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Abstract: Geological heritage or geoheritage refers to the total of geosites, i.e., areas of high geological
interest in a given area. Geosites have a high potential of attracting geotourists, thus contributing
to the development of the local economy. Assessing sites of geological interest can contribute to
their promotion, as well as their preservation and protection. Greece’s geotectonic position in the
convergent zone between the African and Eurasian plates has contributed to the existence of a
considerable wealth of geosites, with the particularly active geotectonic region of the Ionian Sea
characterized as a geoheritage hotspot. The purpose of this study is the selection of several such
sites from the islands of Lefkas, Meganisi, Kefalonia and Ithaki and their assessment regarding their
scientific, environmental, cultural, economic and aesthetic value. The most representative sites for the
individual disciplines of geology (e.g., geomorphology, tectonics, stratigraphy and palaeontology)
have been chosen, mapped and assessed, while indicative georoutes are proposed, which could aid
the island’s geotouristic promotion to geologist and non-geologist future visitors.

Keywords: geosites; geoheritage; geotourism; georoutes; Ionian islands

1. Introduction

Geological heritage or geoheritage refers to the total of geological sites in a given area,
often abbreviated as “geosites”. Geosites are areas of high geological interest; i.e., tectonical,
palaeontological, mineralogical, stratigraphical, geomorphological, palaeogeographical, etc.
(see [1]). More specifically, Gray [2] has itemized the individual components of geological
heritage, namely mineralogy, petrology, paleontology, geomorphology, sedimentology,
tectonics, pedology and, of course, the Earth’s history. Sites of geomorphological heritage
are particularly referred as geomorphosites [3,4]. Kozlowski [5] adds another individual
component, the superficial water (i.e., rivers, lakes etc.), whereas Gonzalez-Trueba [6]
also considers the sea and oceans. The value of geoheritage has been widely recognized
(e.g., [7]), with many researchers (e.g., [2,6-10]) trying to promote areas of high geological
interest.

Besides their scientific value in general, geosites are also characterized by an ecologi-
cal/environmental, cultural, economic and aesthetic value. These values are essential for
a site of interest to be considered as a geosite [11-15]. Of course, the determining factor
for recognizing an area as a geosite is its scientific value, however the rest of the values
are also of paramount importance when assessing the geosites and/or comparing them to
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others [16]. As a general term, a geosite is a geological element, which is important for the
comprehension of the Earth’s history and the processes that took place at the corresponding
period [13,17]. Thus, geosites and the associated fossils, rocks and minerals may contribute
to our knowledge regarding palaeoclimate, palaeogeography, past life, tectonics and other
processes [18,19]. In addition, following the uniformitarian principle proposed by Hutton,
stating that the natural laws and processes occur in the present days in the same way as
they did in the past, geosites can contribute to our understanding of current geological
processes.

Geosites have a high potential of attracting geotourists, thus contributing to the
development of the local economy [20,21]. Geotourism is a recently developed form of
tourism that mainly regards visiting areas of particular geological and / or geomorphological
interest (e.g., [22-27]), contributing to the sustainable development and the prosperity of
the local economy of an area rich in geosites [28-31]. What is more, geosites do not only
apply to connoisseurs of the principles of geology, but to mere tourists as well; for instance,
families etc. [32].

Assessing sites of geological interest regarding their scientific, environmental, cultural,
economic and aesthetic value can contribute to their promotion, as well as their preservation
and protection (e.g., [33,34]). Protection usually refers to corrosion due to weathering,
massive tourism impacts, as well as vandalism by the locals (e.g., [14]). Additionally, not
much prominence is usually given to their geological importance, as the ecological value
and the biodiversity are in most cases the main goal when it comes to protection (e.g., [2,35]).
In recent years, however, there have been many attempts to assess the overall value of the
geosites (e.g., [36-39]).

There are two ways of is assessing a geosite. The first one is qualitative and is con-
ducted by means of some qualitative criteria. These were introduced by Watson and
Slaymaker [40] and further developed by Pena dos Reis and Henriques [41], and they are
still used in some cases. The second is the quantitative one [17,36-39,42—44]. This method is
more representative, objective and impartial [45] and is therefore more widely used, despite
the fact that different criteria have been proposed by different authors [7,37-39,45-49]. The
assessment criteria always include the issues of rarity, representativeness and integrity [50],
but other criteria are also set correspondingly to the type, location and geological interest
of the geosites, including for instance, palaeontological, palaeoclimatological and paleogeo-
graphical aspects, the educative value, the ecological interest etc. (e.g., [47]).

An area that contains many sites of high geological as well as ecological, cultural,
economic and/or aesthetic value is often referred to as a geopark. UNESCO Global Geop-
arks represent geographical areas where sites and landscapes of international geological
significance are managed with a holistic concept of protection, education and sustainable
development [51], and have been established both for the protection of the geosites and the
preservation of the geoheritage (e.g., [52]). Furthermore, geopark entities usually collabo-
rate with each other in order to exchange experience and geoconservation/promotion or
management techniques (e.g., [53,54]). Geoparks meeting certain criteria are included in
UNESCO'’s list of global geoparks; currently, six of these geoparks are located in Greece [54].

Greece’s geotectonic position, i.e., in the convergent zone between the African and
Eurasian plates [55] has contributed to the existence of a considerable wealth of
geosites [42,53,56-59]. It is often referred to as a “natural geological laboratory”, host-
ing a significant number of sites of geological interest, regarding mineralogy, palaeontology,
stratigraphy, geomorphology etc. [54,60].

The islands studied for their geoheritage component in this paper are Lefkas, Meganisi,
Kefalonia and Ithaki, located in the Ionian Sea, western Greece (Figure 1), covering an
area of 303 km?, 22 km?2, 773 km? and 117 km?, respectively. Lefkas, the northernmost
among the four, took its name from “Lefkata” cape to the south and was previously called
Aghia Mavra [61]. Meganisi is a small islet, administratively belonging to Lefkas Regional
Unit. Its name literally means “Large Island”, while [62] suggests that it corresponds to the
Homeric island of Krokylea. Kefalonia represents the largest island of the Ionian Sea and
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the sixth largest in Greece, inhabited since ancient times. Ithaki Island, administratively
connected to Kefalonia, is also inhabited since the antiquity and thought to be the mythical
island of Odysseus, even though [62] states that Lefkas is actually the Homeric Ithaca.
Recently, an extended study aims to prove that Paliki peninsula on the island of Kefalonia
is the land of Odysseus (e.g., [63]; Odysseus Unbound Project).

20°20'E 20°20E 20740°E 20°50'E

Figure 1. Map of the study area and location of the considered Ionian islands (Lefkas, Meganisi,
Kefalonia, Ithaki).

So far, considerable efforts have been given for the establishment of the Kefalonia-
Ithaki Geopark, highlighting numerous geotopes on the islands [64], with an end target to
be included in the UNESCO geopark list. The initiative is supported by a large consortium
of stakeholders, including the Region of Ionian islands.

In the present study we prefer to keep the term geosites referring to sites that combine
natural geoscientific monuments with aesthetic, naturalistic, cultural, historical, touristic
and educational values (e.g., [14,65]), instead of geotopes, which are defined as the smallest
geographic unit with prominent geological features (e.g., [65]). Thus, we aim to expand
our geoheritage knowledge for the Ionian islands by documenting and assessing selected
geosites (mostly geomorphosites, in cases exhibiting paleontological, tectonic or miner-



Geosciences 2022, 12, 55

4 of 31

alogical interest), located not only on the islands of Kefalonia and Ithaki but on Lefkas
and Meganisi as well, while adding some more sites to the existing lists. Based on our
assessment, indicative georoutes are designed and introduced, particularly highlighting
inter-island and thematic geotourism.

2. Study Area, Geomorphological and Geological Setting

The geomorphology of the islands is generally mountainous, with steep slopes and
many coastal cliffs. Lefkas is characterized by a mountainous repousse with the highest
peak being Stavrota (1182 m). Other high peaks include Elati (1126 m), Ai Lias (1014 m)
and Mega Oros (1012 m). Furthermore, there are many places indicating deep erosion
(deep V-shaped valleys, such as in Roupakias, Episkopos and the gorge of Melissa), as
seen from satellite images from Google Earth. Deep erosion is mostly owed to its intense
tectonic activity [66]. The coastline primarily comprises steep cliffs, but there are many
sandy beaches, however, in front of the steep cliffs. Meganisi is also mountainous, although
it is characterized by mild terrain, gentle slopes and low altitudes (its highest summit
barely exceeds 300 m). The largest part of its coast is cliffy, consisting of many successive
beaches and coves, cartographically resembling rias, especially in its northeastern part.
Kefalonia and Ithaki are also mountainous and characterized by deep erosion, with few
plains located near the coastal zones. According to Koumantakis [67], there are plains
surfaces formed by processes of erosion and deposition, which compose terraces of different
height. The majority of the coasts are rocky, but, in the west and southwest, there are coasts
with yellow, fine-grained sand that forms dunes [68]. About 2/3 of the total length of the
coastline in Kefalonia are subject to coastal erosion, resulting in the creation of various
landforms, such as marine terraces, tidal nothes, beachrocks and aeolianites [69]. Regarding
the karstic landforms, which are abundant in both islands, they are a result of the intense
chemical erosion in carbonate rocks, with the karstification preventing the development of
the hydrographic network, thus resulting in the formation of many hydrological basins
that cover small areas [67].

The islands’ geotectonic position at the transition of the convergence zone of the Greek
arc to the collision zone of the Adria [55,70] is confirmed by the clockwise submarine
downthrown fault-block of Kefalonia. Kefalonia Island is located on the tectonic front
of the Hellenic thrust and represents the active plate boundary between the European
and African plates, which is characterized by an oceanic and continental subduction [71].
Due to their geotectonic location, all studied islands are marked by intense seismicity [70].
The geological structure of the islands (Figures 2 and 3) includes post-alpine formations
and the sedimentary alpine Paxos and Ionian geotectonic units that belong to the external
Hellenides [55,72,73].

The tectonic structure is driven by deforming episodes of a compressive type, while
the neotectonic forms are represented mainly by faults that cut all the formations of the is-
lands [74,75]. The lithological formations are almost exclusively carbonate rocks [67,70,75-77].
The Paxos unit, represented mostly by microcrystalline limestones of Cretaceous age, cov-
ers Lefkata Peninsula and the area of Moutlou in Lefkas (Figure 2) [78] and almost all of
Kefalonia (Figure 3) [73]. The Ionian unit, which is thrusted over the Paxos unit, covers
all of Lefkas except for the Lefkata peninsula, Meganisi and Ithaki and the area of Sami
at southeastern Kefalonia [55], including mainly carbonates of Triassic-Jurassic age (Pan-
tokrator neritic limestones, Ammonitic Rosso beds, Vigla pelagic limestones, brecciated
Senonian limestones [79] and limited flysch and molassic occurrences [80-82]. The strati-
graphic column is completed with Pliocene—Quaternary post-alpine formations that lay
unconformably above the alpine basement [67,75,82-86].
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Figure 2. (a) Geological map of Lefkas and Meganisi islands, showing the distribution of their

geotectonic units and the main faults and thrusts. (b) Legend of the geological formations.
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Figure 3. Geological map of Kefalonia and Ithaki island, showing the distribution of the geotectonic
units and the main faults and thrusts. For the legend of the geological formations see Figure 2b.

3. Methodology

This paper is mainly based on bibliographical references for the study areas. Initially,
papers and other authorities have been studied regarding geoheritage and its assessment,
as well means of promotion and/or geoconservation. Several sites already proposed as
potential geosites (e.g., [59,64]) have been evaluated in the present study, while further
sites of interest have been spotted in the literature and graded according to the evaluation
criteria applied (Table 1). In addition, some geosites have been documented and assessed
upon in situ visits, which took place in Lefkas-Meganisi in 2020 (geosites L02-03, L0607,
L09-10, L12-15, M01; E. Spyrou), Kefalonia in 2013-2015, 2018-2019 (geosites K01, K03-04,
K06-07, K09-11, K13-18, also including cave terrestrial laser scanning, marine terraces
sampling etc.; D. Marketou-Galari, M. Triantaphyllou, E. Vassilakis, A. Konsolaki) and
Ithaki in 2005 (103-06; M. Triantaphyllou) (for geosites coding see Tables 2—4).

Geosites have been individually assessed when it comes to their scientific, environ-
mental, cultural, economic and aesthetic value. The method used in this paper is the one
proposed by Skentos [42], Skentos and Triantaphyllou [43]. More specifically, the criteria
include geological history, representativeness, geodiversity, rarity, conservation, education,
history—archaeology, religion, visibility, relief differentiation, accessibility, touristic infras-
tructure and ecological value (Table 1), applying a combination of the schemes proposed by
Grandgigard [87], Rivas et al. [36], Theodosiou et al. [59], Zouros [48], Reynard et al. [47]
and Fassoulas et al. [7]. Each geosite is evaluated for each criterium individually, with
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grading values ranging from 1 to 5. For instance, regarding geological history, values 1 to 5
are given to geosites of minor, moderate, major significance locally, moderate significance
regionally and major significance regionally. When it comes to conservation, a very poorly
preserved geosite is graded with 1, whereas a totally conserved one with 5, etc. For each
geosite, the grades regarding the aforementioned values have been averaged, thus giving
each geosite its final and overall grade. According to Skentos [42], the final grade assesses
the geosites as follows: a geosite graded with >3.99 points is of global interest/significance,
one graded between 3.99 to 3.50 points is of national interest/significance and one graded
with less than 3.49 points is of local significance.

Selected geosites from each island have been used for the creation of indicative
georoutes in a way that anyone interested can follow them and enjoy their natural beauty.
All data are imported in the G.I.S. ArcMap 10.4 software, and maps have been created
including the assessed geosites and the designed georoutes. Additionally, satellite images
from Google Earth Pro are auxiliary used for distance estimations.

Table 1. Evaluation criteria for geosite assessment according to Skentos [42].

1 2 3 4 5
Small Moderate Great Moderate Great

Geological History participation at participation at  participation at  participation at  participation at regional

local level local level local level regional level level
Representativeness Not at all Low Medium High Unique
Geodiversity 1 <3 <5 <10 >10
Rarity >20 >10 >5 >2 Unique
Conservation Totally damaged Low Medium High Intact
Education Not at all - Medium - High
History— Existing-Low Minor Moderate Great importance—

Not at all . . . N
Archaeology importance importance importance Geohistoric site
Religion Not at all Ex1st1ng—Low . Minor .Moderate Great 1r.np0r.tan.ce—

importance importance importance Geobhistoric site

Visibility 1 2 3 4 >4
Landscape . . .
Differentiation Not at all Low Medium High Very high
Accessibility Not accessible Low Medium High Very high
Tourist Infrastructure Not at all Low Medium - High
Ecological Value Not at all - Medium - High
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Table 2. Lefkas island geosites assessment, following the evaluation criteria of Table 1.

S
0 - 2 -
E -— % [ E - - [3] ]
= 5 & & & v G 3 = = o 2 = 2 = Z o =
I v a k] I3 5 @ O 2 = @ g = e P = s 3
P g = 2 e E g 5 g Z z g g 2 &
R > >~ g 7 S g = £ o < - 3 g o S ! e
% e © % < = § 3 5 2 & 8 2 g < = g 5
- . S - g 2 5 =2 & e £ 3
< ) < = ~
S
=
Code name L01 L02 L03 L04 L05 Lo6 L07 LO08 L09 L10 L11 L12 L13 L14 L15 L16 L17
X coordinate 20.683 20.703 20.701 20.685 20.687 20.723 20.675 20.627 20.685 20.611 20.572 20.650 20.558 20.550 20.603 20.640 20.656
Y coordinate 38.8435 38.8492  38.8409  38.8267 38.8139  38.8048 38.7968  38.7710  38.7262  38.6767  38.6825  38.6711  38.6375 38.6012  38.6299  38.6462  38.6206
Geological history 3 4 3 3 3 2 4 4 2 2 4 2 3 4 3 3 3
Representativity 2 4 4 3 3 3 4 3 3 2 4 1 3 4 3 3 3
Geodiversity 2 4 2 2 3 1 3 1 2 3 1 3 4 4 3 2 2
Rarity 2 3 3 2 4 4 2 3 4 2 3 2 4 4 2 2 3
Conservation 3 4 4 4 3 4 4 5 5 5 5 4 5 5 4 5 4
Education 1 1 2 1 2 1 2 3 2 2 3 4 4 4 1 3 1
History-Archaeology 2 1 1 2 1 3 3 1 2 1 1 1 1 1 1 1 3
Religion 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Visibility 4 5 5 4 2 5 4 3 4 4 2 4 5 5 5 3 3
Relief differentiation 3 2 1 2 2 1 4 5 4 4 5 2 5 5 3 1 3
Accessibility 3 4 4 3 3 4 3 3 3 3 2 4 3 4 4 3 2
Touristic facilities 1 3 1 2 3 1 3 1 4 2 1 2 5 5 5 1 2
Ecological value 3 3 5 3 4 3 4 2 4 3 2 3 5 5 4 5 3
Total score 2.31 3.00 2.77 2.46 2.62 2.54 3.15 2.69 3.08 2.62 2.62 2.54 3.69 3.92 3.00 2.54 2.54
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Table 3. Kefalonia island geosites assessment, following the evaluation criteria of Table 1.

[72] [ 7]
= % [ 5 ) 2] § é
- v - = 8 jo-]
5 5 2 5 E 3 5 2 - 2 % g S g 5 5 & s
] 5] = ot > 5 @] @] ] = ] £ ~ S = = 2 5 5
s R 3 £ E B T = ® B O < £ = 2 g £ & g
‘g 2 & g S ] < 5 2 e @ k= g S = = g g @M
° £ = - ] = = 5 = ] g ! 3 ] S S < 3 =
= ES g 3 5 = ] g s g & S & ) g = «s 2 .
o= = =] R o -
v = ¢ s ¥ £ g & z e S j 2 2 g
) on I R~
P4 < ~
Code name Ko1 Ko2 Ko3 Ko04 K05 K06 Ko7 Ko8 K09 K10 K11 K12 K13 K14 K15 K16 K17 K18
X coordinate 20.536  20.625  20.623  20.614  20.617  20.623 20.628  20.711 20.732  20.771 20.673  20.587  20.474  20.429 20358  20.356  20.388  20.415
Y coordinate 38.3430 38.3354 38.2570 38.2551 38.2356 38.2365 38.2278 38.1713 38.1544 38.1500 38.1372 38.1671 38.1643 38.2825 38.2146 382187 38.1538  38.1605
Geological history 4 3 5 2 3 3 5 1 4 4 4 4 5 2 4 4 1 3
Representativity 3 3 4 4 3 3 4 3 3 2 4 2 5 4 3 3 3 3
Geodiversity 3 3 5 3 3 3 5 1 3 5 4 5 4 2 3 3 1 3
Rarity 2 2 5 5 3 4 5 2 3 2 4 3 5 4 2 2 4 3
Conservation 5 5 5 5 4 3 5 5 4 5 4 5 5 4 4 4 1 5
Education 4 3 3 3 1 2 3 1 4 2 5 1 3 4 1 1 1 1
History-Archaeology 2 1 4 2 2 3 2 1 1 2 4 2 2 2 1 2 1 2
Religion 1 1 1 1 1 1 1 1 1 2 2 1 1 1 1 1 1 1
Visibility 5 1 4 4 2 2 2 2 3 4 4 4 2 5 4 3 4 5
Relief differentiation 5 2 3 1 5 2 2 1 3 3 5 2 1 2 3 4 1 5
Accessibility 4 1 4 5 3 3 4 2 3 3 4 4 4 4 3 2 4 5
Touristic facilities 5 2 5 4 3 3 5 1 3 2 4 2 5 3 2 5 2 5
Ecological value 4 2 4 4 4 4 4 3 1 4 5 4 4 5 3 4 1 4
Total score 3.62 2.23 4.00 3.31 2.85 2.77 3.62 1.85 2.77 3.08 4.08 3.00 3.54 3.23 2.62 2.92 1.92 3.46
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Table 4. Ithaki and Meganisi islands geosites assessment, following the evaluation criteria of Table 1.

Ithaki Island Meganisi Island
=1
] 1)
2 2 . g 5 g
o = i) > < =) <
> ) © = E‘S - o
S g z ¢ o = -2 2
0 S I 2 ~ k= E C]
g = S 5 i g & Y
S - = £ £ > S =
3 & >, > - " a
= g ] z 5 8 &
< = » = ~
> )
<
Code Name 101 102 103 104 105 106 Mo01 Mo02
X coordinate 20.638 20.677 20.699 20.706 20.753 20.728 20.442 20.621
Y coordinate 38.4392 38.4213 38.3766 38.3601 38.3662 38.3971 38.3918 38.2542
Geological history 3 4 3 4 5 2 2 3
Representativity 2 5 3 4 3 2 3 3
Geodiversity 3 4 2 3 3 1 1 3
Rarity 2 5 3 4 2 3 3 4
Conservation 2 5 5 4 4 5 5 4
Education 1 1 1 1 5 2 1 1
History-Archaeology 4 2 1 5 2 3 1 4
Religion 4 1 1 4 1 2 1 1
Visibility 3 5 1 2 3 3 3 2
Relief differentiation 2 4 2 2 3 3 2 3
Accessibility 3 4 1 4 4 4 2 2
Touristic facilities 3 3 2 4 4 5 1 2
Ecological value 4 2 3 4 4 3 4 3
Total score 2.77 3.46 2.15 3.46 3.31 2.92 2.23 2.69

4. Results and Discussion
4.1. Distribution and Documentation of Geosites

In the present study a total of 43 geosites, namely 17 from Lefkas, 18 from Kefallonia,
5 from Ithaki and 2 from Meganisi have been selected and described for each island
individually. All geosites have been provided with distinct code names, namely L01-L17
for Lefkas, M01-MO02 for Meganisi, K01-K18 for Kefalonia and 101-106 for Ithaki and have
been accordingly GeoReferenced (Figure 4).
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Figure 4. Location of selected geosites (mostly geomorphosites, in cases exhibiting paleontological,
tectonic or mineralogical interest) on all four investigated islands. Note the different coding for each
considered island.

4.1.1. Lefkas Island

Rivers and Waterfalls: Dimosaris river flows through the pelagic limestones of Ionian
unit at the village of Rachi and forms estuaries at Nydri beach (Figures 2 and 4). One
sizable waterfall and at least two smaller ones (L09) are developed along the river flow.
The large one located upstream, forms a river lake ideal for swimming (Figure 5a,b).
Katourlou river (L12) passes through the village of Syvros (Figures 2 and 4), and displays
several riverbed landforms, such as step, riffle and pool sequences (Figure 5c), ending
up to its estuaries in Vasiliki beach. Its springs near the village (Kerasia Springs) form a
waterfall and are located between the Ionian carbonates and younger molassic sediments,
as shown in Figures 2 and 4. It appears to be the ideal place for geoeducation, especially
the understanding the hydrogeological parameters and processes and the formation of
various landforms within riverbeds.
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Figure 5. Selected geosites on Lefkas island, for coding see Figure 4: (a,b) Dimosaris waterfalls
(L09); (c) Katourlou river (L12); (d,e) Lefkas lagoon (L03); (f) Alexander saltpans (L06); (g) estuaries at
Ponti-Vassiliki beach (L15). Photos (a—g) courtesy E. Spyrou.

Gorges: Roupakias gorge (L10) represents a deep V-shaped intramountainous valley
as a result of differential erosion, arguably due to tectonic uplift at the area of the Ionian
thrust [74,88]. With a maximum altitude of 400 m difference from watershed to riverbed, it
displays a notable waterfall. Melissa gorge (L07) is another deep V-shaped valley within
the limestones of the Ionian unit, with altitude difference from watershed to riverbed that
in places exceeds 80 m (as estimated from Google Earth satellite images). In the area, one
can also find watermills and old stone bridges [89].

Lagoons, small lakes and saltpans: Lefkas lagoon (L03) is the largest lagoon of the Ionian
Islands (Figure 5d,e), separated from the Ionian Sea by the narrow sandy Gyra spit (L02),
which is a large sandy barrier landform in the northernmost part of Lefkas (Figure 6a,b),
ranging from the area of Gyra to Aghios loannis (Figures 2 and 4). The sediment of the sand
strip comes mainly from landslides due to earthquakes on the west coast of the island [90,91]
(May et al., 2012a,b), while white and coarse beachrocks can be found at the mean sea-level,
along the strip’s coastline ([91] and own observations). Moreover, palaeo-tsunami deposits
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have been located, probably associated with the 365 A.D. earthquake in Crete [91-93].
The wave activity is intense in the area, but its maximum intensity is usually observed
at the western part, namely in the Aghios loannis area. For this reason, the beachrocks
in Aghios loannis are eroded to a greater extent, exhibiting a glassy texture (Figure 6¢,d).
Maradochori lake (L16) is a small circular lake formed within a doline at Maradochori plain
(Figures 2 and 4). The site is of high ecological value, hosting many species of animals and
hydrophile plants [94]. Alexander saltpans (L06) at Karyotes (Figures 2 and 4), comprises a
location protected from the waves and southerly winds [95], where salt mining began in
the 17th century by the Enetians [61]. The Alexander saltpans stopped functioning in 1988,
being today abandoned, although they have been characterized as a protected industrial
museum and a site of Natura 2000 network (Figure 5f), representing a significant element
of cultural heritage [96].

Figure 6. Selected geosites on Lefkas island, for coding see Figure 4: (a) Gyra spit (L02); (b) beach
rocks at Gyra (L02); (c) beach rocks at Ag. Ioannis (L02); (d) beach rocks at Ag. Ioannis (L02), detail of
the glassy texture; (e) Moutlou/Porto Katsiki beach (L14); (f) Egremnoi beach (L13). Selected geosites on
Meganisi island, for coding see Figure 4. (g,h) Aghios loannis lagoon (M01). Photos (a-h) courtesy
E. Spyrou.

Coastlines: Moutlou/Porto Katsiki (L14) and Egremnoi (L13) are both sandy to gravelly
beaches in front of an almost vertical cliff, consisting of microcrystalline bedded limestones
of the Paxos unit (Figures 2 and 4). They are considered to be amongst the most famous
beaches of Lefkas, as well as amongst its most beautiful ones (Figure 6e). The same as all of
the southwestern part of Lefkas, they are often subject to landslides [97-99], most of which
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occur up to a few months after major earthquakes [66]. These geosites are suitable for
geoeducation, particularly for the understanding tectonic movements, landslide processes
in relation to geology and coastal erosion processes in relation to seismicity. Ponti-Vasiliki
beach (L15) is a sandy beach in front of Ponti and Vasiliki settlements (Figures 2 and 4). It
exhibits six estuaries (Figure 5g), whose streams are characterized by scant, yet existing
flow at the end of the wet season, including the river formed by the confluence of the
Roupakias and Katourlou waterways. This beach is ideal for understanding delta river
formation and subsequent interaction with coastal sediment transport.

Caves: Choirospilia (L17) is a cave near the village of Evgiros (Figures 2 and 4). Accord-
ing to Dorpfeld [62], this is the pigsty of Eumeus, the faithful swineherd of the Homeric
Odysseus. Interestingly, Dorpfeld [62] identifies the adjacent bay of Afteli as the port of
disembarkation of Telemachus, the son of Odysseus, on his return from Pylos. Choirotrypa
or Alabaster cave (L05) is the largest known cave of Lefkas that displays a typical stalactite
decoration [57] and has been used in the past as a stable. During the beginning of the
World War II (1940-1941), many residents found refuge in this cave [100]. Asvotrypa (L04)
represents a cave near Fryni (Figures 2 and 4), and according to mythology and archaeolog-
ical evidence, it was used as a place of worship for the Nymphs [100]. Stavros cave (L01)
near Aghios loannis (Figures 2 and 4), has a typical stalactite decoration and an artificial
entrance, created for ammunition storage during World War II [100].

Tectonic elements: Aghios Nikitas-Athani (L11) and Drymonas (L08) faults represent two
of the main faults of the island, both located in its western part (Figures 2 and 4), with
visible and accessible fault surfaces [101].

4.1.2. Meganisi Island

Lagoons: A coastal swamp in the area of Aghios loannis (M01) is separated from the sea
by a sandy spit (Figure 6g,h), which is vegetated, thus presenting a stabilized piece of land.
The overall geomorphological evolution of the island displays close connection with the
structural and the seismotectonic evolution, also affected by the prevailing lithology and
the sea activity [102].

Caves: Papanikolis cave (M02) is an impressively large coastal cave in Meganisi with
very good decoration [57,103] most probably formed by coastal erosion (Figures 2 and 4).
It was named after the homonymous submarine that found refuge there during World War
1T [103].

4.1.3. Kefalonia Island

Gorges: Poros gorge (K10) has an overall length of 4 km, spreading in a NE-SW direction
near the boundaries of the homonymous settlement (Figures 3 and 4). The corrosive ability
of the water has played a major role in the formation of the gorge within the limestones
of the Ionian unit, as it controlled the geomorphological processes that took place in a
neighboring tectonic graben, leading to its current form [104]. The area is strongly linked
to mythology and archaeology, being described as the location of the ancient port of the
Pronnaians [105] and associated with prehistoric evidence [106].

Small lakes, coastal plains and wetlands: Avythos (Akoli) lake (K08) at the southwestern
part of the island (Figures 3 and 4), has been formed in the Pantokrator limestones of the
Ionian Unit [104]. It was initially believed by the locals that the lake had no bottom, hence
the names “Avythos” and “Akoli”; nevertheless, this karstic lake, located at 355 m altitude,
is constantly filled by the aquifer formed in the underlying limestone beds [107]. Livadi
coastal plain (K14) hosts the most important wetland of Kefalonia (Figure 7a,c), located
in the northern part of the Argostoli Gulf at the edge of Thinia valley (Figures 3 and 4),
with water supply mainly coming from springs located around the swamp. It is a typical
example of a coastal swamp that hosts many rare, or even endangered species. Apart
from the wide variety of reptile fauna, some of the critically endangered species that live
in the wetland are Aquila heliacal and Circus pygargus. According to the hypothesis of
Odysseus Unbound [63], Livadi marsh has the potential of having been a harbor in the



Geosciences 2022, 12, 55

15 of 31

late Myceanean age (around the 12th century BC), at the edge of a marine channel that
could have turned Paliki peninsula to an island separated from the main part of Kefalonia
at the time of Odysseus. Landslips from earthquakes and other major tectonic events, even
tsunami backwash deposits [108,109], are expected to have filled the channel, forming the
present Thinia valley, thus turning the “Paliki island” into the peninsula we see today [110].

Coastlines: Myrtos (K01) is one of the most spectacular beaches of Kefalonia (Figure 8a,b).
It is located in the northern part of the island (Figures 3 and 4), with distinct geomorpho-
logical characteristics of very steep slopes of Paxos unit limestones due to intense uplift
of tectonic origin. The coastal area is particularly vulnerable to the generation of slope
failures induced by earthquakes [111], offering appropriate geoeducation potential for
the understanding of landslide processes. Such example has been provided by the severe
mud-flows after the Ianos Medicane (September 2020) that caused partial destruction of
the downbhill road to Myrtos beach area with the volume of the landslide material being es-
timated at 8664 m?, calculated with quantification methodologies based on high resolution
Digital Surface Models (Figure 8c,d), derived from photogrammetric image data before
and after the event [112]. Xi (K18) beach (Akrotiri bay) is located in the southern part of
Paliki peninsula (Figure 9d,e), with prominent cliffs displaying more than 100 m of blue
clayey postalpine deposits of Early Pleistocene age [86,113]. Its name comes from the top
view, in which it looks like the Greek letter = (pronounced as “ksi”). The mineralogical
composition of the clays is mostly of smectite—illite, which is suitable for cosmetological
and pharmaceutical applications [114]. The blue clayey cliffs contrast impressively with
the maroon color of the sand (Figure 9d), which is a result of the disintegration of the clay
minerals. Platia Ammos beach (K16) in the western coast of the Paliki peninsula is featured
by relatively steep hard-to-erode limestone cliffs. These geomorphological features are
mainly driven by the tectonic regime of the island [115]. The shorelines of Kefalonia are
considered ideal for the study of Tidal Notches (K02). Particularly, at Neochori in Fiskardo
peninsula (Figures 3 and 4), the notches have an average height of 60 cm and an inward
depth of about 20 cm. This type of notch is characterized by larger floor height than the
roof height, which suggests a gradual sea-level rise, followed by a period of stability [116].

Figure 7. Selected geosites on Kefalonia island, for coding see Figure 4: (a,c) Livadi marsh and
coastal plain (K14); the limestone outcropping in the area contains numerous rudist fragments (b);
(d) Melissani cave (K03). Photos (a—c) courtesy E. Spyrou; (d) D. Marketou-Galari.
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Other geomorphological elements: Mount Ainos (K11), located at the SE part of the island
(Figures 3 and 4), is the highest mountain of Kefalonia. It displays a large biodiversity of
endemic plants, including the typical flora of Abies cephalonica and numerous endangered
bird species; thus, it has been declared since 1962 as national park and wildlife refuge.
Moreover, it has been registered in the network of Natura 2000 and EU sites for the
protection of the avifauna. The surficial karstic landforms on Mount Ainos create an
impressive rocky landscape, while the planation surfaces formed by the combined action of
erosion and dissolution reflect the gradual tectonic uplift of the island [73] (Underhill, 1989).
Several planation surfaces are located at different elevations ranging from 100-1300 m [69].
At the NW part of Ainos, the geomorphosite exhibits paleontological interest, displaying
fossiliferous thin- to thick-bedded limestones (Figure 9a—c; Upper Cretaceous, Paxos unit)
with abundant rudist fragments [75,117,118]. This formation of Paxos unit is also present in
Lefkas island [78]. The presence of rudist fragments indicate transportation from a nearby
reef environment and not an in situ association. Rudist fragments are also present in the
carbonate deposits at the vicinity of Livadi coastal plain (Figure 7b,c).

Kounopetra (K17), at the southern edge of Paliki peninsula (Cape Kounopetra; Figures 3
and 4), refers to a perpetually moving rock as a result of the clay composition at its base com-
bined with the ripple of the waves. However, the ground displacement caused by recent
earthquakes stopped the motion of the rock. Paliki marine terraces (K15; Figures 3 and 4)
have been identified in the western part of Paliki peninsula [69,86,115], being very impor-
tant geomorphological sea-level indices [69]. According to Gaki-Papanastasiou et al. [115],
there is a Quaternary sequence of eight marine terraces, whose altitude ranges from 2
m to 440 m (Figure 10a,c). Biostratigraphic investigations based on calcareous nannofos-
sil, indicate that the older terrace can be found in southern Paliki Peninsula, just above
the Gelasian-Calabrian boundary in the Early Pleistocene [84,85]. The younger terrace
of Middle Pleistocene age (nannofossil biozone MNN19f; [86]), is a geomorphosite with
paleontological interest that can be located in Cape Kounopetra and Lixouri areas (Lepeda),
bearing fossiliferous beds (Figure 10b), especially rich in invertebrate macrofaunal. In
particular, 78 species of bivalves (Pectinidae, Cardiidae, Glycymeris spp., Mytilus spp. etc.),
87 species of gastropods, as well as some scaphopods, corals and echinoderms have been
determined in the area [119].

Caves: A series of spectacular caves is formed in the area of Sami within the Paxos unit
limestones. The sinkhole of Melissani (K03) is located about 2 km NW of Sami (Figures 3
and 4), and is characterized by a NNW-SSE main development axis. The cave displays
very good decoration, significant archaeological findings and good accessibility [56,57,120].
The cave’s entrance (15 x 25 m) was formed naturally, due to the collapse of a large part
of the ceiling caused by the seismic activity in the region (Figure 7d). Concerning the
geological interest of the cave, there are indications that it constitutes part of the wider
hydrological karstic network [121] Maurin, while it is also characterized for its prominent
biodiversity. A noteworthy example is the existence of an endangered species of heron in
Greece, Botaurus stellaris [104]. According to archaeological excavations, the cave was used
for worshiping purposes during ancient times (4th-3rd century B.C.) [104]. Aggalaki cave
(K06) is a sinkhole (Figures 3 and 4), whose maximum depth reaches 50 m, located southeast
of Poulata [104,122]. The cave interior is distributed in two chambers with intersecting axes;
Vassilopoulos [104] suggests that both chambers end up in a brackish water lake, with a
permeable network of faults causing the aquifer salination. The cave is relatively big (total
surface category IV; 5001-7000 km?) and bears good speleodecoration [57]. Aghioi Theodoroi
cave (K05), located north of Aggalaki (Figures 3 and 4), is a spectacular sinkhole with
dimensions of 23 x 20 m and maximum depth of 55 m, also hosting a lake with dimensions
of 28 x 13 m [104] (Vassilopoulos, 2003). Drogarati cave (K07) interior is divided in two
parts, which are developed within faulted Paleogene limestones (Figures 3 and 4). The
second part is a two-level chamber with dimensions of 62 x 49 m, as it was measured
after point cloud data processing, which was acquired by Terrestrial Laser Scanner survey
(Figure 11a,b). The latter was combined with a point cloud derived after photogrammetric
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processing of aerial images of the open surface above the cave, captured by an Unmanned
Aerial System and the result was quite impressive, as it is made clear how the chamber
is connected to a collapsed doline (Figure 11a,b). Drogarati is considered one of the most
impressive caves of Kefalonia not only due to its good speleodecoration and sufficient
size [56,57,123] but also due to high level of acoustics acquired in the internal chamber,
suitable for hosting numerous concerts and events [104].
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Figure 8. Selected geosites on Kefalonia island, for coding see Figure 4: (a,b) the spectacular Myrtos
beach (K01); (c,d) the main geomorphic changes at the popular Myrtos beach, can be clearly seen
by comparing the orthoimages before (c) and after (d) the Sept. 2020 Medicane Ianos disaster
(Vassilakis et al., 2021). Photos courtesy (a) D. Marketou-Galari and (b) M.V. Triantaphyllou.
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Figure 9. Selected geosites on Kefalonia island, for coding see Figure 4: (a,b) Upper Cretaceous thin-
to thick-bedded limestones with rudist fragments on Mount Ainos (K11); (c) rudist fragments on
Mount Ainos (K11), detail of the transported and fragmented shells; (d,e) Xi beach (K18) with blue
clayey cliffs and maroon-colored sand. Photos (a—e) courtesy M.V. Triantaphyllou, I. Mikellidou.
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Figure 10. Selected geosites on Kefalonia island, for coding see Figure 4: (a) the Pleistocene Paliki
marine terraces; (c) the youngest of Paliki marine terraces (K15) at Lepeda, with fossiliferous beds
rich in Pectinidae (b). Photos (a—c) courtesy M.V. Triantaphyllou, D. Papanikolaou.

Other karstic elements: The Argostoli ponors (K13) are a typical example of the complex
hydrogeological structure of the island mostly within the Paxos unit limestones (Figures 3
and 4). In 1963, Maurin and Zotl [121] poured a pigment in a ponor, which was detected
after two weeks in the brackish springs of Sami and Melissani cave. They then certified the
existence of an underground karstic network, formed by conduits that connect Argostoli
and Sami, covering a distance of approximately 15 km. The current water supply can
reach up to 0.3 m?/sec, making it feasible to power water mills, whereas it is noteworthy
that, during the past, the high velocity of inflow led to the construction of a hydroelectric
plant [69]. Polje of Valsamata (K12) is the larger karstic landform of the region (Figures 3
and 4), with a total area of 6.4 km?, developed in a NW-SE tectonic graben [69]. The area
is of high hydrogeological interest, since the sinkholes drain the plain, supplying springs
and local aquifers [124]. Karavomylos spring (K04) constitutes a submarine brackish spring
located north of Sami (Figures 3 and 4). The construction of a wall isolates the spring from
the sea, creating an artificial lake (Figure 11c,d). It is of utmost hydrogeological importance,
because of the connection with the Argostoli ponors [104,107].

Tectonic elements: Ionian thrust (K09). The rocks prevailing on Kefalonia island are
mainly limestones and dolomites that belong to the relative autochthon unit of Paxos
(Pre-Apulian), occurring on Paliki peninsula in the west and on the major part of the central
Kefalonia, and the allochthon tectonic nappe of the Ionian unit, occurring along the eastern
part. The stratigraphy of Paxos unit comprises a thick shallow water carbonate platform
with ages from Early Cretaceous to Early Miocene, followed by Middle Miocene clastic
sequences of flysch type, while the Ionian nappe on Kefalonia is composed of the Late
Triassic to Eocene carbonates (Figure 3). Overthrusting of the Ionian nappe took place
during Middle-Late Miocene but compressional deformation continued also in the Late
Miocene-Early Pliocene [55,73]. A small part of the Ionian unit is observed in the SE part
of the island. The Ionian thrust juxtaposes the stratigraphic horizons of both units. It can
be seen along the road that connects Sami and Poros (Figure 4), where carbonate rocks of
the Mesozoic (Ionian unit) are thrusted over the Miocene corroded marls of Paxos unit
(Figure 12a). The tectonic event of the thrust plays an important role in defining the current
geomorphology of the island [125].
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Figure 11. Selected geosites on Kefalonia island, for coding see Figure 4: (a,b) photorealistic represen-
tation of the Drogarati cave position (K07) under the surface, in proportional scale, produced after the
combined point cloud originated from Terrestrial Laser Scanner and Unmanned Aerial System data
processing; (¢,d) Karavomylos spring and the artificial lake (K04). Photos courtesy (a,b) E. Vassilakis,
(c,d) M. V. Triantaphyllou.
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Figure 12. Selected geosites on Kefalonia island, for coding see Figure 4: (a) the Ionian thrust (K09)
along the road that connects Sami and Poros. Selected geosites on Ithaki island, for coding see
Figure 4; (b) the Vigla Shale Member outcrop, Ionian unit sequence, at the area of Vathy (I106). Photos
courtesy (a) M.V. Triantaphyllou, I. Mikellidou, (b) M.V. Triantaphyllou.

4.1.4. Ithaki Island

Caves: Loizos or Polis cave is located in the northern part of Ithaca (I01), in the bay of
Polis (Figures 3 and 4). Archaeological excavations were initiated by D. Loizos in 1868
and 1873, being systematically performed in between 1930-1932, with important findings
consisting of pot fragments, weapons, masks and bronze tripods [126]. The cave was
used for worshipping ancient gods, including Athena, Artemis, Hera, the Nymphs and
even Odysseus [103]. Cave of Nymphs (104) is situated to the west of Vathy settlement
(Figures 3 and 4), and is characterized by both historical and archaeological interest, related
to the worship of the Nymphs, while also linked to the return of Odysseus at the Homeric
Ithaca [127]. The cave bears good speleodecoration and sufficient accessibility [56,57].

Landforms: Monoliths of Anogi (102) are striking erosion products of various shapes,
carved in the Upper Cretaceous limestones of Ionian unit (Figures 3 and 4). Apart from their
geological importance, these landforms are related to the local culture, as they resemble
statues, leading the locals to give them various names, depending on their shape and form.
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Coastlines: Vathy port, located in the Gulf of Molos (I103; Figures 3 and 4), is identified
by many historians as the ancient Forkyna, in which Odysseus arrived after the land of the
Phaeacians. The ria-type slopes have been formed under the influence of the Quaternary
eustatic movements, while the recognized Tidal Notches (103), with an average height of 45
cm and inward depth of about 15 cm, indicate a gradual sea-level rise. A representative site
at the NE entrance of Vathy port (cape Frygano), hosts an almost complete stratigraphic
sequence of the Ionian unit, with the included Vigla Shale Member (Figure 12b) dated as
late Aptian (nannofossil biozone BC21; [128]). A similar exposure is spotted at Sarakiniko
beach, at the SE part of Ithaki island (105).

4.2. Geosite Assessment

All presented geosites, mostly geomorposites, exhibiting paleontological, tectonic or
mineralogical interest, have been assessed according to Skentos [42] evaluation criteria,
graded for each criterium individually. As shown in Tables 2-4 and Figure 13, several
geosites on all four islands are of local significance, with total scores less than 3.5. More
specifically, in Lefkas, only 6 of the 17 assessed geosites are graded with more than three
points; the highest values (>3.5) being attributed to Moutlou and Egremnoi sites.
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Figure 13. Categorization of the assessed geosites according to the evaluation criteria of Skentos [42],
on all four investigated islands. (Data source for the distribution of the economic sectors; Hellenic
Statistical Authority).
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In Meganisi, both of the considered geosites are graded with less than 3 points, while
in Kefalonia, 10 out of the 18 geosites (>50%) are assessed with at least 3 points. Five
of them (28%) exceed 3.5 in total score, with Melissani cave and Mount Ainos scored as
geosites of global interest.

Finally, in Ithaki, 3 out of 5 assessed geosites (60%), namely the cave of Nymphs, Anogi
Monoliths and Sarakiniko beach surpass 3 points in total score.

Overall, the considered Ionian islands display a mid to high geotouristic activity [42].
The socioeconomic features of the Ionian islands’ local economy are revealing a strong
dominance of the tertiary sector (including transport and storage, information and commu-
nication, public sector, administration and services and well-established touristic infras-
tructure; hotels, restaurants etc.) (see Figure 13). In Lefkas—-Meganisi islands, the touristic
activities comprise 16.6% of the tertiary sector, while the same activities display 8.98% in
Kefalonia and Ithaki; data based on the Hellenic Statistical Authority. This feature enhances
significantly the geotouristic potential, particularly towards the development of inter-island
georoutes and thematic geotouristic activities, e.g., “speleo-tourism”.

4.3. Indicative Georoutes

Visiting Lefkas, Meganisi, Kefalonia and Ithaki geosites” unique wealth, consists of
the basis of what we define here as Georoutes; certain feasible geotouristic routes that
can be geographically outlined along the local road and path network verified in Google
Earth Pro, guided and finally followed by the touristic masses that seek more autonomy
through alternative touristic ways. In this line, promoting georoutes as a tool of cultural
and economic growth in the regional level can significantly contribute to the education and
to facilitate access and promotion of scientific culture among citizens, also spreading the
awareness of protection and valorisation of their geological heritage. Thus, the interconnec-
tion of selected geosites should be considered as the basic factor for the implementation of
geotouristic development and geoconservation policies at the involved Ionian islands.

The selected georoutes, presented below (Figures 14-16), are provisional examples of
connecting geosites with specific kind of value. The first one involves a series of geomor-
phosites and points of cultural interest on Kefalonia island, aiming to raise the issue for the
Paliki peninsula actually being a separate island (see Section 4.3.1). The second proposed
georoute points out the potential of inter-island geotourism as the comparative advantage
of the region of Ionian islands, while the third one is thematic, particularly specialized in
connecting caves. Caves are considered as one of the most appreciated geotourism targets
in the world; thus, a “speleo-tourism” approach would provide an advanced inter-island
geotouristic potential in a complex islandic system, such as the quadruplet of Lefkas-
Meganisi-Kefalonia-Ithaki. A “Speleoroute” should focus on the understanding of the karst
system evolution and processes, emphasizing to caves in a manner combining adventure,
science and education. It may also be designed to incorporate other forms of alternative
tourism, including hiking, birdwatching, etc.

4.3.1. Paliki Georoute: Peninsula or Island?

Paliki peninsula offers an excellent georoute option for someone visiting Kefalonia
(Figure 14). Paliki is located on the western side of the island, creating thusly a bay, inside
which reside two towns on either side, Lixouri and Argostoli. There, one may find many
landmarks of great beauty that also hold significance of either geological or cultural interest.
With Lixouri as a starting point, the visitor will pass by the Paliki landscape marked by the
presence of marine terraces that tell the geological history of the last 2 million years for the
Paliki peninsula.

At Xibeach, the effects of coastal erosion in conjunction with the geological background
can be observed, which give this geosite a “wild look” as the red sands “collide” with the
gray clay, offering a unique swimming experience. Moving westwards, a second stop at
Cape Kounopetra enables the discussion about seismic activity and the tectonic structure of
Kefalonia island. After visiting Kipoureon monastery, established in 1759, another perfect
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spot for an astonishing sea view will be Platia Ammos beach. A visit to the Livadi wetland
before returning back to Lixouri provides the chance to discuss the potential evidence
for the Paliki peninsula actually being a separate island at the time of Odysseus, thus
embodying the real Homeric Ithaca.

38"18'N

38"16'N

7. Keria Spring

6. Aghia Thekli—

38"14'N

5. Platia Ammos beach,

. Lixouri

|
4. Kipoureon Monastery

% 2. Xi beach
4 3. Kounopetra

LEGEND

ﬁ Geosites

© Georoute in Kefalonia

20"20€ 20722%
Figure 14. Designed georoute for the Paliki peninsula, Kefalonia island.

4.3.2. Inter-Island Georoutes: Lefkas and Meganisi

The geotouristic exploitation of the western part of Lefkas can be linked to the geosites
of Meganisi within an inter-island georoute (Figure 15). Starting with Lefkas lagoon, the
largest lagoon of the Ionian Islands, separated from the Ionian Sea by the narrow sandy
Gyra spit, the visitor moving to the south can reach the Alexander saltpans in order to
admire the natural landscape and the preindustrial scenery of the area. The next stop
will be further to the southwest at Dimosaris waterfalls, a site that brings the visitor to a
breathtaking mountainous setting.
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The georoute then turns to a fully marine mode, leading the visitor to the Aghios
Ioannis lagoon in Meganisi and last but not least to the impressively large coastal cave
Papanikolis, with a size capable to host even the homonymous submarine during World
War IL

- E
Ao 3. Gyra Spit\ s
2. Lefkas Lagoon \3{( /

& 1. Lefkas
Ale

4. Alexander S\:a_lltpans

e

LEGEND

* Geosite

Georoute in Meganisi and Lefkas

9. Spartochori

70'!11'1'
Figure 15. Lefkas and Meganisi inter-island georoute.

4.3.3. Inter-Island Georoutes: Kefalonia-Ithaki “Speleoroute”

The carbonate lithology and the intense karstic phenomena on all four investigated
islands turns them to ideal destinations for cave tourism. A typical speleotouristic example
is the karst system of Kefalonia, which results in a spectacular cave network, formed by
processes that reveal the complex hydrogeological structure of the island.

All caves and karstic phaenomena selected for this georoute combine incomparable
beauty, scientific interest and convenient access (Figure 16). The starting point is Melissani
cave, a geosite of global interest at the area of Sami. Apart from its geological importance
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as an element belonging to an impressive underground network, which connects the Ar-
gostoli ponors to the Karavomylos spring, covering a distance of approximately 15 km,
the Melissani cave also displays a large biodiversity and archaeological significance. The
second stop takes place a few kilometers to the south, in Drogarati cave. The numerous
speleothems that form the interior decoration of the cave offer many breathtaking sights
to the visitor. The photorealistic representation of the Drogarati cave position under the
surface, in proportional scale, produced after the combined point cloud originated from
Terrestrial Laser Scanner and Unmanned Aerial System data processing (Figure 8c,d), pro-
vides an excellent basis for the development of a virtual inter-island thematic “Speleopark”.
In the same area, Aggalaki and Ag. Theodoroi caves represent stunning sinkholes, with
internal brackish lakes.

20°35'E

6. Loizos

3. Drogarati Cave

LEGEND

* Geosite

Georoute in Ithaki

20°35T

Figure 16. Kefalonia and Ithaki inter-island “Speleoroute”.



Geosciences 2022, 12, 55 27 of 31

The georoute continues in Ithaki, where visitors head to Vathy, a settlement located
in a picturesque landscape, with a fantastic view of fjord-type slopes in the Gulf of Molos.
The cave of Nymphs, right outside Vathy, will be the next stop, with significant historical
and archaeological interest. A wide variety of karstic landforms can be observed in the
area of the Monoliths of Anogi, making it ideal for the understanding of rock-weathering
processes and impacts. Located a few kilometers to the north, Loizos cave, with substantial
archaeological findings, represents the final stop of the “Speleoroute”, before returning
to Sami.

5. Conclusions

Through this research, we selected a total of 43 geosites (17 from Lefkas, 18 from
Kefalonia, 6 from Ithaki and 2 from Meganisi). They were mapped and assessed following
the criteria proposed by Skentos [42]. According to our findings, all four islands are
characterized by a medium-to-high geotouristic potential, at least as far as the selected
geosites are concerned. This means that they contain many sites of geological interest, in
combination with other values, thus they were found worthy of promoting, as well as
preserving. One of the primary goals of this study was to promote these islands as potential
geotouristic destinations; thus, three different indicative georoutes were proposed, for
either geologist or non-geologist future visitors.
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