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Abstract: On 30 October 2020, a strong earthquake of magnitude 7.0 occurred north of Samos Island 
at the Eastern Aegean Sea, whose earthquake mechanism corresponds to an E-W normal fault 
dipping to the north. During the aftershock period in December 2020, a hydrographic survey off the 
northern coastal margin of Samos Island was conducted onboard R/V NAFTILOS. The result was a 
detailed bathymetric map with 15 m grid interval and 50 m isobaths and a morphological slope 
map. The morphotectonic analysis showed the E-W fault zone running along the coastal zone with 
30–50° of slope, forming a half-graben structure. Numerous landslides and canyons trending N-S, 
transversal to the main direction of the Samos coastline, are observed between 600 and 100 m water 
depth. The ENE-WSW oriented western Samos coastline forms the SE margin of the neighboring 
deeper Ikaria Basin. A hummocky relief was detected at the eastern margin of Samos Basin probably 
representing volcanic rocks. The active tectonics characterized by N-S extension is very different 
from the Neogene tectonics of Samos Island characterized by NE-SW compression. The mainshock 
and most of the aftershocks of the October 2020 seismic activity occur on the prolongation of the 
north dipping E-W fault zone at about 12 km depth. 

Keywords: swath bathymetry; submarine fault scarp; active fault; submarine canyons; submarine 
landslides 
 

1. Introduction 
Samos Island is located at the Eastern Aegean Sea near the coast with Minor Asia 

along the eastern margin of the Aegean plate (Figure 1). The eastern tectonic boundary of 
the Aegean plate with the Anatolian plate has been considered as a complex zone with 
strong seismicity and E-W graben structures from normal faulting [1–3], which more 
recently has been characterized as the West Anatolian Shear Zone with left-lateral motion 
based mainly on GPS data [4] (Figure 1b). The GPS displacement rate around the Samos 
area is 30 mm/yr to the SW [5–7], and the geodetic strain rate displays small extension in 
the N-S direction without E-W compressive component, as in the areas towards the 
northeast Aegean Islands such as Lesvos [8]. Seismic activity is known since the ancient 
times [9] and continues until today as the October 2020 events have shown. 

The mainshock occurred on 30 October with magnitude 7.0 [10,11], and its focal 
mechanism indicated an E–W trending normal fault dipping to the north. Its epicenter is 
located about 8–10 km north of Samos Island to the north of Karlovassi, situated at the 
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basinal area of the Samos Basin [12]. The activated fault was assumed to be running along 
the northern margin of Samos Island, which bounds from the south the Samos Basin as 
the aftershock distribution also indicated (see fault plane solutions on Figure 6a). A 
remarkable tsunami, reaching a height of 1–3 m, hit the coastal areas around the Samos 
Basin [13], and co-seismic uplift of shorelines at the western coastline of northern Samos 
was observed by 10–20 cm [14]. A tectonic uplift of 10 cm was also detected from co-
seismic interferometric analysis of SAR and GNSS on Samos Island [15]. 

Immediately after the seismic activity and during the aftershock period in December 
2020 a hydrographic survey off the northern coastal margin of Samos Island was 
conducted with Hydrographic – Oceanographic Vessel R/V NAFTILOS of the Hellenic 
Navy Hydrographic Service, using the multibeam SeaBat 7160 RESON. The result of the 
hydrographic survey is presented in this paper with a detailed bathymetric map (15 m 
grid interval and 50 m isobaths) followed by the morphotectonic analysis of the obtained 
bathymetric data and discussion of their relation to the recent seismic activity and the 
active tectonics of the Samos broader area. 

 
Figure 1. The location of Samos Island at the eastern Aegean Sea and the studied area in green frame. 
Red lines correspond to major tectonic structures and black arrows correspond to GPS vectors [16]. 
Orange and blue arrows correspond to geodetic strain rates [17]. A.E: Aghios Efstratios, Al: 
Alonnissos, Am: Amorgos, Chal: Chalkidiki, Chi: Chios, Ev: Evia, Ik: Ikaria, Le: Lesvos, Li: Limnos, 
Patm: Patmos, Pe: Pelion, Sa: Samothraki, Sam: Samos, Sko: Skopelos, Ther: Thermaikos, NAB: 
North Aegean Basin, SaB: Saros Basin, SkB: Skyros Basin, Iz: Izmir. (a) Insert map: the location of 
Samos at the eastern domain III of ENE–WSW neotectonic Aegean arc structure [18]. (b) Insert map: 
Geotectonic position of the studied area of Samos at the eastern margin of the Aegean plate, adjacent 
to the West Anatolian Shear Zone (WASZ) separating it from the Anatolian plate [4]. CHSZ: Central 
Hellenic Shear Zone. 
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Geological Setting of Samos Island 
Samos Island occurs on the medial tectono-metamorphic belt of the Hellenides 

(former Attica-Cyclades massif) at the eastern segment of the Aegean arc, including also 
Ikaria Island [19]. It is characterized by E–W to ENE–WSW oriented neotectonic - 
morphotectonic structures, forming a wide angle with the NW–SE structures of the 
western segment of the Aegean arc, observed along the Evia, Andros and Tinos islands 
[18] (Figure 1a). Both segments comprise an alternation of tectonic horsts (represented by 
the islands) and grabens (represented by the interfingering gulfs and channels) occupying 
a back-arc position, parallel to the frontal arc structures along the Hellenic trenches. The 
main offshore structure in the central eastern Aegean Sea is the Ikaria basin with more 
than 1200 m of depth, whose eastern margin extends up to the NW Samos, adjacent to the 
smaller Samos Basin [20]. Fault plane solutions in the eastern Aegean area indicate normal 
faulting mainly in the E–W direction and strike-slip faulting mainly in the NE-SW 
direction [21]. The geological structure of Samos Island comprises several alpine tectonic 
units and two post alpine sedimentary basins (Figure 2) [22]. The tectonic units of the 
alpine basement form a nappe pile of four metamorphic and one non-metamorphic unit: 
(i) the Kerketeas carbonate platform at the base, representing the relative autochthon, 
forming a tectonic window at the western part of Samos, (ii) the Aghios Ioannis unit, the 
Ambelos nappe and the Vourliotes nappe occurring mainly in the central and eastern 
parts of the island and (iii) the uppermost non-metamorphic nappe of Kallithea, lying 
directly on the relative autochthon Kerketeas marbles through a late extensional 
detachment [23–26]. The observation of Upper Miocene granitic dikes intruding the 
metamorphic rocks beneath the Kallithea detachment plane within the westernmost coast 
of Samos Island indicates a Late Miocene-Pliocene age of the late tectonic movement 
[22,26]. 

 
Figure 2. Simplified geological map of Samos Island [22,23]. 

The E–W orientation of Samos Island is the result of Quaternary deformation that 
created an E–W tectonic horst structure bounded by fault zones running parallel to the 
northern and southern coasts, respectively [27]. The northern fault zone has shaped the 
northern coastline with impressive outcrops of fault scarps at the western part but its trace 
occurs largely offshore at the central and eastern parts. The southern fault zone runs 
mainly onshore, forming: (i) the abrupt southern slope of the Kerketeas Mountain (1433 
m) in Western Samos (ii) passes through the Neogene Karlovassi sedimentary basin (iii) 
continues to the east passing from southern Ambelos Mountain (1150 m) and (iv) ends at 
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Pythagorion, bordering the Neogene sediments of the Mytilini basin to the north from the 
alluvial coastal plain to the south. Thus, the two Neogene sedimentary basins of 
Karlovassi and Mytilini have become inactive during the Quaternary with erosion 
prevailing in their outcrops’ hilly landscapes. 

Both Neogene sedimentary basins are bounded by N–S marginal fault structures, 
where volcanic rocks have intruded during the early stages of the continental sedimenta-
tion, especially along the eastern margin of the Karlovassi Basin and the western margin 
of the Mytilini Basin during Middle-Late Miocene [22] (Figure 2). This volcano-tectonic 
relation indicates the deep nature of the N–S faults bordering the margins of the Neogene 
sedimentary basins, which have been initiated through E–W extension. An intra - Late 
Miocene angular unconformity occurs in the Mytilini Basin between the lower lacustrine 
formation and the middle clastic formation bearing the famous mammal fossils of the Pik-
ermi fauna [28]. Although the early tectonic history of the two continental sedimentary 
basins of Samos is dominated by E–W extension with the formation of N–S trending mar-
ginal fault zones, there is a compressive event with local reverse faults and folding in the 
NW–SE direction [23,29] (Figure 2). The same NW–SE folding is also observed above the 
unconformity in the middle formation of the Upper Miocene clastics, as well as in the 
upper formation of the Pliocene travertines. Thus, the major change of the deformation 
probably occurred in Early Pleistocene, when N–S extension prevailed with E-W oriented 
active normal faults. The N–S extension expressed by the E–W normal faulting is actually 
observed in the area of the Eastern Aegean plate including the Eastern Aegean islands 
and the western coastal zone of Minor Asia, where E–W trending neotectonic grabens are 
developed, with rivers flowing to the west such as the Great and the Lesser Meander 
(Buyuk and Kuyuk Menderes) [30–33]. The active tectonic horst structure of Samos Island 
has produced relative uplift in relation to the Samos Basin in the north and the Samos-
Patmos shallow plateau in the south. However, the outcrops of the continental sediments 
of the Neogene Karlovassi and Mytilini basins remain at low altitudes of few hundred 
meters and additionally their basal unconformity on the metamorphic basement lies sev-
eral hundred meters below sea level. Thus, the overall neotectonic motion is general sub-
sidence of Samos Island and surrounding offshore areas with strong further subsidence 
of the northern block, creating the Samos Basin and minor subsidence of the Samos’ south-
ern block Patmos plateau. Minor Holocene uplift of Samos Island is indicated by the co-
seismically raised coastlines [34]. Thus, the activated E–W striking normal fault running 
along the northern margin of Samos Island during the 30 October 2020 seismic event 
should be considered as another pulse of the ongoing active deformation since Early Pleis-
tocene. 

2. Materials and Methods 
The data presented in this article were obtained during the oceanographic cruise 

onboard the Hydrographic – Oceanographic vessel NAFTILOS of the Hellenic Navy Hy-
drographic Service (Mesogeion 229, TGN 1040, Cholargos, Greece). The swath data have 
been obtained with the hull-mounted RESON SeaBat 7160, operating at 44 KHz nominal 
frequency and setting the beam spacing to equidistant mode that results in the formation 
of 512 beams per swath. The bathymetric data were logged and further processed with 
TELEDYNE PDS (version 4.4.2.5) software suite and gridded at 15m spatial resolution. 

3. Results 

3.1. Bathymetry 
The main result of the hydrographic survey was a detailed bathymetric map based 

on a 15m grid which is presented with 50m contours (Figure 3). The supplementary map 
(Map S1) presents the Swath bathymetry map of the Samos Basin at scale 1:200,000. Samos 
Basin occurs north of the central part of Samos Island, with its deepest part forming a sub-
horizontal area with depths between 650–690 m. This deep part of the basin is developed 
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opposite to the Ambelos mountainous area forming the central part of Samos Island. Its 
southern margin towards Samos is very abrupt, and the 650 m isobath lies only 2–3 km 
off the coast. On the contrary, its northern margin is gradual, and the shallow isobaths of 
150–200 m occur at long distances of 15–20 km from the 600 m isobath. Thus, the Samos 
Basin geometry is highly asymmetric, and the E-W basin’s axis lies parallel and very close 
to the northern Samos coast at an average distance of 5 km. Its western margin, towards 
the deeper Ikaria Basin (more than 1200 m deep), lies north of the Kerketeas Mountain at 
Western Samos along a N–S oriented ridge of 550 m depth and 3–4 km width. Its eastern 
margin is gradual, characterized by a hummocky relief with several picks observed be-
tween the 400 m and 250 m isobaths. The length of Samos Basin along the E-W direction 
(from the division line at 550m of depth in the west to the 200m isobath north of Zoodo-
chos Pighi in the east) is ~35 km, and its width (from the Samos coast to the 200m isobath 
in the north) is ~20–30 km. The western part of the Samos northern coastal zone belongs 
to the southeastern part of the neighboring Ikaria Basin, which is much deeper and wider, 
extending several tens of km to the north. It is also remarkable that the channel separating 
Western Samos and Phourni Islands bisect a shallow water plateau with less than 150 m 
of depth, representing the northern exit of the broad Samos–Patmos plateau. Additionally, 
the overall orientation of the offshore relief and coastline in Western Samos becomes NE–
SW, showing a change of orientation of more than 30°from the area to the east. 

 
Figure 3. Detailed swath bathymetry map of the Samos Basin using 50 m isobaths. The surround-
ing offshore contours are obtained from EDMONET. 
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3.2. Morphological Slopes 
The morphological slope map of the study area shows the distribution of slope values 

distinguished in five categories (Figure 4): (a) flat horizontal areas with slope values 0–1°, 
(b) areas with low slope values of 1–5°, (c) areas with medium slope values of 5–10°, (d) 
areas with high slope values of 10–25°, (e) areas with very high steep slope values >25°.  

 
Figure 4. Morphological slope map of the studied area north of Samos Island. 

The highest slope values (>25°) are observed along the northern coastline of Samos 
Island, forming a rather geometric narrow zone with E-W orientation at the central part 
and NE-SW orientation at the western part. The steep slope zone is 2–3 km wide bounded 
by the basinal depths of 550–600 m up to the 50 m isobaths at the central part and by the 
basinal depths of 900 m up to the 50 m isobaths at the western part. This steep slope zone 
corresponds to the active fault zone (see Figure 8b) bordering the Samos Basin to the south 
and the eastern part of the Ikaria Basin to the southwest. North of the eastern part of Sa-
mos Island the continuation of this steep slope zone is limited to a few areas with gradual 
decrease in slope values. Nevertheless, a chaotic, non-geometric area with high slope val-
ues oriented in various non-linear directions is observed north of the Eastern part of Sa-
mos Island. 

The maximum slope values of 51° have been measured at the NE-SW directed south-
eastern Ikaria margin at the northwestern Samos coastline, whereas 30° of maximum slope 
values have been measured at the southern margin of the Samos Basin. A particular mor-
phological feature observed on the slope map is a narrow zone of medium-high slopes 
with an irregular shape, forming submarine escarpments along the eastern margin of the 
Ikaria Basin. This complex escarpment zone lies between the isobaths of 650–800 m form-
ing the crest line and the isobaths of 750–900 m forming the cliffs’ foot zone. This feature 
resembles the erosional formation of cliffs created by the interlayering of a competent 
litho-stratigraphic formation resistant to erosion within less competent formations. In this 
case, the presence of a compact formation of approximately 200 m thickness might explain 
the submarine relief. Two more narrow zones with medium-high slope values are ob-
served at the northern margin of the Samos Basin at depths between 400–500 m with a 
NW-SE orientation, one to the west of the division line of the Ikaria and Samos basins and 
the other at the central segment of Samos basin. These medium-high slope zones might 
represent normal antithetic faults with small throws of the order of a few tens of meters.  
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The sub-horizontal areas are found in basinal areas and submarine terraces (Figure 
4). The basinal areas correspond to the Samos Basin with depths around 650 m (maximum 
690 m) and the eastern part of Ikaria Basin with depths around 1150 m. Another small 
basin with 200 m depth occurs at the eastern margin of Samos Island. Two submarine 
terraces are observed at the western part of the studied area: (1) One deep terrace at about 
900 m depth to the northwest of the Kerketeas Mountain, extending from the foot of the 
steep slope zone up to the edge of the terrace escarpment which lies at about 150 m above 
the basinal area of the Ikaria Basin. (2) Another terrace at about 550 m depth is observed 
along the division zone between the Samos and Ikaria basins. This terrace continues for 
several km towards the northwest with decreasing width, and its edge forms a minor es-
carpment of a few tens of meters. The northwestern portion of the terrace is bounded by 
a narrow NW-SE trending slope discontinuity zone, probably representing a normal fault. 

3.3. Morphotectonic Analysis 
The major morphotectonic structure that emerges from the bathymetric and morpho-

logical slope maps is the steep morphological slope zone, running along the northern 
coastline of Samos. This major structure corresponds to the submarine marginal fault zone 
that bounds the Samos Basin to the south and the eastern Ikaria Basin to the southeast. A 
3D view of this zone is given in Figure 5 with a view from the NW. The Samos coastal 
zone indicates the upper limit of the marginal fault zone, whereas its lower limit lies at 
this zone’s foot, traced by a red line. The deeper part of the basin in the central area lies 
opposite the Ambelos Mountain whereas the eastern margin lies opposite the much lower 
Zoodochos Pighi Mountain. The hummocky relief is developed just in front of the eastern 
coastal zone of Samos Island. Along the submarine fault scarp, there are areas where the 
alpine basement and the Neogene sediments crop out and other areas where the basement 
is covered by unconsolidated Quaternary sediments, sliding towards the foot of the scarp, 
forming local fans and scree deposits. Several canyons are also observed cutting through 
the scarp’s steep slopes with mass transport from the ravines onshore. The difference be-
tween the faulted southern margin and the smooth northern margin is spectacular, illus-
trating the Samos Basin’s asymmetric structure indicating a half-graben tectonic structure. 

 
Figure 5. Panoramatic diagram of the Samos active margin. The development of the fault scarp par-
allel to the coastal area is impressive. At the foot of the steep slopes, the fault trace is indicated by 
the red line, separating it from the basinal area. The onshore relief area up to the top of the moun-
tains is also shown. At the eastern margin of the basin the hummocky relief north of Vathy, probably 
representing volcanic rocks, stands out from its geometry. North of Kerketeas the relatively shallow 
depths mark the division zone between the Samos Basin to the east and the deeper Ikaria Basin to 
the west. 
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The specific morphotectonic structures along the northern coastal zone of Samos Is-
land can be observed in three segments, corresponding to (a) the southeastern margin of 
Ikaria Basin, (b) the western part of the southern margin of Samos Basin and (c) the eastern 
part of the southern margin of Samos basin (Figure 6). 

 
Figure 6. Detailed bathymetric maps of the northern marginal zone of Samos Island. (a) The fault 
plane solutions of the aftershock sequence 30 October 2020 offshore Samos Isand (from 
http://www.geophysics.geol.uoa.gr/stations/gmaps3/gmapv3_significant.php?mapmode=epic&ln 
g=el&year=0 (accessed on 20 February 2021), as shown in Table S1) The three frames correspond to 
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the detailed bathymetric maps, (b) SE Ikaria Basin, (c) W Samos Basin and (d) E Samos Basin. C: 
Canyon, CH: Canyon Head, Fn: Fan, L: Landslide, T: Terrace, F1, F2 faults. The colored arrows in-
dicate special features explained in the text. 

The western part of the Samos margin faces the eastern Ikaria Basin with very abrupt 
slopes of more than 25°, with a linear trend in the NE-SW direction and a length of more 
than 10 km (Figure 6b). This steep slope zone is made of two faults (F1 and F2 in Figure 
6b) separated by a narrow tectonic terrace at about 650 m depth. The upper fault trace lies 
at 650 m of depth bounding the tectonic terrace (T2) towards the Samos coast at a distance 
of only one km away from the coastline. The fault’s plane can be followed with 50°of slope 
up to the 50 m isobath, representing the steeper tectonic relief of the margin. The second 
fault lies along the medium-high slope zone observed west of the edge of the T2 terrace 
down to the deeper terrace (T3) at 900–950 m of depth. Thus, the very steep upper fault 
has produced a tectonic relief of more than 600 m height whereas the lower fault only 250–
300 m. The overall tectonic relief of the NE–SW fault zone is more than 950 m. Its contin-
uation towards the SW is less linear but extends another 8 km, passing through the main 
canyon (C1) from the Samos – Patmos plateau and draining towards the NW in the Ikaria 
basinal area. The canyon is very steep with high incision of more than 100 m of depth 
difference and 350 m width at an average. Its channeling shows local changes at distinct 
linear morphological zones of NE–SW direction. In between the traces of the high slope 
zones and the edges of the sub-planar low slope zones, we observe terrace-like forms at 
different depths. The same features are observed at the smaller canyon (C2) to the west, 
starting from the Phourni coastal area and ending at the basinal area of the Ikaria Basin to 
the NW. Thus, between the Samos – Patmos plateau and the Ikaria basinal area, we can 
distinguish submarine terraces at 100–150 m (T1), 650 m (T2), 900 m (T3) of depth and the 
basinal area at 1150 m of depth (Figure 6b). The overall structure indicates a dynamic 
nature with strong incision and intense mass transport from the shallow water plateau to 
the basinal area with a total height difference of more than 1000 m. This dynamic nature 
is illustrated by the change of drainage direction of the main canyon from an older 
transport direction towards the NW to a new transport direction to the WNW (shown by 
yellow and red arrows respectively in Figure 6b). Several small canyons oriented NW–SE 
are observed along the steep slopes with only 3–4 km length. 

The western part of the active margin of Samos Basin shows a submarine fan towards 
the north, forming the division line between the Samos and Ikaria basins (Figure 6c). Sev-
eral canyons oriented NNW–SSE to N–S are observed between the 50 m isobath along 
which their canyon heads are aligned and the foot of the high slope zone at 600–650 m 
depth. The steep slope zone of the southern Samos margin is divided in two faults sepa-
rated by a very narrow sub-horizontal zone/tectonic terrace at 220 m of depth. Thus, the 
Samos margin has a total tectonic relief of 650 m with the larger fault occurring deeper 
with higher slope values contrary to the Ikaria margin where the larger fault was much 
steeper but shallower close to the coast with a tectonic relief of more than 950 m. These 
differences indicate the different nature of the two fault segments belonging to the two 
neighboring basins of Samos and Ikaria. Several landslides (L) are observed at both mar-
gins of the fan, separating the Samos and Ikaria basins. Their presence seems to be related 
to the canyons bordering the fan from both sides. 

The eastern part of the Samos margin (Figure 6d) is characterized by the change of 
the slope with smaller slope values and more gradual transition from the shallow to the 
deeper parts of the basin. The perpendicular to the Samos coast canyons are observed at 
the western part north of the outcrops of the metamorphic rocks but disappear north of 
the outcrops of the Neogene sediments. The hummocky landscape forms impressive sub-
marine relief north of the Zoodochos Pighi mountain range, contrasting the margin’s ge-
ometry to the west. Another prominent feature is the twofold change of the flow direction 
of the channel draining the Vathy Gulf with an S shape starting with a flow direction to 
the NW, then changing towards the E and then again turning towards the NNW (red 
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arrow in Figure 6d) for a length of about 4 km and then towards the WNW for another 5 
km up to its exit at the basinal area of Samos Basin at about 600 m of depth. This compli-
cated flow line appears to be controlled by the local tectonic and geological structures with 
the shallow flow towards the NW following the geometry of the Vathy Gulf, which is 
controlled by the NW–SE fault passing through Palaeokastron in Eastern Samos Island 
(See also geological map in Figure 2).  

The overall geometry of the Samos marginal fault zone can also be observed in a 
series of parallel sections across the margin (Figure 7). These sections generally illustrate 
the fault zone and the existence of one or two fault planes in different segments within the 
zone. The sections correspond to two distinct segments: (a) The four westernmost profiles 
shown in brown color (Figure 7a) correspond to the Kerketeas NW–SE oriented profiles 
ending at the Ikaria basinal area (black arrow I.b.) at 950 m of depth. (b) The other profiles 
to the east shown in various colors with N–S orientation end down to the Samos basinal 
area at 600 m of depth (black arrow S.b.). Eastwards, these color profiles become gradually 
shallower. At the easternmost profiles the hummocky relief, probably corresponding to 
volcanic rocks (Vo), stands out above the geometric sea bottom, forming irregular peaks 
at 200–300 m of depth. The main marginal fault of the Ikaria Basin is outlined with very 
steep slopes at the shallow depths between 50–650 m, at a distance of 1 km from the coast, 
whereas the secondary fault occurs at 900–950 m of depth, at a distance of 3–4 km from 
the coast. The main marginal fault of the Samos Basin is observed at the deeper part of the 
steep slopes at about 600 m depth at a distance of 3.5 km from the coast. The difference 
between the NE–SW Samos margin facing the Ikaria Basin and the E–W Samos margin 
facing the Samos Basin is also illustrated in the profiles plotted in the 3D view of the Samos 
margin, viewed from the west (Figure 7b). 
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Figure 7. Parallel morphological profiles across the southern active margin of the Samos Basin. (a) Aligned profiles per-
pendicular to the Samos coastline. The four profiles in brown correspond to the Kerketeas NW–SE oriented profiles ending 
at the Ikaria basinal area (black arrow I.B.) at 950 m of depth. The rest profiles to the east with N–S orientation end down 
to the Samos basinal area at 600 m of depth (black arrow S.B.). The profiles show that the basin gets gradually shallower 
to the east. The hummocky relief stands out above the geometric sea bottom at the easternmost profiles, probably corre-
sponding to volcanic rocks (Vo). (b) 3D view showing morphological profiles perpendicular to the Samos coastline. The 
deeper and steeper four profiles to the west correspond to the Ikaria Basin and the rest to the Samos basin, which gradually 
becomes shallower to the east. 

4. Discussion 
The synthesis of the previously presented offshore morphological data on a mor-

photectonic map also combining the onshore geological data may offer an overall picture 
of the studied area (Figure 8a). The morphotectonic map was based on the classification 
of slope magnitude (Figure 4) which illustrates the zones where there is an abrupt change 
of slope, reflecting the possible location of active tectonic zones in contrast with areas of 
negligible change of slope, reflecting flat-lying areas such as submarine platforms/terraces 
or basinal areas. This methodology has been applied in several cases of the Aegean plate, 
like the North Aegean Basin and the Skyros Basin where the morphotectonic results have 
been verified later by lithoseismic profiling [16,35,36]. The first remarkable conclusion is 
that the onshore tectonic structure of Samos Island is very different from the offshore 
structure of Samos Basin. Thus, the present tectonic processes are very different from the 
previous tectonic and neotectonic structures. Following the NW–SE folding axes and the 
general dip directions of the Neogene sediments on the two Samos continental basins, we 
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can conclude that the previous deformation was due to a compression in the NE–SW di-
rection. This process was subsequently replaced by N–S extension with dominant E–W 
striking normal faults which controls the northern Samos coastline and the marginal fault 
of the Samos Basin. It is remarkable that this deformation has produced a minimum throw 
of 650 m since Early Pleistocene (based on the depth of the subsided basin) without con-
sidering the thickness of the marine Pleistocene sediments beneath the sea bottom). In the 
northern margin of Samos Basin, the thickness of the sediments overlying the acoustic 
basement is more than 1200m [37]. However, this sedimentary thickness might also rep-
resent older Neogene sediments of continental facies, like those of the onshore Samos ba-
sins and not the Quaternary marine sedimentary sequence, related to the active tectonics. 

Thus, a major question regarding the neotectonic evolution of the study area is when 
did the area of the eastern Aegean islands become part of the Aegean Sea with marine 
sedimentation? The only outcrop of marine sediments in the area occurs at the southeast-
ern part of Ikaria Island, dated as Lower Pliocene with unconformable Pleistocene sub-
marine terraces [38–40]. On the other hand, the Kallithea detachment in West Samos and 
its counterparts in Ikaria (Kefala detachment) and Thymaena islands [26,40,41] indicate 
N–S extension already in the (?) Late Miocene-Early Pliocene. 

The overall structure of the Samos Basin resembles the half-graben tectonic structure 
described northwards at the North Aegean Sea across the eastern Skyros fault zone [16], 
where 600 m of Middle-Upper Pleistocene sediments have been detected at the hanging 
wall of the ENE-WSW trending marginal fault. Similar half-graben structures have also 
been described in the Amorgos active fault structures in the South Aegean Sea [42], with 
more than 700m of Plio(?) – Quaternary sediments being detected in the hanging wall.  

The hummocky relief described at the eastern margin of the Samos Basin (see Figures 
3–5 and 7) is known from submarine volcanic outcrops along the Aegean Volcanic arc like 
in the Myrtoon-Antimilos area [43] and other submarine volcanic areas [44]. It might be 
synchronous to the onshore Upper Miocene volcanic formations of Samos, observed along 
the Mytilini and Karlovassi basins (see Figure 2). 
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Figure 8. (a) Morphotectonic map of Samos Island and Samos Basin. (b) N-S cross section through 
the Samos Basin and Samos island. The E–W marginal fault is dipping to the north with 45°. The 
focus of the mainshock of magnitude 7.0 is shown at 12 km depth. The fault plane solutions of the 
October 30th seismic sequence [10] generally show E–W normal faulting (Figure 6a). The main shock 
(Magnitude 7.0) and most of the aftershocks (Magnitudes 5.2–3.9) occur in the central and eastern 
part of Samos Basin, forming a 20 km long seismic belt, which is smaller than expected for this 
magnitude (following the empirical relationships [45]). However, it is remarkable that: (i) there are 
no (large) aftershocks in the western part of Samos Basin, (ii) there are some aftershocks with similar 
plane solutions onshore in the eastern part of Samos Island, south of the major fault zone and (iii) 
there are some aftershocks at the eastern part of Ikaria Basin with the indication of strike-slip com-
ponents besides E–W normal faulting. Thus, the aftershocks (of magnitude >3.9) indicate a “seismic 
gap zone” of about 20 km length extending from the Eastern Ikaria Basin up to the central Samos 
Basin. The focal depths indicate a seismic layer at a uniform level at 12–13 km in the activated area. 
Thus, the activated fault should have an average dip of 45° to the north, as shown in the N–S tectonic 
profile through Samos Island and Samos Basin (Figure 8b). This tectonic structure is compatible 
with the morphotectonic analysis and the very steep slopes of the Samos margin. 
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The western cluster of the aftershocks lies on the western prolongation of the major 
Samos seismic zone. However, its location corresponds to the NE–SW active margin of 
Western Samos Island belonging to the Ikaria Basin. Thus, it is not clear whether the west-
ern cluster of aftershocks is related to the Ikaria southeastern active margin or minor E-W 
faults representing a continuation of the major Samos Basin fault zone. The observed dif-
ference of up to 51° slope values of the NE–SW Ikaria margin compared to the up to 30° 
slope of the Samos margin might also signify a different nature of the corresponding fault 
planes with strike-slip affinities in the Ikaria margin and normal faulting in the Samos 
margin. This interpretation is in accordance with the fault plane solutions of the broad 
area, where E-W normal faulting co-exists with NE–SW strike-slip faulting [21]. In any 
case, the activation of the much steeper marginal fault of the Ikaria Basin should corre-
spond to epicenters located, much closer to western Samos Island.  

The extensional character of the asymmetric half-graben nature of the Samos Basin is 
documented by previous seismic events [9,46]. Nevertheless, N–S to NNE–SSW strike-slip 
structures and strike-slip fault plane solutions have been reported onshore as well as off-
shore in the Erythraea/Cesme Peninsula and the northern margin of the Samos Basin 
[37,47]. Such structures have not been identified in the morphology of the basin except for 
two secondary N–S zones at 450m and 200 m of depth at the eastern margin (Figure 4). 
These minor discontinuities show an arcuate pattern, following the general geometry of 
the eastern margin of the Samos Basin and might reflect an earlier basin geometry. 

5. Conclusions 
In conclusion, the 690 m deep Samos Basin is developed north of central and eastern 

Samos Island whereas the much deeper with more than 1200 m of water depth and larger 
Ikaria Basin is developed north of western Samos Island. The Samos Basin is an E-W strik-
ing tectonic half-graben with abrupt slopes (30°) along its active southern margin, with 
more than 650 m of throw. The southeastern margin of the Ikaria Basin is a NE-SW ori-
ented very steep zone (51°) with more than 1150 m of throw. Several canyons, landslides 
and fans are observed along the Samos Island margin indicate mass transport towards the 
north. A hummocky landscape was discovered at the Samos Basin’s eastern margin, prob-
ably corresponding to volcanic edifices. The active tectonics characterized by N-S exten-
sion is very different from the Neogene tectonics of Samos Island characterized by NE-
SW compression. The mainshock and most of the aftershocks of the October 2020 seismic 
activity occur on the prolongation of the north dipping (45°) E–W fault zone at about 12 
km depth. 

Supplementary Materials: The following are available online at www.mdpi.com/2076-
3263/11/2/102/s1, Map S1: Swath bathymetry map of the Samos Basin (scale 1:200,000). Table S1: 
Focal mechanisms shown in Figure 6a.  
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