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ABSTRACT

Detailed analysis of air gun lithoseismic profiles in the north Aegean basin has per-
mitted construction of a tectonic map on the pre-existing detailed bathymetric map.
The basin is structurally subdivided into three parts. (1) A continental platform bor-
ders the basin at ~200 m depth and shows no significant internal deformation. (2) Con-
tinental slope areas, usually occurring at 400-900 m depth, are shaped by major
marginal faults (>1 km throw) trending mainly northeast-southwest and secondarily
northwest-southeast. The dominant structure of the basin is a 160 km-long northeast-
southwest-trending fault extending from Skopelos to Limnos, which borders the
basin’s southern margin and accommodates more than 2 km of throw. This structure
probably represents the continuation of the North Anatolian fault. (3) Basinal areas at
~900-1650 m depth include a complex alternation of ridges and basins bordered by
active faults. The main structural trend within the basinal areas trends east-west and
dominates in the western part of the basin. In the central and eastern parts, northeast-
southwest structures become more important. Late Pliocene—Quaternary fault throw
ranges between a few tens of meters and 200 m, with higher vertical throws occurring
only on northeast-southwest marginal faults bordering the intermediate horst struc-
ture. Several northeast-southwest shear zones occur in the central part of the basin
parallel to the major southern northeast-southwest marginal fault. A distinctive east-
west shear zone occurs in the southwestern part of the basin, where maximum subsi-
dence is observed. An angular unconformity occurs within the Plio-Pleistocene
sequence linked to uplifted/tilted neotectonic blocks and anticlinal hinges. The overall
interpretation of the mapped structures indicates oblique opening of the basin marked
by northeast-southwest strike-slip on both marginal and internal faults, east-west
strike-slip faults only in the basinal areas, and northwest-southeast normal faults on
the southwestern (Pelion) and northeastern (Athos) margins. This structural archi-
tecture is the combined result of the WSW escape of Anatolia on dextral northeast-
southwest and east-west strike-slip faults due to Eurasia-Arabia collision and the
extension on northwest-southeast normal faults associated with the southwest pull of
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the retreating Hellenic subduction zone in the Ionian Sea to the west. The main effect
of this complex deformation is an increase in the normal character of fault structures
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from northeast to southwest.
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INTRODUCTION

The north Aegean basin is one of the most important tec-
tonic areas in the eastern Mediterranean, yet it remains relatively
unknown because of its off-shore nature. Most structural inter-
pretations have been based on rough bathymetric maps and scat-
tered profiles (Needham et al., 1973; Brooks and Ferentinos,
1980; Mascle and Martin, 1990; Pavlakis et al., 1993; Laigle
et al., 2000). This article presents the first tectonic map of the
basin, based on several lithoseismic profiles superimposed on a
detailed digital bathymetric map obtained during the first stage
of our research (Papanikolaou et al., 2002).

The north Aegean basin is located in the northern part of
the Aegean Sea behind the main morphostructural elements of the
Hellenic orogenic arc, which has formed within the convergence
zone between the northward-subducting Africa plate and the
Hellenic margin of the Eurasia plate (Fig. 1). The development
of the north Aegean basin has been related to neotectonic
movements in the eastern Mediterranean that followed the col-
lision of Arabia with Eurasia in the late Miocene and the subse-
quent westward escape of Anatolia accommodated by dextral
strike-slip motion of the North Anatolian fault (McKenzie,
1970, 1972; Brunn, 1976; Angelier, 1979; Dewey and Sengor,
1979; Le Pichon and Angelier, 1979, 1981; Sengor, 1979; Tay-
maz et al., 1991; Jackson, 1994; Armijo et al., 1999).

GPS data obtained in the eastern Mediterranean over the
past ten years (Le Pichon et al., 1995; Barka and Reilinger,
1997; Reilinger et al., 1997; Kahle et al., 2000) have, in general,
confirmed this geotectonic model with the following average
motions relative to stable Africa (Fig. 1): (1) Arabia is moving
at a rate of 10 mm/yr to the north, resulting in a collision zone
with the Caucasus, which is moving at 10 mm/yr to the south;
(2) the Eurasia plate north of the North Anatolian fault and the
north Aegean basin is also moving at 10 mm/yr to the south; (3)
Anatolia is moving at 20 mm/yr to the west; (4) the Aegean area
south of the north Aegean basin is moving at 40-50 mm/yr to
the southwest; and (5) the Apulian block in the southern Adri-
atic Sea is moving eastward at 10 mm/yr, converging with the
northern Hellenides.

These GPS data suggest that a difference in convergence rate
of ~25 mm/yr is localized in the north Aegean basin between the
slowly southward-moving Eurasia plate on its northern margin
in the Chalkidiki Peninsula and the rapidly southwest-retreating
Hellenic subduction zone system on its southern margin in the
northern Sporades and Limnos islands.

The opening of the present-day north Aegean basin is gen-
erally accepted to have started during the late Miocene—early
Pliocene (LePichon et al., 1984; Armijo et al., 1999; Papanikolaou
et al., 2002; Kreemer et al., 2004), largely over a pre-existing
Early Tertiary molassic sedimentary basin (Dermitzakis and
Papanikolaou, 1981; Papanikolaou, 1993; Roussos, 1994).

Nevertheless, a major problem that has existed since plate
tectonic reconstructions were first proposed for this area
(McKenzie, 1970, 1972) has been the lack of field evidence for
the continuation of the northeast-southwest north Aegean strike-
slip structures through the Alpine chain of the Hellenides in con-
tinental Greece to the northern end of the present-day Hellenic
trench near Preveza. Distributed deformation models involving
rotating blocks and related opening of Plio-Quaternary grabens
have been proposed as an alternative (e.g., Jackson, 1994). But
the link between the north Aegean basin and the tripartite west-
ern segment of the North Anatolian fault has generally been ac-
cepted (McKenzie, 1972; LePichon and Angelier, 1979; Sengor,
1979; Armijo et al., 1999; Kahle et al., 2000; Koukouvelas and
Aydin, 2002; McNeill et al., 2004).

Another problem is that the westward escape of Anatolia is
not balanced by the much faster-retreating Hellenic subduction
zone, as was postulated before the recent GPS data became
available (e.g., Jackson, 1994). Hence, the tectonics of the north
Aegean can be understood only as a combination of the Anato-
lian strike-slip kinematics and those produced by the retreat of
the Hellenic subduction zone (e.g., Armijo et al., 2003).

The strike-slip character of the ENE-WSW faults within the
north Aegean basin has been shown on the basis of negative
and positive flower structures—e.g., the Sithonia fault (Mascle
and Martin, 1990) and the Athos tault (Roussos and Lyssima-
chou, 1991). However, normal movement has been documented
for the northwest-southeast fault east of Pelion (Mascle and
Martin, 1990) and more generally for the northwest-southeast
faults of the basin and surrounding islands (Koukouvelas and
Aydin, 2002).

Morphotectonic analysis of the north Aegean basin, based
mainly on detailed swath bathymetric data, has revealed its gen-
eral geometry, which forms an almost orthogonal quadrangle
that is elongate in a northeast-southwest direction (Papaniko-
laou et al., 2002). The subsided part of the north Aegean basin
occurs below 300-500 m depth of the continental platform,
which surrounds it in all directions (Fig. 2). The margins of the
basin are marked by steep morphological slopes from the edge
of the continental platform to ~900 m depth, where the basinal
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Figure 1. Geotectonic position of the north Aegean basin (N.A.B.) within the plate tectonic framework of the eastern Mediterranean. The arrows
correspond to GPS annual rates. Thrusts are indicated by lines with teeth on the upper plate, strike-slip faults by lines with parallel opposing ar-
rows, and normal faults by lines with barbs on the subsiding blocks. The dashed line with arrows on the downthrown side corresponds to the late
Alpine detachment. The three Plio-Quaternary grabens of north Evoikos (G3), Viotikos Kifissos (G2), and Corinthos (G1) are shown in dark gray.
A — Almyropotamos; K—Kerketeas; Ke—Kephalonia; N.A.F.—North Anatolian fault; O—Olympos; Pr—Preveza; SK.B.—Skyros basin.

areas occur up to the maximum depth of ~1650 m. Other char-
acteristics revealed by our previous research include (1) the pla-
nar geometry and strong morphotectonic impact of the marginal
faults, principally on the prominent 160-km-long northeast-
southwest southern boundary fault, but also on faults of 20-60
km length that border the basin’s other three boundaries in
northeast-southwest and northwest-southeast directions; (2) the
existence of numerous east-west structures occurring exclu-
sively within the basin, (3) the general increase of opening and
deepening of the basin toward its southwest part, where the
width increases from 20 to 40 km and the depth increases from
950 to 1650 m; and (4) the early Pliocene age inferred for the
main onset of basin opening.

This article presents new data obtained from air gun litho-
seismic profiles of the basin obtained during an oceanographic

cruise on the research vessel AEGAEO of the National Center
for Marine Research of Greece in April 2002. The air gun was
operated in 10 in® at an average speed of 5 knots. The penetra-
tion depth of the air gun was several hundred meters, with a
maximum of 700—800 m. The detailed stratigraphy of the litho-
seismic units of the basin is unknown, because no correlation to
off-shore drilling data is available. Data from Thermaikos Gulf
indicate a Plio-Quaternary thickness of 2 km (Roussos, 1994).
Taking into account the penetration depth, the sediments stud-
ied in this article correspond, in general, to the upper Pliocene—
Quaternary. Even though accurate fault-slip rates cannot be
extracted due to the uncertainties concerning the age of the re-
flectors, a rough approximation is possible by using Holocene
sedimentation rates for the basinal areas (18-34 cm/k.y.; Rous-
sakis et al., 2004). The profiles were selected on the basis of the
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pre-existing morphotectonic map (Papanikolaou et al., 2002) in
order to cross all important marginal faults and all areas with in-
teresting morphotectonic structures. The locations of the litho-
seismic profiles are given in Figure 2B. The basin is divided into
three bathymetric levels: the continental platform, the continental
slope, and the basinal parts. These are described in the following
sections, and then the overall tectonic structure is analyzed.

CONTINENTAL PLATFORM

The edge of the continental platform toward the steep
slopes of the basin’s margins is marked by a well-developed
slope discontinuity that usually exceeds 15%. This abrupt
change of slope from an average of 1% on the continental plat-
form to the >20% average slope of the margins is the top of a
destructive surface that follows the morphotectonic surface of
the fault controlling the margin from the edge of the platform to
the edge of the basin at depth. The lower part of the slope be-
comes steeper, reflecting the planar geometry of the fault,
whereas the upper part becomes less geometric and gradually
deviates toward the footwall, with smaller values of morpho-
logical slope, as a result of gravitational phenomena caused by
the submarine instability of the steep slopes and consequent
rock sliding.

The depth of the continental platform differs on the four
sides of the basinal quadrangle. An average depth of 200 m is
observed along the northern margin, around the Chalkidiki
Peninsula and south of Thassos island, on the western margin
along the Pelion slopes, and on the southern margin along the
northern Sporades slopes. However, a greater average depth of
~400-500 m is observed in the eastern part of the southern mar-
gin, between Yioura and Limnos islands (Fig. 2). This is due to
the existence of a northeast-southwest fault with a throw of more
than 500 m, along which a narrow zone (90 x 4-8 km) of the
continental platform has subsided parallel to the main marginal
fault (Fig. 3). South of this fault the continental platform once
again lies at ~200-300 m depth.

There are only two segments where the edge of the conti-
nental platform does not run parallel to major marginal faults.
(1) The northeastern part between Thassos and Limnos islands
represents the transition area between the western basin of the
north Aegean and the much smaller eastern basin that starts
north of Limnos island and extends ENE into the Saros basin as
a very narrow trough. The maximum depth of this transitional
area is 500 m and the northeast-southwest structures of the west-
ern basin do not continue, but rather are replaced by ENE-WSW
structures east of this critical area (Papanikolaou et al., 2002).
Transpressional deformation has been proposed for this area
(Koukouvelas and Aydin, 2002; Armijo et al., 2003). (2) In the
northwestern part of the basin at its junction with Thermaikos
Gulf, east-west structures dominate. However, the overall de-
formation becomes less important to the west and the submarine
topography gradually becomes smoother and shallower as the
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east-west folds plunge east (as is discussed later). The depth of
the continental platform in both cases remains ~200-300 m.

CONTINENTAL SLOPE

The continental slope defines the boundaries of the basin
between 300—400 m and 900-1000 m depth. The margins of the
basin are controlled by major faults that are tens of kilometers
long and have significant throws (>1 km). The tectonic map of
the basin (Fig. 4) shows only fault throws, because strike-slip
offsets cannot be quantified. In most cases, the Alpine basement
is reflected in lithoseismic profiles in the footwall of the mar-
ginal faults, but it is buried beneath several hundreds of meters
of sediments and cannot be traced in the hangingwall. Thus, the
throw indicated on the tectonic map is the minimum offset of the
top of the Alpine basement. This can be seen in some character-
istic lithoseismic profiles across the main marginal faults of the
basin (Fig. 5).

The dip of the marginal faults lies in the range of 40°—60°,
and adjacent sediments in the basin are in some cases flat-lying
and undisturbed, whereas in others they thicken toward the fault
plane, indicating rapid synsedimentary subsidence (e.g., the
profile of the Sithonia marginal fault, Fig. 5C). There are also
some cases, such as that of the Pelion marginal fault (Fig. 5B),
where the sediments dip away from the fault toward the basin,
indicating a smaller rate of fault slip than of overall basin sub-
sidence. In this particular case, the sediment-fault relationship
can be explained by the strike-slip motion of the dominant east-
west-trending shear zone on the southwestern corner of the
basin (Fig. 4; see next section).

The most impressive structure is the northeast-southwest
fault that forms the southern basin’s margin from its southwest-
ern corner, east of Skopelos Island, to its southeastern corner,
northwest of Limnos island, a distance of 160 km. This major
marginal fault in places splays into two parallel faults, forming
a narrow step zone 2-5 km in width. In other segments, it is
linked to a parallel antithetic fault forming a subsided tectonic
wedge, the upper surface of which forms small elongated
basins at depths of between 900 and 1200 m. The most repre-
sentative example is observed north of Alonnisos island, where
the basin is 15 km long and 3 km wide and has a maximum depth
of 1650 m (Fig. 5A).

BASINAL AREA

The basinal area of the north Aegean basin is characterized
by a complex sea bottom morphology in which a number of flat-
floored basins are separated by several ridges or platformlike
domes. The boundaries of the small basins are fault controlled,
with average values of throw ranging from a few tens of meters
to several hundred meters.

The most important faults occur in the central part of the
basin, opposite the Sithonia and Athos Peninsulas. Here they
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Figure 3. Northwest-southeast profile across the southern marginal fault of the north Aegean basin showing the subparallel fault that has pro-
duced a narrow zone of subsidence along the northern margin of the Northern Sporades—Limnos continental platform. The location of each

profile is indicated by the dark rectangle on the inset map.

form a pronounced northeast-southwest tectonic horst structure
in which the Alpine basement can be detected below 150-200 m
of sediments (Fig. 6). This intermediate horst lies parallel to and
a distance of only 3—4 km from the southern marginal fault of
the basin. Northwest of the horst, the Alpine basement is buried
below 400-500 m of sediments. This is the thickness penetrated

by the air gun, and thus a minimum throw of 900 m is indicated.
On the other hand, the southeast-dipping faults observed along
the Sithonia slopes toward the northern side of the basin display
100-200 m throws.

Several east-west-trending faults located within the basin
have only a minor morphotectonic impact of ~100—200 m in the
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sea bottom bathymetry. One example is shown in the litho-

seismic profile of Figure 7, which traverses a rather symmetric
g tectonic graben. The central subsided part of the basin with hor-
izontal strata lies at 1400 m depth, whereas the two relatively
uplifted margins of the graben lie at 1100 m depth.

In other cases, however, the east-west faults vertically dis-
rupt monoclinal sedimentary sequences, locally uplifting or sub-
siding the mean bedding surface and the subparallel sea bottom
surface by a few tens of meters (Fig. 8). The bedding within these
vertical fault zones is also tilted in one direction or the other by
several degrees, and in some cases it is folded into small, narrow
anticlinal domes. It is noteworthy that these vertical east-west
faults cannot be traced along strike for more than 10 km, but
are replaced by similar east-west faults with the opposite sense
of vertical motion. This geometry, together with the presence of
several shear zones between the faults, implies strike-slip move-
ment. Between the elongated blocks bordered by the east-west
faults and shear zones are several cases of folded strata with east-
west anticlinal or synclinal fold axes (Fig. 4).

One major east-west fold structure is observed in the north-
east-southwest lithoseismic profile across the western part of the
basin between the Pelion and Sithonia marginal faults (Fig. 9).
The anticlinal fold hinge area occurs at 300 m depth, whereas
the disrupted flanks gradually subsided to 600-700 m. An an-
gular unconformity was detected along this profile that is best
expressed at the top of the structure, in the uplifted parts of the
two marginal fault zones and the median area of the anticlinal
fold hinge. The thickness of the sedimentary sequence above the
unconformity is estimated to be ~80 m, implying a broadly
Pleistocene age for these topmost sediments. Thus, local uplift
and erosion must have occurred in the late Pliocene—early Pleis-
tocene, followed by an important recent episode of subsidence
to present-day water depths of 300-700 m. However, the east-
west fault and open fold structures remained active before and
after the tectonic event that created the unconformity, for the
only difference in the structures of the lower and upper strati-
graphic sequences is the higher dip of the lower sequence. The
previously described fold corresponds to one reported by Brooks
and Ferentinos (1980) in another northwest-southeast profile
several kilometers away, where those authors relate the folding
to the fracturing. The same authors also reported intraforma-
tional unconformities in the growth folds of the Thermaikos
Gulf.

The most important tectonic structure at the southwestern
corner of the basin is an impressive east-west vertical shear zone
extending from the northwest-southeast Pelion marginal fault to
1 the west to the northern Sporades northeast-southwest marginal

N PROFILE 21A
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Figure 5. Lithoseismic profiles across the main marginal faults of the
c north Aegean basin: (A) Northeast-southwest fault north of Alonissos,
(B) northwest-southeast fault east of Pelion, and (C) northeast-south-
west fault south of Sithonia. The location of each profile is indicated by
the dark rectangle on the inset map.
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Figure 6. Air gun lithoseismic profile showing the northeast-southwest structures forming the intermediate tectonic horst in the central part of the basin. The location of the profile is indi-

cated by the dark elongated rectangle on the inset map.
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Figure 7. Air gun lithoseismic profile across the east-west structures in the central basinal area (~1400 m depth). The location of the profile is indicated by the dark elongated rectangle on

the inset map.
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fault to the east. Its length is ~50 km, and its width ranges be-
tween 3 and 5 km (Figs. 4 and 10). The shear zone does not cre-
ate any systematically significant vertical offset to the north and
south, but crosses the sea bottom at depths of between 1150 and
1250 m. The vertical fractures of the shear zone heavily disrupt
the planar sedimentary structures, which look chaotic, with mul-
tiple hyperbolic reflections. To the north of the shear zone, the
south-dipping sediments have a distinct geometry, and within
the relatively uplifted area north of the shear zone, the previ-
ously described unconformity is detected. South of the shear
zone, an anticlinal ENE-WSW fold hinge is followed by another
northeast-southwest shear zone. A number of parallel synclinal
folds also occur adjacent to the corner of the basin formed by
the intersection of the two major marginal faults trending north-
east-southwest and northwest-southeast, respectively (Fig. 4).
The opposing dip of the bedding on either side of the shear zone
forms an open synclinal fold (Fig. 4) that may represent the up-
per part of a negative flower structure.

It is noteworthy that the eastern part of this shear zone coin-
cides with the major north-dipping normal fault detected by
Laigle et al. (2000). However, the suggested northwestward con-
tinuation of this fault corresponds not to the shear zone but rather
to a pair of east-west normal faults with Pleistocene throws of
~200 m seen in the western part of the section of Figure 9.

Other shear zones have been mapped in the central parts of
the basin, where the sediments are squeezed between the paral-
lel major northeast-southwest faults of the intermediate horst
and the southern marginal fault. Anticlinal fold hinges along the
tectonic horst zones and synclinal fold hinges in the tectonic
graben zones are also observed. Besides these strike-slip zones
of extremely sheared sediments, there are several cases in which
the sediments have been disrupted by a very closely spaced sys-
tem of northeast-southwest or east-west-trending subvertical
faults that resemble, on a macroscopic scale, the fracture cleav-
age seen under the microscope (Fig. 11).

These shear zones, as well as the change of relative vertical
motion along strike observed in many of the northeast-south-
west and east-west faults and the parallel folds, imply that strike-
slip structures dominate the active deformation inside the basin.
The measured values of throw are in most cases only a small
portion of the overall tectonic slip of the faults. This explains
why sediments become thinner adjacent to some faults, although
significant subsidence would be expected on the basis of their
apparent normal fault character (Fig. 12). Additionally, the oc-
currence of anticlinal folds running parallel to the faults reveals
positive flower structures indicative of the strike-slip character
of the deformation (Fig. 12). If we consider the lateral slip of the
faults, it is obvious that the sediments now in contact with a
given fault may once have been several kilometers away along
the fault’s strike, whereas the actual profile of the fault shows a
contrasting kinematic picture with, for example, subsidence of
the northern block instead of the southern and vice versa, as is
the case in the area southeast of Sithonia (Fig. 13). In this par-
ticular area, the enechelon tilted northeast-southwest blocks cor-
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responds to a deep flower structure reported by Mascle and Mar-
tin (1990).

TECTONIC STRUCTURE OF THE BASIN

Based on previous analysis of the lithoseismic profiles of
the basin, we attempted to distinguish the major neotectonic
blocks bordered by active faults. However, this attempt failed
because, within the basin and inside the frame formed by the
marginal faults, there are no major faults that can be traced for
more than 15-20 km. Additionally, in several cases the same
fault lines correspond to opposite kinematics, with the down-
faulted block in one location becoming the upfaulted block in
another over a distance of 5-10 km (Fig. 13). In other cases, fault
continuity gradually decreases in one direction, with the extra
slip taken up on other subparallel faults, sometimes in eneche-
lon zones. These zones interrelate with anticlinal and synclinal
folds that occur along elongate faulted blocks, with the anti-
clinal fold hinges occurring along the crest zone of tectonic
horsts, whereas the synclinal fold hinges occupy the bottom of
elongate tectonic grabens. In several cases, these anticlinal
and synclinal folds correspond to positive and negative flower
structures, as can be seen when deep structures are also avail-
able (e.g., Mascle and Martin, 1990; Roussos and Lyssimachou,
1991).

Additionally, the frequent occurrence of subvertical shear
zones and their macroscopic zones of fracture cleavage, inter-
fingering with these fold and fault structures, gives an additional
flow character to the transtensional deformation of the thick
Plio-Quaternary sedimentary sequence. This style of brittle plas-
tic deformation characterizes the actual tectonics of the basin,
with the absence of neotectonic rigid blocks emphasizing the
plasticity of the deformed sediments, which are deforming in
intermediate conditions between folding and fracturing.

The overall tectonic structure of the north Aegean basin is
shown on the simplified tectonic map of Figure 14, in which
most of the secondary faults with throws of less than 50 m are
omitted. A special representation of the morphotectonic surface
of the major faults that create important submarine scarps has
been included on the tectonic map. Thus, the width of the fault
outcrops can be observed across strike, sometimes exceeding
3—4 km. Additionally, four 3-D tectonic sections across the basin
are shown in Figure 15. Although the tectonic structure in each
section is different, there is a general geometric scheme for the
basin that can be seen in all sections, involving: (1) a tectonic
graben filled with post-Alpine sediments formed between the
two marginal fault zones of Chalkidiki and northern Sporades—
Limnos, with an east-west trend that becomes northeast-
southwest to the east, and (2) an anticlinal or horst median struc-
ture with the same geometry as the graben. Along this median
zone of relative uplift, there is either elevated Alpine basement
(in the central part of the basin) or anticlines in which the pre-
viously described unconformity underlies older anticlinal struc-
tures (Fig. 15).
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Figure 12. Air gun lithoseismic profile across the northeast-southwest strike-slip faults northwest of Limnos, showing thinning of the sedimen-
tary sequence on one side of the apparent graben structure and an anticlinal fold (positive flower structure) on the other. The location of the pro-

file is indicated by the dark rectangle on the inset map.

A distinct structure within this general tectonic scheme oc-
curs in the southwestern corner of the basin, which is bounded
by the ends of the northeast-southwest and northwest-southeast
marginal faults and by the east-west major shear zone (Fig. 14).
This triangular area is the most deeply subsided part of the basin,
with depths of between 1000 and 1650 m and significant verti-
cal displacements. Additionally, it corresponds to the area where
maximum sediment thicknesses (>5 km) have been reported
(Lalechos and Savoyat, 1979; LePichon et al., 1984). The seg-

ments of the two marginal faults forming the triangular area are
therefore largely normal rather than strike-slip faults.

DISCUSSION AND CONCLUSIONS

The tectonic structure of the basin we have described is in
agreement with the existing kinematic and dynamic data for the
surrounding area. The dextral shear produced by the escape of
Anatolia to the WSW is evident in the dominant northeast-
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southwest structures of the north Aegean basin, which forms a
transtensional zone of dextral shear between the Eurasia plate to
the north and the Aegean block to the south. However, westward
propagation of the northeast-southwest strike-slip structures of
the north Aegean basin into mainland Greece is not observed.

The western barrier of the northeast-southwest strike-slip
structures coincides with the major northwest-southeast Alpine
tectonic structure delineating the internal tectonic boundary of
the medial tectonometamorphic belt to the west from the Axios
(Vardar) oceanic zone to the east (Papanikolaou, 1984, 1986).
This northwest-southeast tectonic zone can be followed from
the inner Dinarides to the northwest to southern Evia, the north-
ern Cyclades, and Samos to the southeast and east, and it bor-
ders the deep tectonic windows of Olympus, Almyropotamos,
and Kerketeas (Fig. 1). These relatively autochthonous units be-
long to the internal parts of the huge External Carbonate plat-
form of the Hellenides, forming their basal tectonostratigraphic
unit (Papanikolaou, 1997; Papanikolaou et al., 2004). This ma-
jor Alpine tectonic zone was transformed to a large-scale exten-
sional detachment in the Miocene (Kilias et al., 2002). Thus,
uplift of the basal units to the top of the mountain ranges of
Olympus (2918 m), Almyropotamos, and Kerketeas (1450 m)
has occurred in the footwall, whereas the topmost tectonic units
of Axios origin are found in the hangingwall.

Geophysical and drilling data from the northern Aegean
(Roussos, 1994) have revealed the existence of an Early Tertiary
molassic sequence several kilometers in thickness, overlain by
thick Late Tertiary sediments. The western margin of the Ther-
maikos basin is shown to be a low-angle normal fault that can be
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Figure 13. Detail of the bathymetric map
southeast of Sithonia Peninsula, show-
ing three parallel northeast-southwest
strike-slip faults that change their sense
of vertical displacement within a few km
along strike, resulting in an enechelon
tilted block structure.

followed to a depth of 6 km below the sediments. However, the
overall geometry of Thermaikos basin reveals a synclinal struc-
ture, the southeastern end of which corresponds to the anticline
between Pelion and Kassandra-Sithonia shown in Figure 9.

The off-shore data from along this northwest-southeast tec-
tonic zone presented by Mascle and Martin (1990) show a dif-
ferent tectonic structure in the northern segment (Olympus) than
in the southern segment off Pelion. Thus, several kilometers of
throw on the ENE-dipping fault zone are observed off Pelion,
whereas a positive flower structure is observed east of Olympus.
This difference may well be the result of the interfingering ef-
fect of the east-west shear zone detected at the southwestern cor-
ner of the basin (Figs. 4, 10, and 14) that may distribute the
strike-slip motion northwest of the shear zone, leaving areas to
the southeast with normal motion.

It is interesting to note that the geometric continuation of
the major northeast-southwest strike-slip structure of the north
Aegean basin, which forms its 160-km-long southern margin,
lies in the direction of Maliakos Gulf, reaching the northwest-
ern coast of the Peloponnesus in Patraikos Gulf via the Sterea
Hellas (Fig. 1). This tectonic line has been proposed to be a ma-
jor boundary of the Aegea microplate (e.g., McKenzie, 1972);
the area south of it should be moving southwest with dextral
strike-slip motion and should create compression all the way to
the Hellenic trench. However, the area south of the Maliakos and
Patraikos Gulfs is characterized by the opening of three sub-
parallel grabens that form the Plio-Quaternary basins of the
northern Evoikos, Viotikos Kifissos, and Corinthos Gulfs. This
particular area, therefore, shows northeast-southwest extension
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Figure 14. Simplified tectonic map of the north Aegean basin based on the interpretation of the air gun lithoseismic profiles (faults with throws

of less than 50 m are generally omitted).

in contrast to the area north of this zone, where no opening of
Plio-Quaternary basins is observed (Fig. 1). Extensional struc-
tures in central continental Greece probably belong to the cen-
tral Hellenic shear zone, which has resulted from the difference
in subduction rates north (continental subduction at 5-10
mm/yr) and south (oceanic subduction at 35-40 mm/yr) of the
Kephalonia transform fault (Royden and Papanikolaou, 2004).

These observations, together with the lack of balance in the
GPS rates between Anatolia and the western Aegean area, indi-
cate that the north Anatolian strike-slip kinematics end within
its triple bifurcation in the north Aegean area. The extensional
deformation of southern continental Greece and the central
southern Aegean is the result of Hellenic subduction zone dy-

namics driven by the retreat of the subducted slab of the Ionian
Sea.

In conclusion, the tectonic structure of the north Aegean
basin is the result of oblique opening produced by the combina-
tion of (1) dextral shear along the northeast-southwest structures
of the basin due to the westward escape of Anatolia (and possi-
bly the central Hellenic shear zone) and (2) southwestward pull
due to the retreat of the Hellenic subduction zone. The model of
gradual increase of opening and deepening of the basin from
northeast to southwest (Papanikolaou et al., 2002) has been
confirmed by the new tectonic data, which show a gradual south-
westward increase of the normal character of the faults, espe-
cially at the basin’s triangular southwestern corner.
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