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Abstract: The studied section, up to 10m thick, with 17 different carbonate beds, showed the inter-
action between a giant slide and the pre-existing normal faults, during the upper Cretaceous time.
There are three major points in the studied section: (1). The presence of two slump horizons, up to
1m thick each, within the stratigraphic column, related with the basin floor instability, due to normal
listric faults activity, (2). The presence of many normal, with listric geometry, faults, with an ESE-
WNW direction, and mostly west dipping. These faults acted during the sedimentation processes
and produced the basin floor inclination for the slumping, when still the sediments were unconsol-
idated. This tectonic activity seems to terminate in the upper part of the stratigraphic column, (3).
After the development of the slumps and the normal faults activity, that produced a displacement
up to 30cm, a new event was characterized the region. The completely studied block probably ro-
tated to the west and thus the instability of the sediments produced a giant slide, with up to 7m
thick and movement up to 0.9m, cutting the pre-existing normal faults. The knowledge of the re-
gional evolution, with extensional tectonic during Jurassic to early Miocene that was inverted to
compressional regime, during middle Miocene, and the presence of a major normal fault along the
studied section, with an NNW-SSE direction, introduced that the studied section was situated on

the hangingwall of the above fault, during the extensional regime.
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1. Introduction

Tectonic intensity greatly affects the development of depositional successions of the
area that makes it crucial about the period that took placed. Inversion tectonic is charac-
terized as the reverse from subsidence to uplift due to the contraction and subsequent
reactivation of previously extensional faults [1-3].

Landslides contribute to dismantle active mountain belts [4,5], and faults control the
location and abundance of landslides caused by seismic and meteorological triggers [6,7].
Landscape evolution models predict higher rates of landslide erosion near faults [8,9].
However, empirical evidence of the long-term, regional dependency of landslides on ac-
tive faults remains scarce [10]. Slump is a type of slide (movement as a mass) that takes
place within thick unconsolidated deposits. Slumps involve movement along one or more
curved failure surfaces, with downward motion near the top and outward motion toward
the bottom. They are typically caused by an excess of water within these materials on a
steep slope [11].

The objective of this study is to recognize the generating mechanism of slides and
slumps, to understand their relationship with the basin geometry and evolution and to
relate them with fault activity and the age of their formation.
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2. Geological Setting

The Hellenic Fault and Thrust Belt (HFTB) dominates the External Hellenides and is
mainly controlled by the collision and the continued convergence of the African and Eur-
asian plates since the Mesozoic [12].

In Kefalonia Island, the Apulian Platform Margins (APM) were deformed from the
compression of the Ionian Thrust producing several small foreland basins. The Paliki Pen-
insula is at close proximity to the Kefalonia strike - slip fault and exhibits slumped blocks
to opposite direction (eastward directed) over younger deposits [13] (Figure 1).
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Figure 1. Simplified geological map of the Ionian Basin and the Apulian Platform Margins (APM),
showing the major structural elements. The studied Kefalonia Island is marked with a red box [14].

The main structural pattern of Kefalonia Island consists of inverse faults and over-
thrusts. The over-thrust of Ionian Basin on Pre-Apulian Platform are affected by two

thrusts, Atheras and Enos thrusts, causing the contact between different depositional suc-
cessions [15] (Figure 2).
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Figure 2. The geological map of the Island of Kefalonia. The studied Paliki Peninsula is marked with
a red box.



Proceedings 2022, 69, x FOR PEER REVIEW 3 of 8

Accordi et al. [15, 16] introduced six (6) different sectors (from I to VI) in the study
area of Paliki Peninsula (Figure 3). From sector I up to sector III that located west of the
Atheras Thrust, a progressive increase of a hiatus was recognized. A subaerial exposure
of the whole area was suggested, that was terminated by the onset of shallow water sedi-
mentation, followed by an increasing deepening. East of the Atheras thrust, in Rahi-
Loutsa sector (Sector IV), the restricted inner-ramp facies were missing, whereas the se-
quence shows a wider textural variability of the middle-outer ramp facies, some in situ,
some others resedimented. Sector V in Zola is the tectonic contact between the shallow
water succession of sector IV and the toe of slope succession of sector VI hidden by Mio-
cene and Plio-Pleistocene deposits. Finally, east of Enos thrust, the sector VI, with a toe of
slope sedimentation, persists throughout the Senonian without significate changes, was
recognized.
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Figure 3. (a) The geological map of the studied Paliki Peninsula. Red box shows the studied area;
(b) A detailed map showing the studied northern part of the Paliki Peninsula with the location of
the selected samples.

In general, they introduced that from west to east, at the lower stratigraphic parts, a
sabha and tidal flat environment (Atheras sector III) pass laterally to subtidal protected
lagoon (Rahi-Loutsa sector IV) and finally to the toe of slope (Zola sector V). In the upper
stratigraphic parts and from west to east a tidal flat—protected lagoon pass from a subtidal
protected lagoon to open marine shoal and finally to the toe of slope.

3. Material and Methods

The depositional conditions and the age determinations were based on selected sam-
ples from the western part of Kefalonia Island, from which thin sections were prepared.
Sampling was run in carbonate deposits of different age in the Paliki Peninsula and was
organized according to the pre-existing geological map of Kefalonia Island. Eighteen sam-
ples in Paliki Peninsula were collected.

The selection of the samples was based on lithology and facies alternations (Figure
3). All samples were cut, and thin sections were prepared for microfacies analysis in order
to establish the temporal and spatial changes and the evolution of the respective deposi-
tional paleoenvironments in the study area (Figure 3).

Microfacies analysis was used to identify the depositional environments and the dy-
namic conditions of the carbonate sequence in the northern part of Paliki Peninsula in
different positions of the basin. The textural characters of microfacies types were defined
according to Dunham’s [17] classification modified by Embry and Klovan, [18] and Fliigel
[19], and their description includes biogenic and inorganic dominant components of
depth and depositional environment [20-22].



Proceedings 2022, 69, x FOR PEER REVIEW 4 of 8

4. Depositional Conditions and Age Determination

The microfacies analysis in the studied thin sections (for the location of samples see
Figure 3b) showed that we have samples that deposited in deep water conditions in a
pelagic environment (FZ3/FZ4) as well as some samples that deposited in a shallower wa-
ter condition in an open marine-restricted environment (FZ7/FZ8).

Especially, samples A1, A3, A14, A15 and A17 were classified as SMF3, which depos-
ited in a moderately inclined sea floor and basinwards of the steeper slope environment
that belong to facies zone FZ4. Samples A13 and A18 samples classified as SMF5 type that
belong to facies zone FZ3. Both FZ3 and FZ4 facies zones represent slope depositional
environment conditions.

In addiction samples A2, A4, A5, A7, A8 were classified as SMF 8-9 type that belong
to facies zone FZ7. Although A6 and A16 were classified as SMF 17-18 type that also be-
long to FZ7 facies zone. There were also same samples (A9, A10, All, Al12) that were
classified as SMF 19-20 type and belong to facies zone FZ8. In these samples that repre-
sents FZ7 and FZ8 facies zone we have the presence of benthic foraminifera and algae.
Both FZ7 and FZ8 facies zones, representing an open marine-restricted environment.

5. Field Work

The studied section along the road from Argostoli to Lixouri and close to the isthmus
of Paliki peninsula is 230m length and up to 10m thick, with an overall NW-SE direction
with 15°, up to 23° dip (Figure 4). Seventeen (17) different beds were recognized, which
some of them present internal differences and could be related with different time of the
development. The beds of the studied section present different thicknesses from medium
to thick-bedded limestones (0.3 m to 2 m).

Figure 4. Panoramic view of the study area. The red dashed lines show the normal faults that influ-
enced sedimentation processes and the black box shows the studied section.

Two slump horizons, up to 1m thick each, with sharp and erosional contacts, were
recognized in the eastern side of the section. Twelve (12) faults were measured in the
western part of the section. The above faults have a listric geometry, with an ESE-WNW
direction. Most of them dip to the west and some of them show an east dip. The synchro-
nous activity of the above faults produced either a synthetic scale or a horst geometry. A
detachment surface of a giant slide, up to 5 m thick, also was recognized in western part
of the studied section. Finally, a recent fluvial channel, 20 m wide and 4m thick, with
erosional contact, was recognized, that was developed due synthetic and antithetic fault
activity.

5a. Slump Horizons

The presence of two slump horizons, horizons two (2) and seven (7), were recog-
nized. Both slumps showed that sourced from the east, as a result of tectonic activity (Fig-
ure 5).

The first slump horizon (2) showed an outcrop of 71 m long and 1.8 m thick, with flat
base, erosional upper surface (Figure 5al) and high lateral stable thickness. Over the later
five (5) undeformed horizons were developed with flat bases, except this of horizon 3,
who rest over the horizon 2 with an erosional contact (Figure 5a2).
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The second slump horizon (7) wedged out northwards, showed an outcrop of 88 m
along and 1.2 m thick (Figure 5a2), with reduce of its thickness from 1.2 m to 0.3 m (Figure
5a3).

The geometry of these two slumps and the internal clast size introduce that both
sourced from south.

Figure 5. On the top the studied section is shown, where with white box the exact location of pho-
tograph a is marked; (al) a slump horizon (horizon 2) between the undeformed horizons (1,3) with
an erosional top surface; (a2, a3) Medium interbedded limestones with showing the two slump ho-
rizons (2,7) and their lateral extension.

5b. Normal with Listric Geometry Faults, Most of Them with an ESE-WNW Direction

In the studied section, twelve (12) normal faults were measured, only in the western
part of the section. Most of them showed an ESE-WNW direction and only few of them
showed an NNE-SSW direction. In addition, there are faults with opposite dip direction
(synthetic and antithetic faults) and as result, highs and troughs were developed inter-
nally to the basin, during the sedimentation (Figure 6a). The above faults showed move-
ments of the downthrown blocks ranging from 2 cm up to 30 cm. Finally, this tectonic
activity seems to terminate in the upper stratigraphic outcropped level, during the sedi-
mentation (light green line on Figure 6a,b).

Figure 6. On the top and in the general view of the studied section the exact location of photographs
a, b were marked with white boxes. (a,b) The activity of synthetic and antithetic normal faults with
an ESE-WNW are marked. See the intrabasinal basement high or the synthetic scale with 2 cm up to
30 cm displacement. Light green line in the upper stratigraphic outcropped level shows the end of
the tectonic activity during sedimentation.
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5c¢. Giant slide

In western part of the studied section, a detachment surface, on which a giant slide
was took place, up to 5 m thick, was recognized (yellow dashed line, in Figure 7a,b). This
detachment surface crosscut the pre-existing faults, and moves the whole block to the
west. The above slide indicates an instability of the basin floor with consolidated sedi-
ments producing a movement at least for 0.9 m to the west (Figure 7a,b).

Figure 7. On the top and in the general view of the studied section the exact location of photographs
a, b were marked with white boxes. (a,b) In two different locations, a detachment surface produced
a huge block — giant slide (yellow line) up to 5m thick. The giant slide moved to the west for at least
0.9m.

Additional data

Moreover, in the eastern side of the studied section recent fluvial deposits were rec-
ognized in a channelized geometry body that seems to follow a N-S direction, parallel
with the major measured faults direction (Figure 8).

Figure 8. On the top and in the general view of the studied section the exact location of photograph
is marked with white box. A channel geometry body, with N-S direction and erosional base, filled
up with recent fluvial deposits showing that measured faults are still active.

It seems that the synchronous activity of synthetic and antithetic faults produced a
subsided block, with a channel geometry, where the river was flowed (Figure 8) and
eroded the underlying deposits. In the main channel axis, with more than 10m width,
more than 4m thick deposits were accumulated. It is not clear if this event took place be-
fore or after the movement of the giant slide and if the same faults influenced the two
different events. In now days this channel is situated 85m over sea level, without any clear
evidence about the time of its development.

6. Discussion

The detailed analysis of the studied section and taking into account, our microfacies
results from the surrounding areas, and the pre-existing previous results, different ap-
proaches for the sedimentary conditions, the basin evolution and the interaction between
different factors, were arranged. These approaches referred to the depositional environ-
ments and the dynamic conditions of the carbonate sequence in the northern part of Paliki
Peninsula, part of Kefalonia Island.
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Microfacies analysis showed two different types of depositional conditions (FZ3/FZ4
and FZ7/FZ8). The samples from studied section showed that they were deposited either
in deep-water conditions, in a pelagic environment (FZ3/FZ4), or in a shallower water
condition, in an open marine-restricted environment (FZ7/FZ8). The deep-water samples
that are situated close to the Atheras fault, in a very restricted but elongate basin, intro-
ducing that during Cretaceous the above fault plane acted as normal fault, with listric
geometry, dips to the west and deep-water conditions were developed in its hangingwall
block. From the other hand Enos fault plane dips to the east and gradually the basin was
deepening eastwards towards the Ionian basin. Later and during the compressional re-
gime (middle Miocene) Atheras faults inverted to back-thrust fault and Enos inverted to
thrust fault. Moreover, the synchronous activity of Atheras and Enos fault created an in-
trabasinal high, in the block between them (Figure 9a, b).

Compressional regime

Enos
Mountain

Studied
section & & — a

Figure 9. Modified from Google earth a map where the major faults (red dashed lines) were added,
and the different depositional conditions of the studied samples are shown with different pin colors.
The red pins show shallow water conditions and the green pins deep waters conditions according
to microfacies analysis of the studied thin sections. Additionally, for a cross-section A-A’, with a
WNW-ESE direction, two proposed conditions, during the rift stage and during the compressional
regime, were introduced.

As the studied area is situated far from Ionian thrust and taking into account present
results in combination with the previous results [13,15,23] it seems that Apulian Platform
was very close to west of the studied Paliki Peninsula.

It is obvious that the Enos fault, acting as a normal fault, during the Cretaceous, was
the responsible fault due to the activity of the studied area was developed. Due to the
activity of the above fault, the studied section rotated to the west and an unstable basin
floor was formed, from which the giant slide was produced.

7. Conclusions

Three major points—events took place, with chronological order. First, two slumps
were developed and sourced from the east and from the uplifted footwall of a normal
fault situated east of the studied section. Second, many normal faults cross cut the studied
sections, with listric geometry, displacement up to 30 cm, and with an ESE-WNW direc-
tion, mostly west dipping and less east dipping, producing either a synthetic scale or a
horst geometry. These faults acted during the sedimentation as their activity ended before
the end of the sedimentation. Third, a giant slide was produced, as a result of an unstable
basin floor due to the whole block rotation to the west and the instability of the sediments.
This slide cut the pre-existing normal faults and the block moved at least for 0.9 m to the
west.
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