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Abstract: The studied areas (the Ionian Islands: Paxoi, Lefkas, Kefalonia, and Zakynthos), are situated
at the western ends of the Ionian Basin in contact with the Apulian Platform and named as Apulian
Platform Margins. The proposed model is based on fieldwork, previously published data, and
balanced geologic cross-sections. Late Jurassic to Early Eocene NNW–SSE extension, followed by
Middle Eocene to Middle Miocene (NNW–SSE compression, characterizes the Ionian basin). The
space availability, the distance of the Ionian Thrust from the Kefalonia transform fault and the altitude
between the Apulian Platform and the Ionian Basin that was produced during the extensional regime
were the main factors for the produced structures due to inversion tectonics. In Zakynthos Island, the
space availability (far from the Kefalonia Transform Fault), and the reactivation of normal bounding
faults formed an open geometry anticline (Vrachionas anticline) and a foreland basin (Kalamaki
thrust foreland basin). In Kefalonia Island, the space from the Kefalonia Transform Fault was limited,
and the tectonic inversion formed anticline geometries (Aenos Mountain), nappes (within the Aenos
Mountain) and small foreland basins (Argostoli gulf), all within the margins. In Lefkas Island, the
lack of space, very close to the Kefalonia Transform Fault, led to the movement of the Ionian Basin
over the margins, attempting to overthrust the Apulian Platform. Because the obstacle between
the basin and the platform was very large, the moving part of the Ionian Basin strongly deformed
producing nappes and anticlines in the external part of the Ionian Basin, and a very narrow foreland
basin (Ionian Thrust foreland basin).

Keywords: inversion tectonic; mesozoic sequence; ionian basin; apulian platform margins

1. Introduction

The term “inversion” refers to areas whose evolution has been influenced by reversal
from subsidence to uplift due to contraction and subsequent reactivation of previously
extensional faults and basins. Plenty of sedimentary basins formed in the continental crust,
before, during, or after the oceanic spreading, have been influenced by inversion tectonics
such as basins along the North-East Atlantic margins of Norway and Britain, and have
many different interpretations [1–5]. These basins formed as a response to either local stress
induced by shearing [5], or far-field stress in relation to Alpine compression [1,6], oceanic
ridge-push [7], or oceanic transform motion [8].

Inversion tectonics also emerges largely in continental rifts, and areas of inversion in
the reference Cenozoic East African rift system are reported to the Afar [9,10], and Rukwa
sectors [11,12], as well as to the Turkana area [13]. The several kinematic models so far
proposed for inverted basins imply disturbances of the stress field in relation to transform
fault in the Afar rift [10], plate-scale mechanisms in the Turkana rift [13], and permutation
and/or rotation of stress axes in the Rukwa rift [14].
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For several decades, the Mesozoic-Cenozoic tectonic evolution of the Ionian Basin was
in a thorough debate, particularly regarding the nature of deformations and the problem of
correlating structural events with the Apulian Platform margins, located west of the Ionian
Basin. Lefkas, Kefalonia, and Zakynthos Islands are the keys to this study as both the Ionian
Thrust and the Kefalonia transform fault outcrop in the Islands [15]. This remote area has
been the target of previous expeditions resulting in diverging structural interpretations.
In the external Hellenides, the Hellenic Fold and Thrust Belt mainly developed due to the
collision and the continued convergence between African and Eurasian plates, since the
Mesozoic [16,17]. During the Triassic to Late Cretaceous, the Apulian continental block was
situated on the southern passive margins of the Tethys Ocean and part of this was western
Greece. The extensional regime, characterized by Early Jurassic (Pliensbachian), is associ-
ated with the Tethys Ocean opening, accompanied by the Ionian Basin’s opening [18,19],
whereas further Neogene extension has been observed as well [20]. Contractional deforma-
tion was the most important structural control as this was introduced by the presence of
Triassic evaporites throughout the thrust boundary, between the Apulian Platform margins
and the Ionian basin. Triassic evaporites as they represent the lowest detachment level of
individual thrust sheets are used as the major decollement level.

Salt tectonics can involve regional extension and shortening or can comprise defor-
mation driven purely by gravity (halokinesis) in the absence of significant lateral tectonic
forces. Extensional salt tectonics is most common in active rift basins and on the outer
shelf and upper slope of passive margins [21,22]. Some differences in structural style
depend on whether the extension is basement involved or basement detached [23]. How-
ever, salt tectonics in either setting is dominated by reactive diapir rise and extensional
diapir fall [24–27].

The aim of this paper is to present a structural model of the tectonic evolution of
the Ionian Basin and Apulian Platform margins, from the Late Jurassic to the Pleistocene.
Moreover, through this paper, the impact of the Late Jurassic to early Eocene NNW–SSSE
extension will be seen, followed by Middle Eocene to Middle Miocene NNW–SSE compres-
sion, and finally by Middle Miocene to present NNE-SSE extension, on the stratigraphy
and basin evolution of the Ionian Basin and the Apulian Platform margins. The models are
based on fieldwork, previously published data, detailed and validated 3D modeling, and
balanced geologic cross-sections.

2. Geological Setting

The studied areas of Lefkas, Kefalonia, and Zakynthos Islands are suitable areas for
the study of regional structural evolution as both the Ionian Thrust fault (IT) and the
Kefalonia transform fault (KTF) have been outcropped. This remote area has been the
target of previous expeditions resulting in diverging structural interpretations.

The Hellenic Fold and Thrust Belt were influenced from the Middle Eocene to the
Middle Miocene by the External Hellenides (Figure 1). FTB evolution, from east, during the
Middle Eocene, to west, during the Middle Miocene, moved to the African and Eurasian
plates collision and continuous convergence since the Mesozoic [16].

The Apulian continental block was situated on the southern passive margins of the
Tethys Ocean and part of this block was western Greece, during Triassic to Late Cretaceous.
During the early Jurassic (Pliensbachian), extension processes were responsible for the
Tethys Ocean opening and therefore resulted in the Ionian Basin’s opening [28]. The
presence of Triassic evaporites in the thrust between the Apulian Platform margins and
the Ionian Basin highlighted that the most important structural control is contractional
deformation. Additionally, Triassic evaporites represent the lowest detachment level and
are responsible for the development of individual thrust sheets using evaporites as the
major decollement surfaces [29].

Ionian Thrust, a crustal scale thrust fault that pushes the Ionian Basin deposits over the
Apulian Platform margins, is the major tectonic element throughout Western Greece and the
Ionian Islands and has been active since the Middle Miocene. The NW margin of the Hel-



Geosciences 2024, 14, 203 3 of 13

lenic FTB represents a geotectonically complex area of collision, subduction, and transform
faulting activity [30]. This corresponds to a compressional zone, placed upon the boundary
between the Adriatic and Aegean microplates and the Eurasian-African plates, which in
turn corresponds to a general NNW-SSE convergence between Eurasian-African plates.
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Figure 1. Geological map of the studied area with the four studied cross-sections [28].

Moreover, the activity of different branches of the main Ionian Thrust led to the
evolution of smaller, confined sub-basins [31]. The Apulian Platform margins represent
the continuation of the Apulian Platform to the Ionian Basin, through some edge-slope
facies. It is exposed in several Ionian Islands, mainly in the southwestern margins of the
Hellenic FTB (e.g., Kefalonia, Zakynthos) and south of Corfu (Paxoi Islands). The absence
of Apulian Platform margins in the NW part (Corfu Island) indicates that the Ionian Basin
deposits are directly over-thrusting the South Apulia Platform [32] (Figure 1).

As strike-slip faults influenced the regional tectonic evolution the presence of smaller-
scale strike-slip faults has dissected the Ionian Thrust [33] (Figure 1). Furthermore, and to
the south, the Kefalonia transform fault bisects Western Greece due to an ocean-continent
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subduction and a continent-continent collision regime. Additionally, the Borsh–Khardhiqit
strike-slip to the north of Corfu controls the evolution of the broad region.

In the southern part of Corfu Island, the observed uplift indicates the still Ionian Thrust
activity of that southern part. Additionally, and as in the hanging wall of the southern
section of the thrust, the Triassic evaporites are covered by Middle to Upper Miocene
deposits, and the tectonic activity towards the Miocene–Pliocene boundary, is indicated
(Figure 1).

The study of seismic data [34] showed that the Mesozoic deposits were influenced by
normal faults and that these normal faults reactivated as thrust faults, during Eocene
to Miocene, whereas the same faults reactivated again as normal faults, during Plio-
Quaternary. In addition, it is recommended that Mesozoic transfer faults were re-activated
during the compressional regime as strike-slip faults, whereas there are some normal faults
that during reactivation showed a back-thrust character [28,35] (Figure 1).

Deformation due to collision, based on seismic lines across the Ionian Islands, showed
the different structures close and far from the Kefalonia transform fault [15,29,30,35]

3. Material and Methods

This paper is based on the earlier published papers and measurements during this
work. This paper referred to the relief of each Island, the depositional conditions during
the extensional regime, the distance of the Ionian Thrust from the Kefalonia transform
fault, the activity of Triassic evaporites as décollement surface, the time of inversion from
extension to compression and the activity of thrusts and the deformation structures.

4. Results

To understand inversion tectonics, the following techniques were used: The relation
with the current relief, with the depositional conditions during the extensional regime, with
the distance from the Kefalonia transform fault, with Triassic evaporites, with the age of
inversion activity, with the thrusts and deformation structures, and with comparison of all
the above in cross-sections.

• In relation to the current relief

According to the current morphology and the altitudes on the four studied islands,
and from north to south, it is shown that the higher altitude in Paxoi and Anti-Paxoi Island
is 224 m (Figure 2).
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In Lefkas Island, the altitude of the Apulian Platform margins is up to 845 m (western
side of the Island), while in the Ionian Basin, as there are at least three internal thrusts, there
are high altitudes in different locations ranging from 960 m to 1072 m (Figure 3).
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In Kefalonia Island, the highest altitude occurs in Aenos Mountain at 1650 m, and in
the northern part of the Island, Kalon Mountain is up to 850 m altitude while the Ionian
Basin (eastern side of the Island) reaches up to 1050 m (Figure 4).
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Finally, in Zakynthos Island, the highest altitude of Vrachionas Mountain reaches
756m, while the deposits of the Ionian Basin are located on Skopos Mountain at 492m
(Figure 5).
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Figure 5. (a) Geological map and (b) geomorphological map of Zakynthos Island.

• In relation to the depositional conditions during the extensional regime

According to our results in previous published papers from all islands and considering
Accordi et al.’s [36] results, in general, the Ionian deposits were characterized as pelagic and
accumulated in deep marine conditions, whereas the Apulian Platform margins deposits
showed facies zones that correspond to the platform interior as far as slope to toe of slope
or deep shelf environments (Figure 6). The above differences could represent a depositional
depth difference ranging from 1000 m to 2000 m. This different depositional depth owed
to the normal fault activity that acted in the margins of the Apulian Platform towards
the Ionian Basin, where more than one synthetic normal fault added space with different
altitudes between the two studied regions.

1 
 

 

Figure 6. Lithostratigraphic columns of (a) Ionian Basin and (b) Apulian Platform margins.
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In detail, the facies zone in Paxoi and Anti-Paxoi Islands Paleocene to lower Miocene
deposits represent toe-of-slope to outer slope, but the Ionian Basin is far away from the
studied Islands, for comparison. Lefkas Island with upper Cretaceous to lower Eocene
deposits accumulated in toe-of-slope to outer slope environments. Kefalonia Island showed
many differences from north to south and from west to east. In general, the southern
part with the upper Cretaceous deposits (Aenos region) and the Paliki peninsula with
Paleocene to lower Miocene deposits mostly deposited in the platform interior, whereas
the northern region mostly accumulated to the toe-of-slope to outer slope environment.
Upper Cretaceous deposits of Zakynthos Island that outcropped in the central and northern
parts accumulated in a platform interior whereas the southern part with upper Cretaceous
deposits accumulated in toe-of-slope to outer slope environments. Paleocene deposits in
the southern end accumulated in the platform interior.

• In relation to the distance from the Kefalonia transform fault

Paxoi and Anti-Paxoi Islands were not influenced by the KTF. The distance of Ionian
Thrust in Lefkas Island from KTF ranges from 0 to 15 km, in Kefalonia Island the distance
ranges from 12 to 50 km, whereas the distance of Ionian Thrust from KTF in Zakynthos
Island ranges from 50 to 80 km.

• In relation to Triassic evaporites

Previously published papers showed that the decollement surface was the evaporitic
deposits and these outcropped in western Greece, in contact with the thrusts, internally to
the Ionian basin. Triassic evaporites outcropped only in Zakynthos Island from the studied
Islands in contact with the Ionian Thrust but also outcropped along to the Ionian Thrust in
Corfu Island.

• In relation to the age of inversion activity

The change of the tectonic regime from extension to compression took place during
the Middle Miocene [16,37].

• In relation to the thrusts and deformation structures

In the Paxoi and Anti-Paxoi Islands, where there is no influence of KTF, there are no
recognized thrust faults. According to the synsedimentary deformation structures [37]
that developed during the Paleocene to Early Miocene, it seems that the basin floor was
influenced by the normal faults’ activity internally to the Apulian Platform Margins during
the rifting stage. These normal faults probably reactivated as thrust faults during the
Middle Miocene inversion and the Islands came up, uplifted, and now are in the air.

In Lefkas Island, the Ionian Thrust is very close to the KTF, and due to this proximity,
there is no additional thrust in the Apulian Platform Margins. In the Ionian Basin deposits,
at least three internal branches of the Ionian Thrust were recognized, which strongly
deformed the Ionia Basin deposits, with the development of accompanied small and
restricted piggyback basins internally to the Ionian Basin.

In Kefalonia Island, with a mid-distance from the KTF, in relation to the distance
from Lefkas and Zakynthos Islands, at least three internal branches of the Ionian Thrust
were active in producing small and restricted foreland basins, where submarine fans
accumulated [31].

Additionally, it has been mentioned that in the Lefkas and Kefalonia Islands, the
contact between the deposits of the Ionia Basin and the Apulian Platform Margins, due to
the Ionian Thrust activity ranges from 300 m to 3 km.

• Comparing all the above in four cross-sections

In order to build up our theory using the tools mentioned and analyzed previously,
four cross-sections were created showing the development of the four Islands. In detail:

The A-A’ and D-D’ sections (Figure 7) suggest that when the area influenced by the
Ionian Thrust (IT) is situated remotely from the Kefalonia transform fault (KTF) then
the deformation is the same. As the IT affected the margins of the Apulian Platform, a
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high angle anticline was formed in both cases (Paxoi Anticline–PA), with up to 200 m
altitude, and Vrachionas Anticline (VA), with up to 550 m altitude, in Zakynthos Island).
In Paxoi (Figure 7A-A’, Figure 8), the KTF is not present and therefore sufficient space is
available, a conventional foreland basin was formed, below sea level. In Zakynthos Island
(Figure 7D-D’), the Ionian fault pushes the margins of the Apulian Platform towards the
KTF. In this case, the space was limited, resulting in margin uplift and producing the VA.
The Ionian Thrust gradually evolved into the Kalamaki Back Thrust (KBT).
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Figure 8. Evolutionary stages of development from rifting stage to present, applied to Paxoi and
Anti-Paxoi Islands. (a) The rifting stage; (b) the change of the extensional to compressional regime
with the reactivation of normal faults as reverse faults (inverted tectonic) and the gradual change
from the Apulian platform margins to the forebulge area of the Ionian foreland and (c) the present
morphology of Paxoi and Anti-Paxoi Islands with an open anticline geometry due to the Ionian thrust
movement [37].

In addition, when the deformation is at close proximity to the KTF (Figure 7 cross
sections B-B’ and C-C’) then the results differ.

In the case where IT is very close to the KTF (Figure 7B-B’) and limited preserved
space exists, only the pre-existing deposits of the Ionian Basin were deformed, producing
numerous synclines and anticlines, with highest altitudes up to 1150 m. Additionally, the
margins of the Apulian Platform, restricted or protected from the KTF, were deformed
generating altitudes up to 750 m, between KTF and IT.
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In Kefalonia Island (Figure 7C-C’), the Apulian Platform margins present the most
interesting structures, because they were deformed from the compression of the IT pro-
ducing several small foreland basins. The Paliki Peninsula (PP) (up to 450 m altitude) is in
close proximity to the KTF and exhibits slumped blocks in opposite directions (eastward
directed) over younger deposits. This is most likely because of limited space available
Aenos Mountain (AM) with up to 1650 m altitude (the highest in the Ionian Islands) was
formed because of the westward movement of the IT. Although space from AM to PP
peninsula is available, the strong uplifted block of AM could be related to the high angle
of the pre-existing normal fault and its great displacement, as well as the coexistence of
another thrust fault in Argostoli Gulf (AG). This suggests that AM could represent the
wedge top of the Argostoli thrust.

5. Discussion

The boundary margins between the stable Apulian Platform and the Ionian Basin
display changes in the tectonic regime from extensional to compressional regime, with
characteristic structures [2,3,34] (Figure 9). During the Eocene to Middle Miocene, the
pre-existing normal faults reactivated as thrust faults from east to west and the transfer
faults as strike-slip faults producing different structures. The type of tectonic structures
generated by the inversion tectonics depends on both the existing displacement of the
marginal normal faults, the pre-existing depositional environments, and the proximity of
the IT to the KTF.
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Parameters such as the pre-existing displacement of normal faults, the frequency of
normal faults, and the proximity to transfer faults that could be reactivated as strike-slip
faults are important in the study of inversion tectonic structures.

The fact that Mt Aenos with the highest altitude formed between the Ionian Thrust
and the internal thrust of the Apulian Platform Margins, that of >2500 m, as a reaction
to the compression of a deep marine environment towards a platform interior, means
that there was a large difference in depositional depth could explain why Aenos was not
over-thrusted but only uplifted.

The fact that the deposits of the Ionian Basin of Lefkas are stratigraphically composed
of Triassic evaporites explains why the Ionian deposits were broken into blocks using
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the evaporites as decollement surfaces when they crashed into the Apulian Platform
Margins with a large difference in altitude between the Ionian Basin and Apulian Platform
Margin deposits.

The fact that both Paxoi and Zakynthos Islands deposits showed only open anticline
geometry could be explained by the events being either without any influence from the
KTF or far away from the KTF and independent of the difference in depositional depth
between Apulian Platform margins and Ionian Basin.

6. Conclusions

Apulian Platform margins represent the transition margins from the Apulian Platform
to the Ionian Basin and were formed because of the extensional tectonic activity, associated
with normal faults during the Mesozoic. The differences in the displacement of the marginal
faults and so on in the depositional depth between the two different areas and the influenced
area from north to south generated areas that differ in size and bathymetry. During the
Eocene to the Middle Miocene, the normal faults reactivated as thrust faults, and the
produced deformation was influenced by the existing displacement and the presence of
KTF. The compressional regime started its activity during the Middle Eocene in the eastern
areas and slowly migrated westwards where during the Middle Miocene the Ionian Thrust
activated producing different footprints on current relief.

In cases of limited space between KTF and Ionian Thrust, both Apulian Platform
margins and the Ionian Basin deposits were deformed. In cases of space availability, as
in Kefalonia Island, the reactivation of marginal normal faults generated small foreland
basins within the region of the Apulian Platform Margins. In the case of limited space, the
piggyback basin was formed within the Ionian Basin region many times due to back-thrusts.
In the case of no influence or being far away from the KTF, the Ionian Thrust deformed the
Apulian Platform Margins producing open anticlines.
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