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Abstract: A hydrographic survey of the southwestern coastal margin of Lesvos Island (Greece)
was conducted by the Naftilos vessel of the Hellenic Hydrographic Service. The results have been
included in a bathymetric map and morphological slope map of the area. Based on the neotectonic
and seismotectonic data of the broader area, a morphotectonic map of Lesvos Island has been
compiled. The main feature is the basin sub-parallel to the coast elongated Lesvos Basin, 45 km long,
10-35 km wide, and 700 m deep. The northern margin of the basin is abrupt, with morphological
slopes towards the south between 35° and 45° corresponding to a WNW-ESE normal fault, in contrast
with the southern margin that shows a gradual slope increase from 1° to 5° towards the north.
Thus, the main Lesvos Basin represents a half-graben structure. The geometry of the main basin is
interrupted at its eastern segment by an oblique NW-SE narrow channel of 650 m depth and 8 km
length. East of the channel, the main basin continues as a shallow Eastern Basin. At the western part
of the Lesvos margin, the shallow Western Basin forms an asymmetric tectonic graben. Thus, the
Lesvos southern margin is segmented in three basins with different morphotectonic characteristics.
At the northwestern margin of Lesvos, three shallow basins of 300-400 m depth are observed with
WNW-ESE trending high slope margins, probably controlled by normal faults. Shallow water marine
terraces representing the last low stands of the glacial periods are observed at 140 m and 200 m depth
at the two edges of the Lesvos margin. A secondary E-W fault disrupts the two terraces at the eastern
part of the southern Lesvos margin. The NE-SW strike-slip fault zone of Kalloni-Aghia Paraskevi,
activated in 1867, borders the west of the Lesvos Basin from the shallow Western Basin. The Lesvos
bathymetric data were combined with those of the eastern Skyros Basin, representing the southern
strand of the North Anatolian Fault in the North Aegean Sea, and the resulted tectonic map indicates
that the three Lesvos western basins are pull-aparts of the strike-slip fault zone between the Skyros
Fault and the Adramytion (Edremit) Fault. The seismic activity since 2017 has shown the co-existence
of normal faulting and strike-slip faulting throughout the 90 km long Lesvos southern margin.

Keywords: swath bathymetry; sea bed morphology; normal and strike-slip faulting; pull-apart
basins; Aegean micro-plate

1. Introduction

Lesvos Island is located at the Eastern Aegean Sea near the coast with Minor Asia
south of the southern strand of the North Anatolian Fault zone, forming the Skyros Basin
(Figure 1). Its geodetic annual rate is 30 mm/year to the west-southwest, and the strain
rate is dominated by NNE-SSW extension with minor WNW-ESE compression resulting in
transtensional tectonics [1-6]. Focal mechanisms indicate dextral NE-SW strike-slip faults
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and WNW-ESE normal faults [7-9]. From a tectonic point of view, Lesvos lies along the
eastern margin of the Aegean microplate and the West Anatolian Shear Zone (WASZ),
which separates the Aegean from the Anatolian micro-plate [10] (Figure 1, inset map).
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Figure 1. The studied area of Lesvos Island at the eastern Aegean Sea. Its location lies at the junction
of the two Aegean micro-plate boundaries, represented by the Central Hellenic Shear Zone (CHSZ)
and the West Anatolian Shear Zone (WASZ) (Inset Map, modified by Ref. [10]).

The geology of Lesvos comprises metamorphic rocks and ophiolites belonging to two
different tectono-stratigraphic terranes [11,12], largely corresponding to the two tectonic
units distinguished earlier [13,14]. The basal unit belonging to a Permo-triassic metamor-
phosed carbonate platform crops out at Mytilini and Olympus mt., whereas the ophiolites
and associated metamorphic rocks form a tectonic nappe surrounding the tectonic window
of Olympus. The northwestern part of Lesvos is separated from the southeastern part by the
Kalloni Gulf and is almost entirely covered by Lower Miocene volcanic rocks (ages between
20-16 Ma, [15]). The area’s active tectonics is shown by the morphotectonic structures
onshore and offshore Lesvos Island and the regional seismicity. Seismic activity has been
known since ancient times and continues until today [16-19]. Seismic events in the past
have produced extended damages, mainly in the central part of the Island. These events
include the 1867 magnitude 7.0 earthquake along the Aghia Paraskevi—Kalloni dextral
strike-slip fault zone as well as along the coastal zone, especially along the southeastern
part in the area of Vatera-Plomari [20,21]. More recently, the June 2017 event showed a
magnitude 6.3 main shock, whose focal mechanism indicated a WNW-ESE oriented normal
fault, dipping 45° to the SSE, running parallel to the southeast segment of the WNW-ESE
oriented Lesvos coastline [22-25]. Two major aftershocks of magnitudes 5.2 and 5.0 oc-
curred on two NW-SE sub-vertical faults, whose focal mechanisms indicated strike-slip
motion [22,24] bordering a narrow deep channel [25]. The neotectonic deformation can be
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analyzed on the basis of morphotectonic data both onshore and offshore. Onshore Lesvos,
the analysis is based on the distribution of characteristic Neogene geological formations
overlying the alpine basement, such as the top stratigraphic volcano-sedimentary formation
of the Miocene Lesvos Ignimbrite, the Pliocene lacustrine sedimentary formations, and the
marine Pleistocene sediments, occurring along the Vatera coastal area [13]. Especially along
the Vatera coastal zone, a considerable tectonic uplift has brought the marine Pleistocene
sediments to the surface during Late Pleistocene-Holocene, with a characteristic back-tilt
of their bedding towards the NE, against a normal fault of NW-SE direction, separating the
sediments from the footwall, where the Alpine ophiolitic basement and overlying Miocene
Ignimbrite crop out.

Recently, Nomikou et al. [25] presented the active tectonic structures of the Lesvos
Basin at the eastern part of the Lesvos margin in relation to the 2017 seismic activity, based
on limited bathymetric data in an area of 20 km x 20 km and on parasound profiles.
The results showed that the 6.3 magnitude main shock was related to the WNW-ESE
normal fault running parallel to the coast of Lesvos, whereas the two main after-shocks
of magnitude 5.2 and 5.0 with strike-slip focal mechanisms where related to the two
parallel NW-SE sub-vertical faults, forming a disrupting deep channel at the eastern part
of the Lesvos Basin. In this paper, we present the results of our oceanographic survey,
which extended all over the Lesvos margin for more than 90 km, providing additional
information regarding the bathymetry and the morphotectonic structure of the offshore area
in conjunction with a synthetic view of the offshore/onshore morphotectonics of Lesvos
Island. Additionally, the surveyed area has reached the eastern part of the Skyros Basin,
previously mapped by Papapnikolaou et al. [26], and thus, an overall view of the Lesvos
structures with those of the southern strand of the North Anatolian Fault is also presented.

2. Materials and Methods

Bathymetric measurements have been carried out with the hull-mounted SIMRAD
EM122 multibeam system on R/V Naftilos of the Hellenic Hydrographic Service. A swath
of 256 performed beams is emitted periodically with signal frequencies of 12 kHz. The
usable footprint of a single emitted swath perpendicular to the ship’s heading has a width
of more than three times the water depth. The multibeam data have been extensively
processed through data editing, cleaning erroneous beams, filtering noise, processing
navigation data, and interpolating missing beams. Reference should also be made to
the previous research of Skyros Basin presented by Papanikolaou et al. [26], which in-
cluded swath bathymetry and litho-seismic profiling, and to the previous research of the
southern part of Lesvos by Nomikou et al. [25], which included swath bathymetry and
parasound profiles.

3. Results
3.1. Swath Bathymetry

The resulting slope-shaded bathymetric map was initially compiled at 10 m spatial
resolution (Figure 2). This map permits the first detailed description of the seafloor’s overall
topography along the southwest margin of Lesvos Island and the distinction of the major
morphological features summarized in Figure 3. The main morphological feature is the
WNW-ESE basin, running parallel to the eastern segment of the southern Lesvos coastline.
This basin corresponds to the so-called Lesvos Basin [27]. Its length is approximately 45 km,
and its morphological axis is located at a short distance of 5-6 km from the coast. Its
maximum depth is 704 m, and the deep sub-horizontal basinal area with depths between
550-700 m extends to about 340 km? (B1 area in Figure 3). Thus, the basin is highly
asymmetric with a very narrow northern slope contrary to the wide southern slope, which
extends to 30-35 km towards the central Aegean Sea to the SSW, where a shallow-water
platform with depths around 250-300 m has developed (profile 3 in Figure 3). A distinctive
morphological feature of a narrow, deep NW-SE channel (600-650 m of depth) of about
8 km length is observed at the eastern part of the basin, with very abrupt slopes (profile 4
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in Figure 3). The maximum depth of the basin occurs at the intersection of its WNW-ESE
basinal axis with the northwestern prolongation of the NW-SE channel. The channel’s
margins form abrupt cliffs from the adjacent platform areas, mainly towards the east
(prolongation of Terrace T2 at 250 m of depth) and less to the west (450 m of depth),
resulting in a depth difference of 400 m and 200 m, respectively (profile 4 in Figure 3).
The overall geometry indicates the disruption of the southern slope of the basin by the
narrow channel (2-3 km width). At both sides of the basin to the east before the exit of
the Geras Gulf and to the west in front of the exit of the Kalloni Gulf the basin becomes
shallower, with depths between 200-300 m, and it then dies out. East of the intersection of
the main WNW-ESE basin with the NW-SE channel [25], the geometry of the basin changes,
with much shallower depths around 250-300 m in the E-W direction, and the width of the
basinal zone is reduced to only 2-3 km (profile 4 in Figure 3).
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Figure 2. Bathymetric map of the Lesvos southwestern margin.

West of the exit of the Kalloni Gulf, along the western segment of the southern
Lesvos coastline, there is the Western Basin, which forms a shallow asymmetric WNW-
ESE basin/graben (300-350 m of depth), whose basinal axis lies at the prolongation of
the main Lesvos Basin, running parallel to the coast at a distance of about 10 km. Three
shallower basins (WB1, WB2, WB3), with depths between 300-400 m, are observed at the
western margin of Lesvos Island with a generalized E-W orientation and lengths of 15 km
(WB1, WB2) and more than 25 km (WB3) (profiles 1 and 2 in Figure 3). The three basins
are separated from the southern margin of Lesvos Island by a wide submarine terrace
zone, extending west-southwest of Lesvos from the area of Sigri. The upper terrace, T1, is
observed at 140 m water depth, whereas the deeper terrace, T2, lies at about 200 m depth.
Similar terraces to T1 and T2 are also observed at the opposite margin of Lesvos Island in
front of the Geras Gulf exit (profile 5 in Figure 3).
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Figure 3. (a) Simplified morphological map of the Lesvos southwestern margin and topographic
profiles across the major structures of the area. T1 and T2 represent the submarine terraces. WB1,
WB2, and WB3 represent the three western basins. WB represents the shallow Western Basin. NM
and SM represent the northern and southern margin of the Lesvos Basin. EB represents the Eastern
Basin. CH represents the channel. (b) Three topographic profiles through the Western basin (WB, P1),
the main Lesvos Basin with its northern (NM) and southern (SM) margin (P2), and the Eastern Basin
(EB, P3). Or.mt: Ordymnos mt. OL. mt: Olympus mt.

The development of three morphological segments, corresponding to three basins
along the southern Lesvos margin, is shown in three transverse topographic profiles
extending from the offshore to the onshore area (Figure 3b). Thus, the geometries of the
two shallow basins in the west (Western Basin, WB) and the east (Eastern Basin, EB) are
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contrasted to the geometry of the main Lesvos Basin. This morphological segmentation
will be correlated to the tectonic segmentation of the three basins in the morphotectonic
synthesis of Lesvos.

3.2. Morphological Slope Analysis

The slope distribution map shows the distribution of slope values within the study
area, distinguished in six categories (Figure 4): (a) flat horizontal areas from 0-1°, (b) areas
with very low slopes from 1-5°, (c) areas with low slopes from 5-10°, (d) areas with
medium slopes from 10-20°, (e) areas with high slopes from 20-30°, and (f) areas with
steep slopes >30°. This classification of the slope magnitude illustrates the zones where
there is an abrupt slope change, reflecting possible positions of active tectonic zones, in
contrast with zones with negligible or gradual slope change, reflecting homogeneous relief.
The two extreme morphological slope features correspond to: (a) flat-lying sub-horizontal
or very low slope areas such as submarine platforms/terraces or basinal areas. (b) narrow
high or steep slope zones, usually corresponding to active fault zones. Non-linear zones of
morphological discontinuity may result from other special morphological features such as
volcanic structures, landslides, recently subsided terrestrial relief, etc. This morphotectonic
analysis of morphological slopes was applied in the North Aegean and Skyros Basins
with very good results regarding the location and striking direction of the active faulting,
verified by litho-seismic profiles [26,28,29].
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Figure 4. (a) Morphological slope map of the studied area. (b) Simplified morphotectonic map of
the Lesvos southwestern margin resulted from the interpretation of the morphological slope map.
(c) Rose diagram of the zones of slope discontinuities (24 measurements).

The highest slope values (>30°) are observed at the northern margin of the Lesvos
Basin along a well-defined geometrical surface, oriented WNW-ESE and running parallel
to the Lesvos southern coast. This high slope zone is observed along 45 km and covers
the Lesvos margin from 150 m down to 700 m depth at its bottom. The high slope zone
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represents a normal fault dipping to the south with 35°-40° and corresponds to the basin’s
marginal fault (Figure 4b). The maximum slope values around 45° are observed towards
the western tip of the fault at the exit of the Kalloni Gulf. The basin’s southern margin is
not characterized by significant slope discontinuities but by very low-low morphological
slopes dipping to the north. Thus, the southern margin dips gradually northwards to the
basinal area (from 300 m to 650 m of depth) without a southern marginal fault, and the
overall geometry of the Lesvos Basin corresponds to a half-graben structure. Nevertheless,
some secondary slope discontinuities with low to medium slopes are observed, separating
sub-horizontal areas across the margin and forming deeper terrace-like features at depths
between 300-550 m.

Steep morphological slopes with values up to 35° are observed along the two parallel
cliffs of the NW-SE channel for a length of about 8 km. Sub-horizontal or very low slopes
are observed along the bottom of the channel with an inclination towards the NW, at the
deepest part of the basin.

At the western part of the southern Lesvos margin from the exit of the Kalloni Gulf
to the area of Sigri, the geometry of the seafloor is very different, with shallower depths
(up to 350 m) and very low slopes dipping towards the basin axis of the Western Basin.
Along the northern margin of approximately 10 km width, a zone of WNW-ESE slope
discontinuity dipping to the south is observed, whereas along the southern margin of
approximately 20 km width there are three zones of slope discontinuity dipping to the
north. The southernmost zone occurring at about 250 m of depth is the most important,
disrupting the very low slopes of the southern margin with 34° of slope values.

Three basinal areas with sub-horizontal or very low slopes are observed at the western
margin of Lesvos Island, with depths approximately 300-350 m (WB1 and WB2) and
350-400 m (WB3). One WNW-ESE zone of slope discontinuity dipping southwards borders
the southern basin, WB1, from the median basin, WB2, whereas two WNW-ESE sub-parallel
zones of slope discontinuity with maximum 35° dipping to the north border the median
from the northern basin, WB3.

The prevailing orientation of the zones of slope discontinuities in the offshore area is
WNW-ESE, as shown in the rose diagram (Figure 4c). NW-SE and NE-SW directions are
minor, contrary to the onshore data of lineaments where the NE-SW direction is dominant
and WNW-ESE and NW-SE are minor [30].

Sub-horizontal and very low morphological slope areas with 0-—2° are also observed at
very shallow depths at Lesvos Island’s western and eastern margin. These areas correspond
to submarine terraces with an average depth of 140 m (T1) and 200 m (T2) (Figure 4b). The
deeper terrace, T2, is also observed in some areas along the southern margin of the Western
Basin. It is remarkable that the three WNW-ESE western basins form submarine cliffs along
their slope discontinuities, which stop along a ENE-WSW zone, running parallel to the
western terraces. This ENE-WSW zone is characterized by medium slope values, observed
along a cliff of a few tens of m separating the terraces from the basins. Very low slopes (<5°)
are observed in large intermediate areas extending between the shallow platforms and the
basinal areas (Figure 4), representing either prolongation of the basinal areas towards the
steep margins or submarine terrace-like structures at different depths.

3.3. Morphotectonic Structure

The overall morphotectonic structure of the Lesvos southern margin is differentiated
along the 90 km length of the coastal zone. This is illustrated in the panoramic view of
Lesvos Island’s onshore/ offshore area seen from the south-southeast (Figure 5a). Thus, the
eastern part of the margin is controlled for about 40 km by the WNW-ESE marginal fault
of the Lesvos Basin with steep slopes (35°—45°), forming a steep submarine escarpment
more than 600 m height. Remarkably, the maximum depth of the basin (704 m) at the
hangingwall is opposed to the maximum altitude of the Lesvian Olympus mt. (942 m),
which is made of alpine basement rocks (metamorphic rocks of the lower tectonic unit) in
the footwall (see also morphological (P2) and tectonic (B) profiles in Figures 3b and 6b).
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The resulting topographic difference across the fault is 1645 m. Therefore, the overall throw
of the fault may be about 2 km if we also consider the additional thickness of the marine
sediments occurring at the basinal area beneath the sea bottom, above the subsided alpine
basement, which is estimated at several hundred m [25]. On the contrary, the southern
margin of the basin is dipping northwards with very low slopes without a pronounced
morphological discontinuity and, thus, the basin’s structure corresponds to a half-graben.

----- Fault Trace Fault Trace
“--- Channel Traces

Olympus mt.

Figure 5. Panoramic views of the offshore/onshore relief along the Lesvos southwestern margin.
(a) View from the south of the southern Lesvos margin. (b) View from the southeast of the NW-SE
channel disrupting the eastern part of the Lesvos Basin. (c¢) View from the southwest of the Terraces
T1 and T2 at the eastern Lesvos margin. (d) View from the southeast of the Terraces T1 and T2 at the
western Lesvos margin. MF: main fault of the northern margin of the Lesvos Basin, WF: Western fault
of the northern margin of the Western Basin, SEF: Southeastern fault, running south of the Eastern
Basin and disrupting the T1 and T2 terraces at the eastern margin of Lesvos.

The Western Basin extending at the western part of the margin, west of the Kalloni
Gulf exit, is shallower, with a WNW-ESE orientation and 350 m of depth (Figure 5a). Its
geometry is relatively asymmetric, with three slope discontinuities observed at the southern
margin and one at the northern. The hilly landscape of the Ordymnos mt., onshore Western
Lesvos, comprises small altitudes up to 350 m, and it is made of Miocene volcanic rocks
(see also morphological profile P1 in Figure 3b and tectonic profile A in Figure 6b). Hence,
there is a considerable difference in the structure both onshore and offshore the southern
Lesvos margin. This difference is located along the exit of the Kalloni Gulf, as well as along
the Kalloni Gulf and further to the northeast up to the Aghia Paraskevi tectonic zone. This
major tectonic boundary corresponds to the Kalloni-Aghia Paraskevi dextral strike-slip
fault zone, which has been activated with strong earthquakes repeatedly [20,21].
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Figure 6. (a) Morphotectonic map of Lesvos combining offshore and onshore structures. The red stars
correspond to the major shock, F1, (6.3) and the two major aftershocks (5.2 and 5.0) activated during
the 2017 seismic activity. Fault plane solutions of the main shock and two major aftershocks after [24].
S: Sigri, V: Vatera, Pl: Plomari, K: Kalloni, A.P.: Aghia Paraskevi, M: Mantamado, Ke: Keramia, My:
Mytilini, Le mt: Lepetymnos mt., Ol mt: Olympus mt. (b) Three tectonic profiles across the Western
Basin (A), the main Lesvos Basin (B), and the Eastern Basin (C) (see also the morphological profiles
in Figure 3b). WB: Western Basin, NM: northern margin of the Lesvos Basin, SM: southern margin of
the Lesvos Basin, EB: Eastern Basin, SEF: southeastern fault.

The NW-SE narrow channel disrupting the eastern part of the Lesvos Basin is shown
from the southeast (Figure 5b). The two parallel morphological discontinuities show
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opposite dips, with steep slopes around 35°. The channel disrupts the southern margin of
the basin and delimits the shallow terrace, T2, to the west. Additionally, the eastern part of
the basin, east of its intersection with the channel, becomes very shallow (250-300 m) and
narrow (3-4 km), forming the Eastern Basin.

The eastern part of the southern Lesvos margin is characterized by two extended sub-
horizontal surfaces forming submarine terraces T1 and T2 at depths of 140 m and 200 m,
respectively (Figure 5c). The upper terrace, T1, extends towards the east-northeast, up to
the exit of the Geras Gulf. The lower Terrace, T2, forms a 5-10 km width zone bordering
the upper terrace to the west. Approximately 10 km from the coast, the two terraces form
a submarine cliff due to the southeastern fault (SEF), dividing the lower terrace, T2, in a
northern segment of 4 km width from a southern segment of 7-8 km width. The vertical
displacement is several m high, with a gradual decrease towards the upper terrace, T1,
in the east. The same E-W structure continues westwards, forming a relay ramp, with
increasing displacement up to its junction with the southern exit of the NW-SE channel.

The western part of the southern Lesvos margin is made of an extended sub-horizontal
area of shallow depths between 100-200 m, with an upper terrace, T1, at 140 m and a lower
terrace at 200 m, similar to those terraces observed at the eastern margin (Figure 5d).
The upper terrace, T1, developed from the coastal zone of Sigri, where remains of a
fossilified forest within the Miocene volcanics are observed at shallow depths, up to
15 km towards the WSW. The lower terrace, T2, extends from this area further to the
WSW for at least another 15 km. Thus, the overall area of the two submarine terraces in
western Lesvos extends to more than 300 km?. This platform area separates the southern
Lesvos margin with the two basins (the shallow in the west and the deep in the east) from
the northwestern Lesvos margin, where the three WNW-ESE subparallel shallow basins
WB1, WB2, and WB3, are observed. Contrary to the extension of the terraces westwards,
their development northwards is very limited, and the lower terrace, T2, especially, has
practically disappeared, probably because of an ENE-WSW tectonic zone.

The morphotectonic structure of the offshore southern Lesvos margin can be correlated
with the onshore Lesvos Island structure as it is simplified in the morphotectonic map
(Figure 6). The major structure is the Kalloni—Aghia Paraskevi NE-SW trending dextral
strike-slip fault zone, dividing Lesvos Island in a northwestern part, where thick Miocene
volcanic rocks dominate, and a southeastern part, where the alpine basement crops out
with only a thin cover of Miocene ignimbrites restricted along the southeastern block of
the fault zone. Thus, the two neotectonic blocks of Lesvos on both sides of the strike-slip
fault are very different, the only common geological formation being the Permo-Triassic
metamorphic rocks cropping out beneath the Miocene volcanics along the northwestern
coastal zone to the northwest of Sigri. It is also remarkable that the Miocene ignimbrites
of the southeastern block represent the final volcanic products (deposited approximately
16 m years ago) of the overall volcanic activity (which took place 20-16 m years ago). The
top of the Miocene ignimbrites forms a distinct morphological planation surface, which is
interrupted along the 20 km length strike-slip fault from Aghia Paraskevi up to the coastal
area northeast of Mantamado. In contrast, in the northwestern block, the morphology
comprises the hilly volcanic landscape of Lepetymnos mt. The fault zone continues towards
the southwest along the 25 km length of the shallow Kalloni Gulf and further into the
offshore area, where it separates the deep Lesvos Basin to the east from the shallow Western
Basin to the west.

It is remarkable that the morphological and tectonic segmentation of the WNW-ESE
Lesvos southern margin in three basins is effected by two strike-slip fault zones: the
southwestern prolongation of the NE-SW Kalloni fault separating the Western Basin from
the Lesvos Basin and the NW-SE fault zone of the channel, separating the Lesvos Basin
from the Eastern Basin. The characteristic structure of the three basins is illustrated in the
morphological profiles of Figure 3b and the tectonic profiles of Figure 6b. Thus, (i) the
central deep Lesvos Basin forms a half-graben with a marginal fault dipping to the SSW,
whereas (ii) the shallow Western Basin forms am asymmetric graben, with a marginal
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fault dipping to the SSW and three antithetic faults dipping to the NNE, and (iii) the
shallow Eastern Basin forms a more complex structure, with a marginal fault dipping to
the SSW and a minor antithetic fault dipping to the NNE, followed towards the south by
the Southeastern major fault (SEF) dipping to the SSW, which becomes more active and
propagates eastwards on the T1 and T2 terraces.

The next major tectonic structure onshore Lesvos is the WNW-ESE trending fault
bordering the two gulfs of Kalloni and Geras towards the northeast (Figure 6). This fault is
observed mainly at Keramia at the northwestern coast of the Geras Gulf, where it forms
a cliff of 250 m. The basal formations of the metamorphic rocks built the footwall of the
fault, whereas Pleistocene alluvial deposits are observed in the hanging wall, and its throw
is estimated to exceed 400 m [13,21]. Towards the northwest, the fault continues through
the ophiolites and the overlying ignimbrites up to Kalloni town. Remarkably, the same
WNW-ESE orientation is observed offshore in the three basins of the northwestern Lesvos
margin, where the two northern zones dip northwards in the subsided basinal area.

Other secondary morphotectonic structures of a NW-SE direction are observed both
onshore and offshore (Figure 6). Onshore, the NW-SE structures are observed in the area of
Vatera—Vryssa, forming a graben structure filled with Plio-Pleistocene sediments and in the
area of Geras Gulf and Amali Peninsula, forming a graben and a horst, respectively. The
easternmost fault is observed along the northeastern rectilinear coastline of Lesvos, passing
from Mytilini, where it has bordered the Neogene lacustrine sediments from the ophiolitic
Alpine basement of the Amali peninsula. Offshore, the NW-SE structures are mainly
observed to the south of Plomari, where they form the channel, disrupting the eastern part
of the Lesvos Basin. These NW-SE structures are observed only at the southeastern block of
Lesvos. Notably, the offshore NW-SE channel structures are observed only at the hanging
wall and stop along the WNW-ESE major marginal fault of the Lesvos Basin, in the same
was as the onshore NW-SE structures forming the Vatera graben structure observed only at
the footwall of the fault. Thus, the NW-SE structures developed onshore in the Vatera area
and offshore in the channel are localized along the same NW-SE trend, interrupted by the
WNW-ESE marginal fault of the Lesvos Basin.

4. Discussion

The above tectonic structure of the SE Lesvos Basin was reflected in the seismic
activity of June 2017. Thus, as expressed by the 2017 seismicity, the active tectonics are
in accordance with the previous neotectonic deformation [21,23]. A major earthquake of
magnitude 6.3 was located on the WNW-ESE normal fault, forming the basin/half-graben’s
northern margin at approximately 8-10 km depth [22,24,25]. The earthquake focus location
corresponds to a fault dip of about 45°, similar to the morphological slope presented in
Figure 4a,b, and the focal mechanism shows a normal fault [24]. On the contrary, the two
major aftershocks of magnitude 5.2 and 5.0 showed sinistral strike-slip motion along the
NW-SE direction, along two parallel sub-vertical faults with dips of 82° and 75° to the
NE [22,24], corresponding to the two NW-SE faults forming the narrow channel [25]. The
main normal fault of WNW-ESE direction dipping to the SSE is nicely integrated to the
regional deformation pattern, with extension in the NNE-SSW direction, which is also
the geodetic trend of the annual GPS rates of the Aegean micro-plate and the resulting
strain rate (e.g., [1]). The NW-SE sinistral strike-slip fault zone may correspond to a lateral
accommodation of the deformation along the eastern margin of the Aegean microplate,
adjacent to the sinistral West Anatolian Shear Zone [10].

Observations presented within a coastal geomorphological study concluded that an
uplift is taking place along the southern coast in a WNW-ESE direction from Aghios Fokas
Cape at the exit of the Kalloni Gulf up to the Vatera and Plomari area, corresponding to
the activity of the Lesvos marginal fault [31]. The chronological data pointed to a seismic
event of magnitude 6.6 at about 3.6—4.0 Ka, which has caused an uplift of the coast by about
0.75 m. Several older events are also indicated along this 20 km long coastal zone during
the last 30 Ka, with uplifted markers up to 5 m. Thus, the neotectonic deformation is in
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accordance with the present-day seismic activity. The same study concluded that there is
no uplift along the western coast of Lesvos in the area of Gavathas in a NE-SW direction,
but instead there is some small subsidence, indicating a different tectonic regime.

The bathymetric data of our survey reached the northwest the eastern part of the
Skyros Basin strike-slip tectonic zone, which represents the southern strand of the North
Anatolian zone in the Aegean [26]. Thus, there is the possibility to link the Lesvos structures
with the Skyros strike-slip system by combining the two bathymetric datasets (Figure 7).
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Figure 7. (a) Simplified morpho-tectonic map of the Skyros Basin and related strike-slip fault zone
and the Lesvos western marginal structures, based on this study and [26]. (b) Tectonic sketch of the
Skyros and Lesvos structures, showing the pull-apart nature of the Lesvos western basins, WB1,
WB2, and WB3, in between the Skyros and Edremit strike-slip fault zones. Sk: Skyros, Le: Lesvos, Ed:
Edremit. Moment Tensor solutions: https://orfeus.gein.noa.gr/gisola/realtime/2021/ (accessed on
13 December 2021).

The eastern part of the Skyros Basin is characterized by a ENE-WSW direction, with
gradual depth decrease towards the ENE from 700 m to 400 m. South of the basin there is
a shallow water platform with depths 100-200 m, comparable to the submarine terraces
of western Lesvos. The three basins, WB1, WB2, and WB3, of the Lesvos northwestern
margin lie between the Skyros structure and its bordering platform from the south. The
dominant structure of the three basins is expressed by the orientation of the morphological
discontinuities /faults and the sub-parallel orientation of the basinal axes in the NW-SE to
WNW-ESE direction. Another ENE-WSW major structure forms the southern boundary of
the overall alternation of the WNW-ESE platforms and shallow basins, running parallel
to the Lesvos coast and terraces, probably joining the Adramytion (Edremit) fault of
the southern coast of the Biga Peninsula on the opposite coast of Turkey. The complex
alternation of WNW-ESE platforms and shallow basins lies between the two sub-parallel
boundary dextral strike-slip fault zones of the Skyros Basin to the north and the Adramytion
Fault to the south. Thus, the three western basins (WB1, WB2, and WB3) represent pull-
apart basins within the complex zone of the southern strand of the North Anatolian Fault
in the Aegean, as shown in the inset tectonic sketch of Figure 7b. It is remarkable that a
4.4 magnitude earthquake occurred at the Western Basin of the Lesvos southern margin in
2019. The location, magnitude, and focal mechanism of this earthquake correspond to the
activation of a segment of the ENE-WSW strike-slip marginal fault of the WB1 and WB2
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western basins of Lesvos. Another earthquake of magnitude 5.0, also with a strike-slip
focal mechanism, occurred in 2019 at the prolongation of the Skyros strike-slip fault zone
(Figure 7a). Finally, three earthquakes occurred during 2021 at the southern margin of the
Western Basin of Lesvos, two of them of magnitude 5.1 and 4.5 with normal WNW-ESE
focal mechanisms, and another of magnitude 4.8 with a NE-SW strike-slip focal mechanism
(Figure 7a). These seismic events correspond to the activation of the mapped faults at the
southern margin between the Western Basin and the main Lesvos Basin. Thus, the 2021
seismic activity along the Lesvos margin comprised both normal and strike-slip faulting,
similar to the 2017 activity a few tens of km eastwards.

Therefore, the morphotectonic structures of Lesvos Island are similar to the major
structures all over the North Aegean Sea, where the major NE-SW tectonic trend dominates,
usually corresponding to dextral strike-slip faults, and the minor NW-SE tectonic trend is
present, corresponding either to normal faults or to sinistral strike-slip faults [26,28,29,32].
Some cases of WNW-ESE to E-W trending faults are also present, corresponding to nor-
mal faults that have been seismically activated recently, as in Lesvos (2017) and Samos
(2020) [24,25,33,34]. The NE-SW strike-slip faults are observed mainly along the northern
boundary of the Aegean micro-plate [10,18,35-37]. Nevertheless, dextral strike-slip focal
mechanisms have also been calculated further south within the Aegean plate up to the 38°
parallel between Southern Evia and Chios. The NW-SE normal faults are observed at the
western tips of the strike-slip zones of the North Aegean Basin [28,29] and of the Skyros
Basin [26]. However, WNW-ESE to E-W oriented normal faulting occurs along the Aegean
coastal zone of Western Anatolia [7,18]. Considering the GPS data showing a southwestern
vector of 30 mm [2], the two major fault sets accommodate this motion, with lateral slip
along the NE-SW strike-slip faults and opening across the WNW-ESE normal faults.

The extended presence of submarine terraces T1 and T2 enables the understanding of
the geodynamic evolution since the Middle/Late Pleistocene period with the successive
events of low-stands and high-stands of the sea level during the climatic changes. The
usual depth of the last low-stand at the end of the last glacial period of the Late Pleistocene
in the Mediterranean is 123 m [38], whereas in the southern Lesvos margin, it is 140 m. This
deeper position of T1 may be due to the regional subsidence observed all over the North
Aegean Sea, with a rate ranging between 1.46 and 1.88 m/Ka [39], which corresponds
to an additional depth of about 20 m. It is remarkable that the terraces are not observed
along the faulted margin of the Lesvos Basin east of the Kalloni Gulf exit; the terraces are
ruptured both at the eastern margin from the southeastern fault (Figures 5c and 6a) and at
the western margin by the ENE-WSW fault bordering the western basins WB1 and WB2
(Figures 6a and 7a).

5. Conclusions

In conclusion, the tectonic structure of Lesvos Island, both offshore and onshore,
is similar to the overall regional deformation of the North Aegean area, where the two
main strands of the western prolongation of the North Anatolian Fault form the North
Aegean and the Skyros basins. The three Lesvos western basins are pull-aparts of the
strike-slip fault zone between the Skyros Fault and the Adramytion (Edremit) Fault. The
seismic activity since 2017 has shown the co-existence of normal faulting and strike-slip
faulting throughout the 90 km long Lesvos southern margin. This combination of normal
faulting, usually in the WNW-ESE direction, and strike-slip faulting, primarily in the
NE-SW direction and secondarily NW-SE direction is observed all over the North Aegean
area, accommodating the southwestward motion of the Aegean micro-plate.
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