence and its 

southward thickening. Location in Figure 6. Onlap and toplap terminations are indicated by blue arrows. Li3 

corresponds to the fault listed in Table 2 and located in Figure 5. M: first multiple of the sea floor; US: Upper 

Sequence. 

Figure 9: Structural map of the North Evia Gulf established from WATER and Sakellariou et al. (2007) 

surveys. The profiles presented below are indicated in red. Major faults are represented by thick black lines. The 

hatched area corresponds to the intensely deformed Aedipsos Platform. AMFS: Atalanti–Martino Fault 

Segments; APFS: Aedipsos–Politika Fault System; Ar: Arkitsa fault; At: Atalanti fault; CB: Central Basin; 

CBFS: Central Basin Fault System; EB: Eastern Basin; HFZ: Hyampolis Fault Zone; KEFZ: Kechriae Fault 

Zone; KVAFS: Kamena Vourla–Arkitsa Fault System; Li: Lichades peninsula; MFZ: Melouna Fault Zone; PoF: 

Politika Fault; PPFZ: Prokopi–Pilion Fault Zone; T: Telethrion; TEFZ: Telethrion Fault Zone; WB: Western 

Basin; WFZ: Western Fault Zone. 

Figure 10: Sparker seismic profile WAT17_221 showing the Western Fault Zone (WFZ), the eastern part of the 

WB, and the Aedipsos Platform. Location on Figure 9. The focal mechanism is from the International 

Seismological Centre catalogue (Storchak et al., 2013; Di Giacomo et al., 2018) and has been projected 

following the profile orientation. Multiples are shaded in light grey. The numbers 1, 2 and 3 indicate the three 

zones of the Lichades Platform (see the text for details). WB4 and WB7 correspond to the faults listed in Table 2 

and located in Figure 5. UA: Unit A; UB: Unit B; US: Upper Sequence. 

Figure 11: Airgun seismic profile 4_3 from Sakellariou et al. (2007) showing the rift structure in the western 

part of the CB. Location on Figure 9. CB1 and CB2 are two major faults listed in Table 2 and located in Figure 

5. APFS: Aedipsos–Politika Fault System; CBFS: Central Basin Fault System; M: first multiple of the sea floor; 

MTD: Mass Transport Deposit; UA: Unit A; UB: Unit B; US: Upper Sequence. 
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Figure 12: Sparker seismic profile WAT17_203 and interpretation showing the eastern part of the Central Basin 

Fault System (CBFS). Location on Figure 9. CB10 is one of the faults listed in Table 2 and located in Figure 5. 

UA: Unit A; UB: Unit B; US: Upper Sequence.Figure 13: Sparker seismic profile WAT17_174 showing the 

Melouna Fault Zone (MFZ) separating Larymna and Kandili sub-basins. Location in Figure 9. UA: Unit A; UB: 

Unit B; URU: Undulated Reflector Unit; US: Upper Sequence. Asterisk indicates the major fault, referenced as 

EB4 in Table 2 and Figure 5. 

Figure 14: Sparker seismic profile WAT17_085 showing the main faults observed in the Oreoi Channel. 

Location in Figure 3. OC3 corresponds to the fault listed in Table 2 and located in Figure 5. UA: Unit A; UB: 

Unit B; US: Upper Sequence. 

Figure 15: Structural map of the Skiathos and Skopelos basins established from WATER surveys. The profiles 

presented below are indicated in red. NAF: North Anatolian Fault; SSF: South Skopelos Fault. 

Figure 16: Sparker seismic profile WAT17_019 illustrating the Skiathos Basin with few NW-dipping normal 

faults (in red), the Evia-Skiathos Ridge and other buried basement ridges. Location in Figures 3 and 15. SkiB1 is 

listed in Table 2 and located in Figure 5. S6: 6
th
 clinoform sequence identified in the Artemision Channel; US: 

Upper Sequence. 

Figure 17: Sparker seismic profiles WAT17_059, WAT17_054 and WAT17_053 illustrating the Skiathos Basin, 

the Evia-Skiathos Ridge and SE-dipping normal faults. Location in Figures 3 and 15. SkiB2 is the second fault in 

the Skiathos Basin detailed in Table 2 and located in Figure 5. S6: 6
th

 clinoform sequence identified in the 

Artemision Channel; US: Upper Sequence. 

Figure 18: Sparker seismic profile WAT17_016 illustrating the Skopelos Basin and the South Skopelos Fault 

(SSF). Location in Figures 3 and 15. 

Figure 19: Structural sketch map of NW Evia with reported main faults from the NOA fault database (Ganas et 

al., 2013) including our fault measurements reported on stereonets (equal-area, lower hemisphere). Thicker lines 

on stereonets correspond to major fault planes (over several metres of observed displacement), dashed lines 

correspond to bedding planes. 

Figure 20: A) Structural map and location of historical earthquakes (Mw > 3) from 550 BC to 2011 (black 

circles) from the catalogue of Aristotle University of Thessaloniki. B) Earthquakes instrumentally recorded from 

1970 to 2020 (coloured circles) from the catalogues of USGS Latest Earthquakes and the International 

Seismological Centre (Storchak et al., 2013; Di Giacomo et al., 2018) AC: Artemision Channel; Li: Lichades 

peninsula; MFZ: Melouna Fault Zone; NAF: North Anatolian Fault; NEG: North Evia Gulf; OC: Oreoi Channel; 

PG: Pagasitikos Gulf; SSF: South Skopelos Fault; WFZ: Western Fault Zone. 

Figure 21: Structural map of the North Evia domain with a compilation of the main focal mechanisms with a 

strike-slip component from the International Seismological Centre (Storchak et al., 2013; Di Giacomo et al., 

2018) and Global Project Centroid Moment Tensor (Ekström et al., 2012) catalogues and the microseismicity 

study of Kiratzi (2002). Black beach balls indicate earthquakes located between 0 and 15 km, and grey beach 

balls for earthquakes located between 15 and 30 km. P-axis and T-axis are respectively marked in red and green. 
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AB: Almiros Basin; AC: Artemision Channel; Li: Lichades peninsula; M: Malesina peninsula; NAF: North 

Anatolian Fault; NAT: North Aegean Trough; NEG: North Evia Gulf; OC: Oreoi Channel; R: Reginio Basin; 

SSF: South Skopelos Fault. 

Figure 22: Location of strike-slip corridors deduced from focal mechanisms and fault analysis. AB: Almiros 

Basin; AC: Artemision Channel; APFS: Aedipsos–Politika Fault System; CBFS: Central Basin Fault System; 

KAMFS: Kallidromon–Atalanti–Martino Fault System; KVAFS: Kamena Vourla–Arkitsa Fault System; Li: 

Lichades peninsula; M: Malesina peninsula; MFZ: Melouna Fault Zone; NAF: North Anatolian Fault; NAT: 

North Aegean Trough; OC: Oreoi Channel; OrF: Oreoi Fault; PPFZ: Prokopi–Pillion Fault Zone; R: Reginio 

Basin; SB: Sperchios Basin; SSF: South Skopelos Fault. 
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Seismic units Seismic facies Geometry Continuity Frequency Amplitude 

 

SF1 

 

Parallel to 

sub-parallel 
High High Moderate 

SF2 

 

Parallel to 

sub-parallel 
High High High 

SF3 

 

Parallel to 

sub-parallel 
Moderate High Low 

SF2 

 

Parallel to 

sub-parallel 
High High High 

SF4 

 

Parallel to 

sub-parallel 

Moderate 

to high 
High High 

SF5 

 

Chaotic 

 / 

Undulations 

Low High High 

SF6 

 

Parallel to 

sub-parallel 

Low to 

moderate 
High 

Low to 

moderate 

SF7 

~SF3 

 

Parallel to 

sub-parallel 
Moderate High Low 

SF8 

 

Parallel to 

sub-parallel 
Moderate Moderate 

Low to 

moderate 

SF9 

 

Parallel 

/ 

Locally 

inclined 

High High 
Low to 

moderate 

Table 1: Seismic units and seismic facies identified from the WATER surveys data analysis. Unit A and Unit B 

are represented in the profiles with light colours in the areas where direct correlation does not exist. 

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

 

Table 2: Table of 46 selected faults (location in Figure 5). The Holocene slip rates are estimated from offset of 

the base of the US. The depth-conversions consider a 1500 m·s
−1

 velocity in the water column and an estimation 

of 1800 m·s
−1

 in the US. See the text for details. nd: not determinable. 

Area Fault code 

Mean 

dip  

direction 

Youngest 

 throw 

(m) 

Youngest 

 throw 

(ms) 

Age 

US 

basis  

offset 

(m) 

US basis  

offset 

(ms) 

Holocene  

slip rate 

(mm/yr) 

Lichades Zone 

Li1 NNE 9 10 Pre-US 0 0 0 

Li2 S 3.6 4 Pre-US 0 0 0 

Li3 N 5.4 6 Syn-US 5.4 6 0.46 

Li4 S 4.5 5 Syn-US 4.5 5 0.38 

Li5 SSW 2.7 3 Syn-US 2.7 3 0.23 

Li6 SSE 4.5 5 Pre-US 0 0 0 

Li7 SSW 3.6 4 Syn-US 3.6 4 0.31 

Li8 N 9 12 Post-US 13.5 15 1.15 

Li9 S 4.5 5 Pre-US 0 0 0 

Li10 NNW 6 8 Post-US 9 10 0.77 

 

Western Basin 

WB1 N 5.4 6 Pre-US 0 0 0 

WB2 N 20.7 23 Pre-US 0 0 0 

WB3 NNW 1.8 2 Syn-US 1.8 2 0.15 

WB4 N 3.75 5 Post-US 12.6 14 1.08 

WB5 S 2.25 3 Post-US 5.4 6 0.46 

WB6 N 7.5 10 Post-US 18 20 1.54 

WB7 S 6.75 9 Post-US 19.8 22 1.69 

WB8 N 13.5 15 Pre-US 0 0 0 

 

Central Basin 

CB1 SSE 55.5 74 Post-US 82.8 92 7.08 

CB2 N 52.5 70 Post-US 63 70 5.38 

CB3 N 22.5 25 Pre-US 0 0 0 

CB4 N 13.5 15 Pre-US 0 0 0 

CB5 NNW 4.5 6 Post-US 15.3 17 1.31 

CB6 NNE 41.25 55 Post-US 63 70 5.38 

CB7 SW 63.75 85 Post-US 76.5 85 6.54 
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CB8 NNE 4.5 6 Post-US 18 20 1.54 

CB9 NNW 15 20 Post-US 20.7 23 1.77 

CB10 N 7.5 10 Post-US 13.5 15 1.15 

CB11 N 18 20 Pre-US 0 0 0 

CB12 NNE 16.2 18 Pre-US 0 0 0 

 

Eastern Basin 

EB1 SW 4.5 6 Post-US 6.3 7 0.54 

EB2 SW 13.5 15 Pre-US 0 0 0 

EB3 NE 6.3 7 Pre-US 0 0 0 

EB4 SSW 3.6 4 Syn-US 3.6 4 0.31 

EB5 NNE 9 10 Pre-US 0 0 0 

 

Oreoi-

Artemision  

Channel 

OC1 NNW 13.5 15 Pre-US 0 0 0 

OC2 NNW 6.3 7 Pre-US 0 0 0 

OC3 NNW 2.25 3 Post-US 6.3 7 0.54 

 

Skiathos Basin 
SkiB1 NW 13.5 15 Pre-S6 0 0 0 

SkiB2 SE 3.6 4 Syn-S6 0 0 0 

 

Skopleos Basin 

SkoB1 NW nd nd Post-US nd nd nd 

SkoB2 NNW 45 60 Post-US nd nd nd 

SkoB3 NE 45 60 Post-US nd nd nd 

SkoB4 S 3.75 5 Post-US nd nd nd 

SkoB5 NW 45 60 Post-US nd nd nd 

SkoB6 SE 30 40 Post-US nd nd nd 
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Highlights: 

• New seismic profiles in the western prolongation of North Anatolian Fault 

• Mapping offshore fault networks in the North Evia region, Central Greece 

• Evidence for a new basin between Sporades Islands and North Evia: Skiathos Basin 

• Active strike-slip displacements along NW-SE and NE-SW striking faults 
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