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Abstract: The purpose of this review is, initially, to emphasize the importance of geoenvironmental
education for the promotion and preservation of geological heritage and geoethical values, and
based on these, to present the current situation in Greece. Geoeducation is a broader component of
environmental education which aims to promote the geological heritage of a place and its geocon-
servation. It is a key integral tool for tackling environmental issues and therefore further assisting
in sustainable development. Greece is known for its exceptional and rare natural beauty, as well
as for the abundance of natural resources and its remarkable geological features. For this reason,
six global geoparks have already been established in this country. However, its nature protection is
mainly considered as the protection of biodiversity, while the term “geodiversity” is almost absent
in Greek law. The importance of establishing a legal framework for the protection of geotopes
is underlined by the fact that their promotion and rational management create opportunities for
sustainable development, as well as to become quality tourist destinations (geotourism) through
nature protection and education. Geodiversity can gain public attention and have a positive impact
on geotopes protection. Such initiatives can not only improve the protection of geological sites, but
also play an important role in their sustainable development.
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1. Introduction

In the last few decades and under the UNESCO (United Nations Educational Scientific
and Cultural Organization) initiative, there has been an increasing attempt to establish
environmental education and its framework in various ways. More precisely, a meeting in
Belgrade (Serbia) in 1976, under the auspices of UNESCO, formalized a set of documents
known as Charter of Statutes of Belgrade [1], explicitly mentions the need for a significant
change in human attitudes by taking more effective action for the global environmental
issue through universal effort at school units. As a result of this effort, a strategy has been
established that will allow some organizations and individuals to present more systematic
content on environmental challenges and how to address them. In this way, a more
harmonious balance between environment and human activity could be reached. This
has resulted in several environmental programs in schools, with the goal of rationalizing
future citizens to assist them in adopting a more positive attitude toward the needs of our
planet and our society, after having received appropriate and necessary knowledge of such
matters in advance.

It is worth mentioning that UNESCO never gave up on the idea and initiative of the
environmental education; in fact, in 1977 [2], in the context of the International Confer-
ence in Thilisi (Georgia), the participants agreed that environmental education should be
treated as a distinct scientific field of paramount importance that should be integrated into
educational programs rather than being treated as an afterthought.
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Along with environmental education, an international effort was launched to establish
and protect the geological heritage. In 1972, the Convention on the Protection of the World
Cultural and Natural Heritage took place in Paris (France), and some years later, in 1991,
the International Declaration on the Rights of the Memory of the Earth took place in Digne
(France) [3]. Through these conferences and their declarations, a European initiative for the
protection of geoheritage and geoconservation was launched, with the goal of protecting
exceptional geological areas that reflect the evolution of biotic and abiotic factors. In 2000,
the European Geoparks Network (EGN) was founded to promote a more systematic and
collective process of development and, of course, to ensure geodiversity [4]. Following this,
in 2004, the Global Geoparks Network was established, which, along with the EGN, aims
to promote the concept of geological heritage in the scientific community and the public, as
well as to promote sustainable development in areas that host the geoparks [5].

Despite these initiatives to promote and protect the geological heritage, environmental
education does not deepen directly into issues related to geoethics, geodiversity, and geo-
heritage. There is a reasonable need to promote geoeducation, which will deal exclusively
with the above concepts and will be the primary tool for the first transmission of knowledge
and highlighting the importance of places of intense geological interest, which, in turn,
will offer the opportunity of geotourism services [6]. Specifically, geotourism encourages
various forms of geoeducation in order to organize geosites to be open for the public and
offering educational and recreational activities [7,8].

Finally, the need for a more rational assessment of the geoenvironmental status of
our planet, as well as the need for more effective management of issues connected to
geoenvironmental conservation, led to the development of a new field of geosciences:
Geoethics. The first function of geoethics is to improve the social profile and role of geo-
science. Moreover, it contributes to forwarding the sustainable use of natural sources with
harmonious operation between human activity and environment. Consequently, this field
can accelerate strategies and methods that will respect geoheritage and its prospective [9].

The purpose of this review is, first, to highlight the concepts of geological heritage and
geoconservation and the importance of geoeducation for the proper promotion and utiliza-
tion of geological heritage for the benefit of the common good. The terms “geotourism”
and “geoethics”, as well as their interconnectedness, emerge from this review. Particular
empbhasis is placed on the situation prevailing in Greece regarding the protection and use
of geological heritage, geoeducation, and most importantly, the current legal framework.

2. Literature Overview
2.1. Geoheritage and Geoconservation

“Geoheritage” is a new term that assumes complete perception of Man for nature and
the environment [10]. As stated by Carcavilla et al. [11] “Geological-geomorphological
heritage is the collection of geotopes, deposits, forms, and processes that comprise the geo-
logical history of each region, and the concept of preserving geological-geomorphological
heritage is a cultural concept”.

Geoheritage aims to highlight the diversity of our planet to illustrate the importance
of the biotic and abiotic factors, which document the historical evolution of the Earth [12].
Furthermore, geoheritage focuses on the important geological elements, such as rocks,
minerals, and fossils that interpret the effects of past and present actions, which have
shaped landforms and other geomorphological structures [13]. The value of geological
heritage is further underlined in report from UNESCO [14], according to which geological
heritage is characterized as the whole of the most interesting geological sites (geotopes,
geoparks, and geological natural monuments) that deserve to be preserved for scientific,
didactic, historical, aesthetic, and cultural reasons. There is also a reference in the European
Manifesto on Earth Heritage and Geodiversity [15] that argues that the heritage of Earth
interconnects the Earth, its people, and their culture; that is, it forms the cornerstone and
foundation of our society.
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The link between geological heritage and geodiversity, on the other hand, is quite com-
plicated and encompasses all the elements that contribute to the creation and development
of the Earth [16] (Figure 1). Geodiversity is a crucial component of the Earth system and is
described as the variability of abiotic nature or the abiotic diversity of the surface of the
Earth. Geodiversity, along with biodiversity, constitutes the natural diversity of our planet.

Geoconservation is a relatively new scientific field that has emerged in recent decades
due to the growing importance of conservation and sustainable use of environmental
resources [17].

The concept of “geoconservation” can be defined as an activity or group of actions
that contribute to the conservation, rational management, and protection of geological
structures that present geodiversity and hence have scientific and educational value [18].
The term “geoconservation” first appeared in the 1990s e.g., [18]: more specifically, Seme-
niuk [19] and Semeniuk and Semeniuk [20] reported that geoconservation is concerned
with the conservation and preservation of the features of Earth for educational, scientific,
and hereditary purposes. Etymologically, this term combines conservation specifically with
geological features and parameters. The goal of geoconservation is to identify, protect, and
manage valuable parts of geodiversity. According to the international literature, geocon-
servation is a broad field that deals with concerns such as environmental management,
geological hazards (geohazards), and sustainable development [21]. Thus, it becomes clear
that geoconservation is initially part of geodiversity along with biodiversity, which together
constitute the two major environmental components. There is also the preservation of the
geoheritage that highlights the geological history of the Earth.

Natural diversity

abiotic elements I biotic elements
| |

Geodiversity ‘ Biodiversity

scientific, academic and touristic values 1 other values '
Geosites & Geoparks . Geocheritage ‘ ‘ Geo&lvelsllv ‘ Geodiversity

elements elements elements
Geoheritage

\ Geoconservation

Figure 1. Conceptual framework of geodiversity, geological heritage, and geoconservation. Modified from [22].

The first steps for the implementation and dissemination of geoheritage and geocon-
servation are drawn from historical data: a typical example took place at the beginning
of the 19th century, when over-exploitation in the quarry in the Salisbury area of Edin-
burgh, Scotland, had a huge negative impact on the geomorphology of the adjacent city,
resulting in a decision in 1819 with legal coverage to protect the characteristic rock and to
avoid further deterioration of the area [23]. Later, Germany established, in 1836, the first
geological natural monument in the world in the Siebengebirge area, located southeast
of the city of Bonn: there were several quarries in this area where the mineral wealth
exploitation over a long period of time ended unpleasantly. The initiative was taken by
the then Prussian government to protect the region. In 1872 in USA, the Yellowstone
National Park was founded due to its scenic beauty and the many geological formations
and phenomena observed in it [24]. As early as the 1870s in Switzerland, Fritz Muhlberg
started a campaign mainly for the protection of erratic stones (massive irregular masses)
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that were systematically exploited [25]. In fact, at the same time, a committee is set up
in Scotland to propose measures for the protection and preservation of these stones [26].
Finally, it is worth mentioning that, according to the data at hand, Tanzania is considered
the leader in the battle for land conservation [18], where an intense effort is in place to
protect geological areas such as Ngorongoro lengai in Tanzania, where an active volcano is
also located, and to protect fauna and wildlife.

2.2. The Need for More Systematic Use of Geoeducation and Its Awareness

The traditional educational system cannot highlight the importance and components
of geological heritage. As a result, it is vital to make geoeducation more widely available,
as well as to integrate it into special curricula programs at various school levels. In this
way, there will be a major opportunity for future citizens to be informed about issues
that raise geological and cultural interest. It is worth noting here that the European and
Global Geopark networks allow the full development of geoeducation, as there is an on-site
opportunity for both the public and the scientific community to be informed through
educational and cultural activities [27,28]. In addition, the diverse geotopes of geoparks,
geosites, and geotrails are valuable tools that may be used by professional geoguides to
educate visitors about their importance and impact on the ecosystem.

According to the planning and the agenda of UNESCO [29], education and sustain-
able development are key objectives for the World Geoparks. Rational information and
geoeducation regarding sustainable development can deposit a wide range of uses through
geoparks, where the geological and cultural heritage is accentuated. As a result, the imme-
diate goal of a geopark is to assist students who visit them in gaining a better understanding
of sustainability and its positive prospects, with the goal of achieving better life conditions
for future generations.

Thus, it becomes even clearer that geoeducation constitutes the main tool for trans-
mitting knowledge and, at the same time, emphasizing the importance of geoheritage and
geoconservation. Specifically, geoeducation can address the following points: knowledge
and awareness of the value of geological monuments; direct experience and understanding
of the historical evolution of the planet, and thus the importance of geoheritage reflected
in the rocks; and the establishment of natural history museums for the promotion and
more systematic identification of areas of intense geological interest and awareness and
perception of the geoethical dimension of important geological sites. Furthermore, the
aforementioned points, along with the presence of geotopes and geoparks, are appropriate
elements for in situ geoeducation both locally and regionally or even internationally. The
harmonious coexistence of people with their environment presupposes a thorough under-
standing of the fundamental of geological processes active in the formation of the planet.
This knowledge ensures an attitude for the protection of the environment and strengthens
the view of citizens on issues of protection of natural and geological monuments.

It should also be mentioned that the natural history museums that are part of a geop-
ark can widely contribute, with educational activities, special learning programs, outdoor
exercises, seminars for teachers and students, organization of conferences and lectures,
elaboration and support of research or school programs, cooperation with environmental
education centers, creation of interactive educational material, cooperation with global en-
vironmental management institutes, and finally, cooperation with universities. In addition,
the dissemination of geoeducation can be done in various ways, such as with a series of
guided geotrails, knowledge transfer through educational activities organized by qualified
teaching staff of each geopark and addressed to schools, and departments of universities
and research institutes. In this way, geoeducation can be promoted.

Following that, the transmission and preservation of geoheritage and related con-
cepts can be combined with strategic applications and means that could contribute to the
development of the local community.
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2.3. The Positive Impact of Geotourism

Geotourism is a relatively new and ever-changing phenomenon. As a result, it is
natural that different approaches exist, owing primarily to the geological peculiarities of
the areas involved. This means, among other things, that no universally accepted definition
of geotourism exists. This could be considered a type of alternative tourism that combines
tourism and geology. On the one hand, tourism is a recreational activity based on subjective
and aesthetic criteria. Geology, on the other hand, is a science that employs objective criteria.
As a result, tourism and geology are two very different disciplines that can coexist and
form geotourism, a new emerging type of “environmentally innovative” tourism.

Geotourism is a relatively new form of alternative tourism with significant European
and global development potential. It first appeared at the beginning of the 21st century,
especially with the appearance and institutionalization of geoparks, which are areas with
important geological heritage and rich natural and cultural environments, which, through
nature protection and education, contribute to the development of responsible tourism,
strengthening the local economy and sustainable development [30].

To date, many interpretations of the concept of geotourism have been provided.
Thus, geotourism is a subset of ecotourism that occurs in areas with significant geological
monuments [31,32] and “prioritizes the interactive experience through contact with the
geoenvironment and the cultural elements that form the unique identity of each place”. In
other words, it focuses on the characteristics of the environment of an area with emphasis
on landscape and geoenvironment, which includes not only geological elements but also all
other elements of cultural and natural heritage, which are closely linked and interdependent
with the respective geological environment of a place [33,34].

A key component for the development of geotourism is the understanding of the
identity or character of an area. To achieve this, geotourism is based on the idea that
the environment consists of abiotic, biotic, and cultural elements (Figure 2). This “ABC”
approach of Dowling [35] includes the abiotic elements of geology and climate, the biotic
elements of animals (fauna) and plants (flora), and the cultural or human components
of the past and present. Geotourism argues that, to fully understand and appreciate the
environment, we must first know the abiotic elements of geology and climate, as these
determine the biotic elements of the animals and plants that live there.

Cultural

landscapes

Figure 2. The ABC Approach of Dowling [35].

Consequently, the combination of the abiotic and biotic components of the environ-
ment determines the cultural landscape and how people lived in the area in the past, as
well as how they live there today.

Furthermore, modern geotourism is distinguished by three major components known
as the 3Gs: geointerpretation, geodiversity, and geohistory [8].

For the development of geotourism, there must be systematic steps towards the geo-
conservation of important landscapes and the rational utilization of geotopes and geoparks,
so that they together become important destinations of tourist interest. It is worth mention-
ing that geotourism constitutes a new field of applied geology called tourism geology, under
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the broader field of geoconservation. In other terms, geotourism deals with the application
of geological knowledge to promote ecotourism activities through a systematic research
and geological characterization of new and existing tourist destinations. The tourism
packages that result from these efforts are called geotourism activities [36]. Moreover,
Hose [8] defines geotourism as the provision of opportunities that allow tourists to acquire
specific knowledge and understanding of the geology, geotopes, and geodiversity of an
area, beyond the level of simple aesthetic appreciation [37]. In this formulation, it should be
emphasized that the concept of geotourism is based on the principles of sustainability, the
protection of tourism services offered, the development of ecological awareness of visitors,
the understanding and respect of local cultural elements, and finally, aims at a quality offer
of knowledge and recreational activities and not in reckless quantitative issues. For the
above reasons, geotourism is one alternative form of tourism with constructive outcomes.

In conclusion, geotourism and its consequences can promote local sustainable de-
velopment, but must be in line with certain principles that respect the environment and
geoheritage. For this reason, there is a holistic approach by the scientific community so
that the activities developed with geotourism have some specific characteristics. Firstly, it
must provide an integrated management approach that considers the constraints of the
carrying capacity of the geological, natural, social, and cultural reserve of the environment
to entertain visitors. Further, there must also be a strategy of rational management of
natural resources to reduce any kind of waste from such activities. In addition, geotourism
should create new development opportunities suitable for the environment and the local
character of the area, to create new jobs positions. In this way can geotourism contribute
to the local economy by promoting local employment, using local products or skills, and
creating new added value. Moreover, geotourism products or facilities should aim to
provide education, especially for the benefit of young people and students, to encourage
people to understand and learn more about geology and the environment in general using
modern means. Thereafter, recreational activities can also be developed using electronic
applications to better understand geological concepts, as well as predetermined walking
routes or climbing, in such a way as to live unique experiences. To summarize, geotourism
promotion actions will enhance respect for traditions and customs of the region and empha-
size authentic values in raising awareness of geodiversity and environmental protection to
visitors [38].

2.4. Geoethics

Geoethics is an emerging field that examines many aspects of the interactions of
geoscientists with society and the environment. It addresses the moral, social, and cul-
tural implications of geoscience research and practice in collaboration with Sociology and
Philosophy, providing an opportunity for geologists to recognize their social role and
responsibilities in the course of their work. According to Peppoloni and Di Capua [39]
“Geological culture and geoethics can strengthen the bonds between people and their land,
between their places of origin and their own memories” by recognizing the value of the
geological heritage of a region. Education can also convey messages to people about envi-
ronmental issues and the sustainable use of natural resources, such as the consequences of
geological heritage destruction [40]. Geoethics is thus a tool for raising public awareness
of issues concerning geopolitical resources and the geoenvironment. An ethical approach
must emphasize the importance of nature as a sensual, contemplative, spiritual, religious,
and aesthetic experience that is passed down to future generations, rather than just the
economic viability of natural resources [41-43].

The claim that nature has an intrinsic value that should be protected is often based on
spiritual or metaphysical beliefs, but it also stems from human moral considerations and
responsibilities to the natural world, as well as the preservation of natural diversity and
cultural heritage [44—-46].

In the expanding field of geoethics, geotourism plays a cultural role. According to
Peppoloni and Di Capua [39], geoethics promotes geoeducation through the development
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of tourism and UNESCO World Geoparks, with the goal of raising awareness, values, and
responsibility for geological heritage, particularly among young people.

Consequently, it is understood that this new scientific field constitutes the forerunner
for the most effective sustainability and its components (environment, economy, society).
Therefore, due to the necessity created by the massive and systematic use of planet Earth,
this new field focuses on the need for a more specialized knowledge of sustainability with
the ultimate goal of disseminating knowledge through academia to society (Figure 3) [9].

Geoconservation j r
J L

Geoheritage

Ecotourism - Geotourism

Geoeducation Geoethics

Sustainable Development

I Genearksi Geosiiesi GED‘tDEESi Museums I

Figure 3. Interconnection and components of rational use between geoconservation and geoheritage.

Geoethics is primarily concerned with the most critical and pressing environmental
issues, such as the greenhouse effect, climate change, pollution, and waste management
problems. It also aims to promote critical thinking about the use of the natural resources of
the earth, the development of environmentally friendly technological methods, and the
dissemination of knowledge and information about natural hazards [39]. The incorporation
of geoethics into geotourism activities can raise the necessary awareness of sustainability,
so that people in a local community perceive the rational use of resources and not take
advantage of them. Accordingly, it is fully understood that human society must, in every
action, respect the concepts of geodiversity and biodiversity and operate with respect,
without negatively affecting any form of mapping of locations and formations that testify
to the geohistorical evolution of the Earth and the monuments of geoheritage. Thus, the
local community will be able to continue an activity, which will be based on the principles of
geoethics and hence future citizens will be able to reap the benefits of the above actions [46]
without negative influences or results.

3. The Geological Heritage of GREECE and Its Peculiarities
3.1. The Geological Setting of Greece

The Late Cenozoic evolution of Greece has been controlled by the northward sub-
duction of the African plate beneath the Aegean lithosphere [47-50] (Figure 4). As the
African plate moves northwards, strike slip displacements along the Dead Sea fault zone
causes compression between the Arabian and the Eurasian plates [51]. This process results
in a crustal thickening of East Turkey. As a result, the Aegean and Anatolia plates are
being pushed westwards, causing the extension of the Aegean region towards the eastern
Mediterranean (gravitational spreading, Figure 5).

The gravitational spreading of the Aegean region towards the eastern Mediterranean
is evidenced by the presence of a dense pattern of normal faults (Upper Miocene) and horst
and graben structures [48,50,52,53]. Due to the extensional faulting, the crustal thickness
of the Aegean plate is reduced, reflecting crustal attenuation [54,55]. For instance, the
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thickness of the Aegean crust in the Cretan Sea is not more than 20 km, which means that
the crustal stretching must have been considerable there. According to Makris [53,54],
the crustal thickness of the Aegean region is not constant, expressing the variability of
the amount of stretching of the Aegean crust. The same author believes that this fact
is due to spatial variations in the mode of tectonics in the Aegean plate. Indeed, apart
from normal faulting, the Aegean region was also affected by rotational deformation since
the Middle Tertiary. Angeller et al. [56] described a 28° rotation of the Aegean area with
respect to Eurasia, around a pole situated in the southern Adriatic Sea. This rotation
caused the progressive extension of an inner landmass and the continuous readjustment
to this extension of the Hellenic Trench [57]. Since the Mio—Pliocene boundary (5 Ma),
another clockwise rotation of 26° occurred in the western and northwestern Greece [58,59].
Palaeomagnetic studies show that this rotation did not affect the southern and southeastern
part of the Hellenic Arc (Crete and Rhodes), so that a structural discontinuity between the
western and the eastern part of the Hellenic Arc must be assumed [60]. Because of this
discontinuity, the western segment of the Hellenic Arc was marked by a compressional
phase since the Mio-Pliocene boundary, which may be related to the continental collision
of the Aegean domain with the Apulian continental margin (found west of the Ionian
Sea) [61,62], whereas the southern segment remained under extensional conditions, except
for short intervals of compression [63].

q9° = Strike-Slin
A4 Cellision Zong

— Noimal

Aa Thrust

= Piate motion

20° 24 28° 32 36° 40° 44°

Boundaries of Graek area .

Figure 4. Sketch map depicting the geodynamic setting of Greece ([64], modified by us).

Although the Aegean region is characterized by extensional tectonics, resulting in a
steady subsidence, the Hellenic Arc has an elevated position relative to the Cretan Sea in the
north (Figure 5). Angelier and Le Pichon [64], Angelier [65], Le Pichon and Angelier [66],
and Angelier et al. [56] attributed this uplift of the Hellenic Arc to a mechanism of crustal
underplating, at least since the Middle Miocene. This would mean that sediments were
removed from the subducting plate (African) to form the new basement of the Hellenic
Arc [67].
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Figure 5. Schematic reconstruction of the northward dipping Hellenic Subduction system (after [68], modified).

3.2. The Geological Heritage of Greece

For the geological scientific community, Greece is a geological museum and a natural
laboratory, where the course of the subduction of the African plate beneath the Eurasian
can be studied [46]. Furthermore, the intense geotectonic processes in Greece, together
with its archaeological and cultural wealth, make it a location deserving of preservation
and promotion.

Greece has a range of geoforms and formations worthy of protection for world science
and research, (e.g., [46]). This is owing to its location within the convergence zone between
two tectonic plates (African and Aegean microplates). As a result, Greece is well-known
among geologists around the world as a “natural geological laboratory” that provides
valuable information about global geodynamic processes due to its intense earthquake
activity, volcanoes, diverse sediment processes, and littoral dynamics, among other things.
At the same time, Greece is a great geomuseum, housing “moments” of the dynamic
evolution of Earth, from the Proterozoic to the present. These “moments” are represented
by geosites and geomorphosites, which are “portions of the geosphere that exhibit a
particular importance for the understanding of Earth history”, [69,70]. These geosites or
geotopes are scientifically, aesthetically, culturally, and ecologically significant (Figure 6).
However, ignorance frequently destroys these geosites in an irreversible manner. The
Meteora, the Olympus Mountain, the Samaria Gorge in Crete, the ancient Lavrion mines
in the Sounion National Park, the Petrified Forest of Lesvos, the Vicos and Aoos Gorges
in Epirus, the Diros Caves in Peloponnesus, the Santorini Volcanic Caldera, the Prespes
Lakes in West Macedonia, and the Falakron Mountain—Aggitis Karstic System in East
Macedonia are some of the most significant geosites, which constitute well-known, legally
protected and developed tourist attractions with thousands of visitors each year [5,46].
Moreover, Greece hosts six of the global geoparks of UNESCO: the Petrified Forest on the
island of Lesvos, the Vikos-Aoos National Park in Epirus, the Chelmos-Vouraikos National
Park in the Peloponnese, the Psiloritis National Park on Crete, the Sitia Nature Park on
Crete, and the Grevena—Kozani Geopark.
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Figure 6. Selection of some representative geotopes of Greece. (a) Meteora geomorphes; (b,c) Limnos
island, lavas in Fakos area; (d) Limnos island, weathered Oligocene sandstones; (e) Milos island,
pumiceous pyroclastics; (f) spherical granites in Tinos island; (g) Naxos island, Migmatinte and
Kinidatos marbles (personal photo archive P. Voudouris, H. Drinia).

The UNESCO Global Geopark of Lesvos Island (since 2004), formerly known as the
Lesvos Petrified Forest Geopark, is a founding member of the Geoparks Network. It
hosts an ancient forest that was preserved by a massive volcanic eruption that occurred
20 million years ago. Furthermore, in the Lesvos Island UNESCO Global Geopark area,
there are discoveries of the oldest known land mammal (Prodeinotherium bavaricum) 19 mil-
lion years ago in Greece; impressive fossils of animals that lived on Lesvos 2 million years
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ago; numerous volcanic sites and thermal springs, witnesses of intense volcanic activity
(21.5-16.2 million years ago); and faults and landscapes created by tectonic activity [71].

The Psiloritis UNESCO Global Geopark (since 2004), is located on the Greek island of
Crete, covering an area of approximately 1200 km?. It encompasses the entire central region
of the island, including the entire area of Mountain Idi (Psiloritis), Crete’s highest point,
reaching a height of 2456 m. The Geopark is distinguished by its exceptional geodiversity.
This is reflected in a wide range of volcanic, sedimentary, and metamorphic rocks dating
from the Permian to the Pleistocene (300 to 1 million years ago), as well as spectacular
folds and faults, fascinating caves, and deep gorges with a diverse biodiversity. These are
exposed in a number of excellent outcrops and cross-sections that provide insight into the
mountain-building processes of Earth [72].

The Vikos—Aoos UNESCO Global Geopark is located in Ioannina, Epirus, in north-
western Greece. It is located in the northwest corner of the Pindus Mountain Range and is
distinguished by high rugged relief and an impressive landscape. It includes Mt. Smolikas
(2637 m asl), Greece’s second highest peak, Mt. Tymfi (2497 m asl), and the two spectacular
gorges of Vikos and Aoos. The Vikos—Aoos UNESCO Global Geopark is composed of
deep sea sedimentary rocks that were folded and faulted by the powerful compressive
movements that prevailed in the Greek area 20 million years ago as a result of the collision
of African and Eurasian plates. An ophiolitic complex is part of the UNESCO Global
Geopark [73].

The Chelmos—Vouraikos UNESCO Global Geopark (since 2009), is located in North
Peloponnese, Greece, approximately 200 km from Athens. Chelmos Mountain evolved
many distinct forms over millions of years due to the action of water and other natural
factors, such as the impressive Vouraikos gorge, the beautiful Cave of the Lakes, the cold
springs of Aroanios river, the mythical waters of Styx, and the Tsivlos and Doxa lakes.
Lakes can be found not only on the surface, but also underground, and the Cave of the
Lakes can be discovered by visiting three of its thirteen underground lakes [74].

The Sitia UNESCO Global Geopark is located on the easternmost edge of Crete and
is characterized by numerous Pleistocene mammal fossil sites, the discovery of three
Deinotherium giganteum fossils, the extensive cave systems, and the paleo-shorelines. The
abundant karstic structures on the limestone environment constitute the most profound
geological feature. To date, more than 170 caves and numerous gorges have been discovered
in the surrounding area [75].

The Grevena-Kozani UNESCO Global Geopark (since 2021) is one of the global
geoheritage sites related to the birth of plate tectonic theory, as well as the expression of
this tectonic legacy as the source of exceptional landforms and unique ecological systems.
The region contains the oldest rocks discovered in Greece to date, as well as sites that reveal
the geologic history and rifting processes surrounding the “birth” of the Tethyan Ocean
and Europe as an independent continental mass [76].

3.3. Institutional Framework—Legislation

Greece has been identifying natural areas and placing them under special protection
since 1937. Natural areas are designated as protected areas via existing national legislation,
international conventions, or international or European efforts. Furthermore, the sites of
the Natura 2000 network are important locations for the conservation of natural habitats
and wildlife and plants. In many cases, the same area is frequently listed at the national,
European, and international levels. In terms of national legislation, the declaration of
protected areas in various categories of protection was based primarily on Forest Law up to
1986. Law No. 996/1971 establishes National Woodland Parks, Aesthetic Forests, Natural
Monuments and Landmarks. Law No. 177/75, as revised by Law N. 2637 /1998, establishes
wildlife refuges, controlled hunting areas, and game breeding stations. The Environmental
Protection Law was afterwards enacted. Following the IUCN standards, Law N. 1650/86
established five distinct categories of protected areas:
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Absolute Nature Reserve Area.

Nature reserve Area.

National Park.

Protected significant natural formation and protected landscape.
Ecodevelopment Area

Until 1986, some geotopes were protected by forest and archaeological legislation. The
geological heritage of Greece is not officially protected, despite the fact that it is well-known
and documented. Greece has adopted all relevant international conventions, and the insti-
tutional system in place ensures that even individual geotopes surrounded by incompatible
practices of the gentle and sustainable development model can be preserved and enhanced
(i.e., urban environment, industrial park, etc.). The new Biodiversity Law 3937/2011 has
significantly strengthened the protective system established by Law 1650/86 for the cat-
egory “natural formations-landscapes- components of landscapes”. This law expressly
protects functional portions of nature or human creations that are scientifically, ecologically,
geologically, geomorphologically, or aesthetically significant, and so contributes to the
conservation of natural processes and the protection of natural resources.

Despite the efforts of the scientific community, no national geosite inventory exists.
The first systematic registration of geological monuments was carried out in 1982 by the
Institute of Geology and Mineral Exploration (IGME) of Greece on behalf of the Ministry of
Culture. This, however, focused on the monumental character of the selected geomorphs.
A broader effort was made as part of the GEOSITES program of UNESCO, which aimed to
create a global list of geosites. The Greek Geosites project was developed by the Institute
of Geological and Mineral Research (IGME), which participated in the ProGEO Executive
Secretariat as coordinator of the South East Europe Working Group [70]. In 1995, IGME
attempted to develop a working group for the protection of the geological heritage of
Greece, which was later expanded with the participation of scientists from universities and
other institutions. Over time, IGME has made a significant contribution to the protection
of national Geo heritage (Geotopes—Geopaths-Geoparks) having prepared comprehensive
management plans for its systematic registration and promotion. The initiative of IGME in
2005 to include a project, on one hand, for the systematic registration of geotopes based
on geoscientific, educational, or tourist value, and on the other hand, for the selection of
sites as potential geoparks, in the Third Community Support Framework, deserves special
mention. Since then, the issue has been included in various sub-projects of the NSRF,
resulting in the completion of the systematic inventory project and the development of an
interactive GIS system, which describes the geotopes registered so far, the geopaths, and
the institutionalized geoparks of Greece. The GIS presents both the geospatial data and the
metadata and information about the European geoparks as well as the Greek geopaths that
have been investigated by IGME.

The Commission for the Enhancement of Geological and Geomorphological Heritage
was established by the Geological Society of Greece in 2004 to coordinate scientific activities
in geoconservation.

The first attempt at an open discussion on the issue of preservation of the geological
heritage in Greece took place in 1996 in Ermoupolis, Syros. Four years later, in 2000, the
mentioned terminology was consolidated by the Academy of Athens. In this way, it was
realized that there was a more systematic way of recording potential geotopes, with the
goal of designating a part of them as geoparks.

In addition, it is worth mentioning that the large presence of strong geological monu-
ments in Greece resulted in the recognition of six geological parks (Figure 7). Initially, in
2000, the area of the Petrified Forest of Lesvos was recognized as the first geological park in
Greece and was a founding member of the European Geoparks Network. Further, in 2012,
the entire island of Lesvos was designated as “Lesvos Island UNESCO World Geopark”.
Additionally, in 2001 followed the recognition of the Psiloritis geopark (Psiloritis Natural
Park) in Crete. It should be emphasized that these first two geoparks contributed to the
establishment and characterization of the other geoparks both in Greece and at European
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level. Later in 2009, the Chelmos—Vouraikos Geopark in the Peloponnese was recognized;
in 2010, the Vikos—Aoos Geopark in Epirus; in 2015, the Sitia Geopark in Crete; and finally,
in 2021, the Grevena—-Kozani Geopark was included.

Bulgaria
Albania Gro Lauie N
“Eew °” ‘Thessaloniki

‘l

+, &.° Greece

Figure 7. Satellite photo of Greece, indicating the location of Geoparks: GP1—Lesvos, GP2—Psiloritis,
GP3—Chelmos—Vouraikos, GP4—Vikos—-Aoos, GP5—Sitia and GP6—Grevena—-Kozani.

3.4. Geoeducation in Greece

Geological education seeks to promote geological thinking through geological knowl-
edge, with the goal of positively influencing issues of public concern. This knowledge is
imparted in the Greek educational system through a course in primary education. How-
ever, this course is taught by unskilled staff as part of the Geography course and even at
certain times during the thematic units [77]. Moreover, in secondary education, particu-
larly in the first and second grade of high school, the subjects of Geology and Geography
are only taught for one and two hours, respectively, per week. These two curricula do
not place enough emphasis on geoheritage, the palaeontological significance of specific
geological sites, and fossilized areas that represent the evolution of our planet [78]. As
a result, the education of Greek students in geological and geoenvironmental issues is
limited to inadequate [79,80]. Because of this, when students complete elementary school,
they lack a fundamental understanding of geosciences, which are crucial in the daily lives
of citizens [79,80]. According to the statistical study of Georgousis et al. [81], it appears that
most Greek school children and students lack adequate knowledge and understanding of
geoheritage and its significance. The outcome of this research indicates how important it is
to introduce and implement geoenvironmental education rather than simply environmental
education. It is also important to have well-trained staff in the Greek education system, able
to transfer the necessary knowledge and the importance of geoenvironmental concepts to
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students. According to Georgousis et al. [81], in which 612 pupils and students participated,
a lack of participation of pupils, primarily in geoenvironmental education programs, was
initially apparent. However, the findings of the study revealed that 43 percent of students
participate in school-based environmental education programs. Then, with a percentage of
30%, it appeared that students participate in cultural educational programs, and finally,
only 27% of students participate in educational programs that take place outside school
activities (Figure 8) [81].

PARTICIPATION IN A SCHOOL EDUCATION PROGRAM N=612

Participation in a School Participation in a

Environmental Education Program School

for another body, 129, 27%

Participationin a
School Cultural
Program, 147, 30%

Environmental
Education Program,
207, 43%

Figure 8. The results of student participation in various school educational programs, based on Georgousis et al. [81].

Furthermore, the findings of this study are critical in terms of the most important
aspects that emerge from the implementation of geoeducation. Twenty-one percent of
participants stated that geoeducation is related to environmental heritage and geoheritage
(Figure 9). According to 19% of participants, geoeducation is related to the proper use
of geological sources. Seventeen percent of participants believe that geoeducation is
associated with hazard awareness. A percentage of 12 percent relates the concepts of
geosciences with everyday life and the ability to mitigate risk. Finally, 11% of participants
stated that geoeducation is related to broader geoscientific knowledge, while 8% thinks
that geoeducation is related to capacity in sustainable approaches [81].

THE MOST IMPORTANT ASPECTS OF GEOEDUCATION
ACCORDING THE OPINION OF PUPILS & STUDENTS
N=612

Importance of geosciences Geoscientific
for daily life, 231, 12% knowledge, 213, 11%

Awareness about
hazards, 336, 17%

Value of environmental
heritage and geoheritage,
408, 21%

The responsible use of

Capability for risk mitigation, geo-sources, 375, 19%

234,12%

Figure 9. The most important aspects of geoeducation as reported by 612 pupils and students [81].
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To summarize, there is a clear lack of geoenvironmental education in the Greek
educational system, which means that the next generation does not understand the value
and importance of protecting geological heritage. Understanding the value of Greek
geological heritage will lead to the emergence of other aspects of Greek society, such as
cultural and archaeological heritage.

3.5. State of Development of Geotourism in Greece

Tourism is one of the most important pillars of growth and revenue for the Greek
economy. The contribution of tourism to GDP was estimated at 16.2% for 2009, which
corresponds to approximately 35 billion EUR [82]. Greece has established itself among the
top tourist destinations internationally. However, the future of the Greek tourism product
should not be considered guaranteed. Maintaining high growth rates of tourist arrivals
and receipts, despite increasing competition, is vital to the national economy.

Geotourism is an alternative form of tourism based on the sustainable development
and preservation of geological monuments, the natural environment, the cultural heritage,
and the landscape. With its rich natural and cultural heritage, Greece has the potential
to develop this specialized form of tourism. Geotourism has its own dynamics and is
vying for a market share. Geotopes, geoparks, and natural history museums are the most
common locations for geotourism activities, and as a result, geotourism can be a valuable
opportunity for local community development with numerous benefits.

Crete is the region with the highest geotourism activity in the country [83]. The South
Aegean region also presents high geotourism activity. The regions of lonian Islands and
Attica present medium to high geotourist activity. The regions of Epirus, Peloponnese, and
Thessaly present average geotourist activity.

Therefore, it is understood that the geotopes of Greece can play an important role in
strengthening its tourism economy. It is a local low-cost tourism product that facilitates
regional development [83]. Geotourism is a “new” challenge for Greece, not only because it
can redistribute the tourist product of the country to areas that were previously not tourist
destinations, but also because it can stimulate a new quality tourist flow in the country. The
usual forms of geotourism in Greece are cave tourism (only in tourist caves) and hot spring
and spa tourism [84,85]. Greek geotopes, however, can support other activities, targeting
a wide range of citizens. In recent years, there has been adequate mobility in Greece for
the promotion of geological heritage and geotope management, primarily through the
IGME project. This project aims to systematically register geotopes based on criteria such
as geoscientific, educational, or tourist value, to identify georoutes, to promote and include
Geoparks in the global and European network, to select areas as potential geoparks, etc.

Geotourism, in general, can be one of the main pillars of rural tourism in Greece.
In most cases, the “geotourism product” is part of the overall rural tourism product [86]
(agrotourism, cultural tourism, adventure tourism), from which it cannot and therefore
should not be separated. There are also instances where the “geotourism product” can be
incorporated into the main tourism product of the country, to the extent that the dominant
and most popular form of tourism (sun and sea) is differentiated and enriched in the
direction of sustainable tourism development.

4. Discussion

It is well documented in the scientific community that Greece, as a tectonically active
country, constitutes a Natural Geological Laboratory and Museum, which must and can be
used for information and education and consequently public awareness.

The Greek natural environment, particularly the living flora and fauna, has been
documented, studied, and evaluated. The geoenvironment, on the other hand, despite
being the foundation of fauna and flora as well as the framework of spatial planning and
development policies, has not yet been fully studied and researched, and its protection
is insufficient. This is evident from the lack of geoenvironmental education within the
curriculum of Greek schools and universities [81]. The question is whether sustainable
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development and interdisciplinary knowledge and interpretation of the environment can
be understood in the absence of knowledge and integrated geoenvironmental management.

According to the literature review and our personal opinion, the following are some
of the reasons for Greece’s lack of geoenvironmental promotion, protection, and inte-
grated management:

e  Since the establishment of the modern Greek state, Greek geoscientists have played
a minor or non-existent role in the effort to locate raw materials, such as energy and
quarry reserves, as well as in the study and construction of large development projects;

e The rapid passage of Greek society from the phase of survival in the phase of

consumerism—-eudemonism;

The environment is viewed as a consumer good;

The misconception that the geoenvironment accepts and offers endlessly;

The time lag with which our country implemented international conventions and

European Union legislation concerning the natural environment;

Inadequate understanding of the importance of geological knowledge and heritage;

The failure of the Greek state and society to recognize the importance of the role of

geoscientists, geological knowledge, and its applications in the country’s develop-

ment process;

The absence of a geoenvironmental pedagogical, educational, and recreational dimension;

Greece’s inability to function as an open natural geological museum;

The exploitative and piecemeal approach to the geoenvironment;

Inability to adapt the activities and services provided by each geoproduct and re-

source category (spa, caves, gorges, waterfalls, thermal springs, etc.) to changes in

Greek society;

e The inability of the Greek society to identify with new data on multiculturalism,
mobility, the global market, and the economy.

It is common for society to disregard the values contained in the geoenvironment,
which is characterized by a wide range of phenomena and processes, and is a witness to
human civilization and geological phenomena. All this makes it a destination for scientific
study and observation of phenomena, as well as recreational space and human contact
with nature. The geoenvironment, with its constraints and opportunities, serves as the
foundation for development planning. For this reason, the involvement of geoscientists in
the problems of the Greek development model of Greece, as well as the increased social
interest in the environment and its protection, especially in recent years, require the review
of attitudes and policies related to the geoenvironment.

Based on the above findings, the goals for the near future should be:

e  The recording and investigation of the existing institutional framework of the geoen-
vironment;

e The recording of the existing reality of the utilized or not, but visitable natural
habitats—the caves, the waterfalls, the gorges, and the thermo-mineral waters, as well
as the man-made habitats—the museums of natural history, canals, etc.;

e  Exploring the development dimension of geotopes as attractions at local, regional,
and national scale;

The promotion of geological heritage and the determination of methods for its protection;
The emergence of geotourism;

The use of geological monuments for educational purposes in primary and secondary
schools, particularly in environmental education;

e  The possibility of using the geoenvironment as an open geological laboratory-museum
for higher education;

Assessing the need for new specialties such as land conservators, tour guides, etc.;
The diffusion of geological knowledge, science, and their applications in everyday life.
Exploring the relationships and interactions between the geoenvironment and folklore,
literature, mythology, religion, photography, and philately;
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e The investigation of the relationship of the geoenvironment with the activities of man
in his free time.

The designation of a location as a geosite does not ensure its preservation and protec-
tion. Geoconservation cannot be successful unless the public and the state are made aware
of its importance. Through educational programs, particularly environmental education
courses, young people can learn about their own local geological heritage. Education, par-
ticularly environmental education, can be a driving force behind successful land conservation.

The preservation of geological and geomorphological heritage through environmental
education can be combined with strategies aimed at the socio-economic development of
each region (e.g., development of alternative forms of tourism, such as cultural tourism,
ecotourism, etc.) contributing to promoting the harmonious human-nature relationship.

It should be emphasized once more that the current system that governs education
has degraded the position of geology in the Greek educational system. It is also requested
that scientists with critical and creative thinking be trained to contribute to the resolution
of energy issues or issues of management of Greece’s abundant natural resources, in
order to provide Greece with the necessary economic impetus for long-term development
and sustainability.

5. Conclusions

The aim of this review has been based on the current system in force for geological
heritage, geodiversity, geoethics, and geoeducation, to demonstrate the current situation
regarding the promotion and utilization of the geological heritage of Greece. The country is
characterized by a complicated geological context and evolution, as well as a wide range of
geomorphological processes that have resulted in a high level of geodiversity. As a result,
it has many spectacular landscapes and outstanding or unique geosites, which, due to the
lack of the appropriate legislation framework, are poorly managed and protected.

Greece occupies a unique position on the European geological map, with extensive
areas of important geotopes containing, among other things, paleontological remains, rare
geomorphological structures, and thousands of caves. Furthermore, this is the primary
reason why the country has been a member of the UNESCO European Network of Geoparks
since November 2015, with six geoparks (the fossil forest of Lesvos, Psiloritis of Crete, the
area of Sitia, the National Forest of Vikos—Aaros, Vouraikos Peloponnese, and last but not
least, the Grevena—Kozani geopark) among 81 geoparks in 26 countries in Europe.

Although the provisions of Law 3937/11 resulted in the definition, characterization,
and process of characterization of geotopes, there is still an institutional and legal gap in
geotope protection. The importance of establishing a legal framework for geotope pro-
tection is highlighted by the fact that their promotion and rational management creates
opportunities for sustainable development, particularly in the rural sector, as well as be-
coming quality tourist destinations (geotourism) through nature protection and education.
However, at national level, the importance of geotopes has, so far, been underestimated.
The institutional framework that exists for the protection and preservation of the geological
heritage is based on the necessity of issuing administrative acts and, to date, this has not
been activated.

Finally, the need for geoenvironmental education at all levels of the Greek education
system is emphasized which will lead to geoenvironmentally responsible citizens with
developed geoethical values.

Author Contributions: Conceptualization, G.Z. and H.D.; methodology, G.Z.; investigation, G.Z;
resources, H.D. and N.Z.; writing—original draft preparation, G.Z.; writing—review and editing,
G.Z, HD., A.A. and N.Z,; supervision, H.D. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.



Geosciences 2021, 11, 381 18 of 20

Acknowledgments: The authors gratefully thank the journal editor and the three reviewers for their
thorough consideration of this paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  UNESCO—U.N. Environment program. In Proceedings of the International Workshop on Environmental Education at Belgrade,
Belgrade, Yugoslavia, 13-22 October 1975; pp. 1-4.

2. UNESCO. In Proceedings of the Intergovernmental Conference Education, Tbilisi, Georgia, 14-26 October 1977; UNESCO: Paris, France,
1978; pp. 1-96.

3. Martini, G. (Ed.) Actes du Premier Symposium International sur la Protection au Patrimonie Geologique. In Proceedings of the
First Symposium on Earth Heritage Conservation, Digne, France, 11-16 June 1991; Memoires de la Societe geologique de France;
Société géologique de France: Paris, France, 1993; Numero Special 165; p. 276.

4. Zouros, N. The European Geoparks Network. Episodes 2004, 27, 165-171. [CrossRef]

5. Zouros, N.; Martini, G. Introduction to the European Geoparks Network. In Proceedings of the 2nd European Geoparks
Network Meeting: Lesvos, Natural History Museum of the Lesvos Petrified Forest, Lesvos, Greece, 3-7 October 2003; Zouros, N.,
Martini, G., Frey, M.-L., Eds.; pp. 17-21.

6.  Farsani, N.D.; Coelho, C.; Costa, C. Geotourism and Geoparks as novel strategies for socio-economic development in rural areas.
Int. ]. Tour. Res. 2011, 13, 68-81. [CrossRef]

7. Dowling, R.; Newsome, D. (Eds.) Geotourism; Elsevier /Heineman: Oxford, UK, 2006.

8.  Hose, T. A3G’s for Modern. Geotourism. Geoheritage 2012, 4, 7-24. [CrossRef]

9. Vascanelos, C.; Moutinho, S.; Torres, J. Geothics in the context of Sustainability and its Teaching across the Curriculum. In
Proceedings of the 8th International Conference of Education, Research and Innovation, Seville, Spain, 16-18 November 2015.

10. Santangelo, N.; Valente, E. Geoheritage and Geotourism. Resources 2020, 9, 80. [CrossRef]

11. Carcavilla, L.; Duran Valsero, J.; Garcia-Cortés, A Lopez-Martinez, J. Geological Heritage and Geoconservation in Spain: Past,
Present, and Future. Geoheritage 2009, 1, 75-91. [CrossRef]

12.  Gordon, J.E. Geoheritage, Geotourism and the Cultural Landscape: Enhancing the Visitor Experience and Promoting Geoconser-
vation. Geosciences 2018, 8, 136. [CrossRef]

13.  McBriar, M. Foreword. In A Report Prepared for the Australian Heritage Commission by the Standing Committee for the Geological
Heritage of the Geological Society of Australia Inc.; Joyce, E.B., Ed.; Standing Committee for Geological Heritage of the Geological
Society of Australia Inc.: Sydney, Australia, 1995.

14. UNESCO. UNESCO Geoparks Programme—A New Initiative to Promote a Global Network of Geoparks Safeguarding and Developing
Selected Areas Having Significant Geological Features; Document 156 EX/11 Rev., Executive Board, 156th session; UNESCO: Paris,
France, 1999; p. 4.

15. European Manifesto on Earth Heritage and Geodiversity. 2004. Available online: http:/ /www.progeo.pt/pdfs/Manifesto_ EH.pdf
(accessed on 9 May 2021).

16.  Gray, M. Geodiversity: Valuing and Conserving Abiotic Nature; John Wiley: Chichester, UK, 2004.

17.  Sharples, C.; Concepts and Principles of Geoconservation. Tasmanian Parks and Wildlife Service. 2002. Available online:
http:/ /www.dpipwe.tas.gov.au/Documents/geoconservation.pdf (accessed on 3 July 2021).

18.  Brocx, M.; Semeniuk, V. Geoheritgae and geoconservation—History, definition, scope and scale. J. R. Soc. West. Aust. 2007, 90,
53-87.

19. Semeniuk, V. The linkage between biodiversity and geodiversity. In Pattern and Process—Towards a Regional Approach to National
Estate Assessment of Geodiversity; Canberra ACT: Environment Australia Technical Series No 2; Eberhard, R., Ed.; Australian
Heritage Commission: Canberra, Australia, 1996; pp. 51-58.

20. Semeniuk, V.; Semeniuk, C.A. Human impacts on globally to regionally significant geoheritage features of the Swan Coastal Plain
and adjoining coastal zone, southwestern Australia. In Gondwana to Greenhouse: Australian Environmental Geoscience; Gostin, V.A.,
Ed.; Geological Society of Australia: Sydney, Australia, 2001; pp. 181-199.

21. Prosser, C.D,; Bridgland, D.R.; Brown, E.J.; Larwood, J.G. Geoconservation for science and society: Challenges and opportunities.
Proc. Geol. Assoc. 2011, 122, 337-342. [CrossRef]

22. Lazzari, M. Geosites, cultural tourism and sustainability in Gargano National park (southern Italy): The case of the Salata (Vieste)
geoarchaeological site. Rend. Online Soc. Geol. It. 2013, 28, 97-101.

23. McMillan, A.A,; Gillanders, R.J.; Fairhurst, J.A. The Building Stones of Edinburgh, 2nd ed.; Edinburgh Geological Society: Edinburgh,
UK, 1999.

24.  Schullery, P. Searching for Yellowstone: Ecology and Wonder in the Last Wilderness; Mariner Books: Boston, MA, USA, 1999.

25.  Jackli, H. Opening address. In Moraines & Varves; Schliichter, C., Ed.; Balkema: Rotterdam, The Netherlands, 1979; pp. 5-7.

26. Gordon, J.E. Conservation of geomorphology and Quaternary sites in Great Britain: An overview of site assessment. In Conserving
our Landscape; Stevens, C., Gordon, J.E., Macklin, M.G., Eds.; English Nature: Peterborough, UK, 1994; pp. 11-21.

27. Mc Keever, P.; Zouros, N. Geoparks: Celebrating earth heritage, sustaining local communities. Episodes 2005, 28, 274-278.

[CrossRef] [PubMed]


http://doi.org/10.18814/epiiugs/2004/v27i3/002
http://doi.org/10.1002/jtr.800
http://doi.org/10.1007/s12371-011-0052-y
http://doi.org/10.3390/resources9070080
http://doi.org/10.1007/s12371-009-0006-9
http://doi.org/10.3390/geosciences8040136
http://www.progeo.pt/pdfs/Manifesto_EH.pdf
http://www.dpipwe.tas.gov.au/Documents/geoconservation.pdf
http://doi.org/10.1016/j.pgeola.2011.01.007
http://doi.org/10.18814/epiiugs/2005/v28i4/006
http://www.ncbi.nlm.nih.gov/pubmed/25204477

Geosciences 2021, 11, 381 19 of 20

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

EGN. European Geoparks Magazine No 7. 2005, p. 36. Available online: http://www.europeangeoparks.org (accessed on
9 May 2021).

UNESCO. Transforming our World: The 2030 Agenda for Sustainable Development. 2005. Available online: https:
/ /sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20
web.pdf (accessed on 9 May 2021).

Herrera-Franco, G.; Montalvan-Burbano, N.; Carrién-Mero, P.; Apolo-Masache, B.; Jaya-Montalvo, M. Research trends in
geotourism: A bibliometric analysis using the scopus database. Geosciences 2020, 10, 379. [CrossRef]

Robinson, A.M. Geotourism: Who is a geotourist. In Proceedings of the Inaugural National Conference on Green Travel, Climate
Change and Ecotourism, Adelaide, Australia, 17-20 November 2008; pp. 909-923.

Farsani, N.T.; Coelho, C.; Costa, C. Rural geotourism: A new tourism product. Acta Geoturistica 2013, 4, 1-10.

Joyce, E.B. Geological heritage of Australia: Selecting the best for Geosites and World Heritage and telling the story for geotourism
and Geoparks. ASEG Ext. Abstr. 2006, 2006, 1-4. [CrossRef]

Kanellopoulou, G. The challenge of geotourism in Greece: Geocultural routes in Zagori region (NW Greece). In Proceedings of
the IMIC, 1st International Conference on Experiential Tourism, Santorini, Greece, 9-11 October 2015; pp. 9-11.

Dowling, R K. Global geotourism—An emerging form of sustainable tourism. Czech J. Tour. 2013, 2, 59-79. [CrossRef]

Boo, E. Planning for Ecotourism. Parks 1991, 2, 4-9.

Imbrahim, K.; Hanzah, M. Geotourism: An Effective Approach towards Conservation of Geological Heritage. In Symposium of
Indonesia—Malaysia Culture, Badung, Malaysia; Unpublished paper; 1993.

Inskeep, E. Tourism Planning: An Integrated and Sustainable Development Approach; Van Nostrand Reinhold: New York, NY,
USA, 1997.

Peppoloni, S.; Di Capua, G. The meaning of geoethics. In Ethical Challenges and Case Studies in Earth Sciences; Wyss, M.,
Peppoloni, S., Eds.; Elsevier: Amsterdam, The Netherlands, 2015; pp. 3-14.

Brocx, M.; Semeniuk, V. The ‘8Gs’—A blueprint for Geoheritage, Geoconservation, Geo-education and Geotourism. Aust. J. Earth
Sci. 2019, 66, 803-821. [CrossRef]

Chan, K.M,; Balvanera, P.; Benessaiah, K.; Chapman, M.; Diaz, S.; Gémez-Baggethun, E. Luck GW Opinion: Why protect nature?
Rethinking values and the environment. Proc. Natl. Acad. Sci. USA 2016, 113, 1462-1465. [CrossRef] [PubMed]

Slaymaker, O.; Spencer, T.; Embleton-Hamann, C. Geomorphology and Global Environmental Change; Cambridge University Press:
Cambridge, UK, 2015. [CrossRef]

Winter, C. The intrinsic, instrumental and spiritual values of natural area visitors and the general public: A comparative study. J.
Sustain. Tour. 2007, 15, 599-614. [CrossRef]

Papayannis, T.; Howard, P. Editorial: Nature as Heritage. Int. ]. Herit. Stud. 2007, 13, 298-307. [CrossRef]

Vucetich, J.; Bruskotter, J.; Nelson, M. Evaluating whether nature’s intrinsic value is an axiom of or anathema to conservation.
Conserv. Biol. 2015, 29, 321-332. [CrossRef] [PubMed]

Drinia, H.; Tsipra, T.; Panagiaris, G.; Patsoules, M.; Papantoniou, C.; Magganas, A. Geological heritage of syros island, cyclades
complex, Greece: An assessment and geotourism perspectives. Geoscience 2021, 11, 138. [CrossRef]

Makris, J. Geophysical investigation of the Hellenides. Hambg. Geophys. Einzelschr. 1977, 34, 124.

McKenzie, D. Some remarks on the development of sedimentary basins. Earth Planet. Sci. Lett. 1978, 40, 25-32. [CrossRef]
Papazachos, B.C.; Comninakis, P.E. Geotectonic significance of the deep seismic zones in the Aegean Area. In Proceedings
Symposium Thera and the Aegean World I; Cambridge University Press: Cambridge, UK, 1978; pp. 121-129.

Pichon, X.L.; Angelier, J. The Hellenic Arc and Trench System: A key to the neotectonic evolution of the Eastern Mediterranean.
Tectonophysics 1979, 60, 1-42. [CrossRef]

Molnar, P.; Tapponier, P. Cenozoic tectonics of Asia: Effects of a continental collision. Science 1975, 189, 419. [CrossRef]
McKenzier, D.P. Active tectonics of the Mediterranean region. Geophys. J. Int. 1972, 30, 109-185. [CrossRef]

Angelier, ].; Dumont, ].F,; Karamanderesi, H.; Poisson, A.; Simsek, S.; Uysal, S. Analyses of fault mechanisms and expansion of
southwestern Anatolia since the Late Miocene. Tectonophysics 1981, 75, T1-T9. [CrossRef]

Makris, J. The crust and upper mantle of the Aegean region from deep seismic soundings. Tectonophysics 1978, 46, 269-284.
[CrossRef]

Makris, J. Geophysical studies and geodynamic implications for the evolution of the Hellenides. In Geological Evolution of the
Mediterranean Basin; Stanley, D.]J., Wezel, F.C., Eds.; Springer: New York, NY, USA, 1985.

Angeller, J.; Lyberis, N.; Pichon, X.L.; Barrier, E.; Huchon, P. The tectonic development of the Hellenic Arc and the Sea of Crete: A
synthesis. Tectonophysics 1982, 86, 159-196. [CrossRef]

Jarnet, M. Paleoomagnetisme et Neotectonique de I’ ile de Corfou; These Univ. Paris X; Paris Nanterre University: Paris, France, 1982;
p. 146.

La, J.C.; Jamet, M.; Sorel, D.; Valente, J.P. First paleomagnetic results from Mio-Pliocene series of the Hellenic sedimentary arc.
Tectonophysics 1982, 86, 45-67.

Valente, ].P.; Laj, C.; Sorel, D.; Roy, S.; Valet, ].P. Paleomagnelic results from Mio-Pliocene marine sedimentary series in Crete.
Earth Plan. Sei. Lett. 1982, 57, 159-172. [CrossRef]

Mercier, J.L.; Carey, E.; Philip, H.; Sorel, D. La neotectonique plio-quaternaire de 1" arc egeen externe et de la mer Egee et ses
relations avec la seismicite. Bull. Soc. Geol. Fr. 1976, 7, 355-372. [CrossRef]


http://www.europeangeoparks.org
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
http://doi.org/10.3390/geosciences10100379
http://doi.org/10.1071/ASEG2006ab078
http://doi.org/10.2478/cjot-2013-0004
http://doi.org/10.1080/08120099.2019.1576767
http://doi.org/10.1073/pnas.1525002113
http://www.ncbi.nlm.nih.gov/pubmed/26862158
http://doi.org/10.1017/CBO9780511627057
http://doi.org/10.2167/jost686.0
http://doi.org/10.1080/13527250701350835
http://doi.org/10.1111/cobi.12464
http://www.ncbi.nlm.nih.gov/pubmed/25704250
http://doi.org/10.3390/geosciences11030138
http://doi.org/10.1016/0012-821X(78)90071-7
http://doi.org/10.1016/0040-1951(79)90131-8
http://doi.org/10.1126/science.189.4201.419
http://doi.org/10.1111/j.1365-246X.1972.tb02351.x
http://doi.org/10.1016/0040-1951(81)90271-7
http://doi.org/10.1016/0040-1951(78)90207-X
http://doi.org/10.1016/0040-1951(82)90066-X
http://doi.org/10.1016/0012-821X(82)90182-0
http://doi.org/10.2113/gssgfbull.S7-XVIII.2.355

Geosciences 2021, 11, 381 20 of 20

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.
78.
79.

80.

81.

82.

83.

84.

85.

86.

Sorel, D. Etude Neotectonique dans 1" arc Egeen Externe Occidental: Les iles loniennes de Kephallinia et Zakynthos et | Elide Occidental;
These Univ. Paris XI (Orsay); Paris-Sud University: Paris, France, 1976; p. 196.

Paquin, C.; Bloyet, ]J.; Angelidis, C. Tectonic stresses on the boundary of the Aegean domain: “in situ” measurements by
overcoring. Tectonophysics 1984, 110, 145-150. [CrossRef]

Taymaz, T.; Yilmaz, Y.; Dilek, Y. The Geodynamics of the Aegean and Anatolia. Geol. Soc. Lond. Spec. Publ. 2007, 291, 1-16.
[CrossRef]

Angelier, J.; Pichon, X.L. Neotectonique horizontale et verticale de 'Egée: Subduction et expansion. Aubouin, J. Debelmas and M.
Latreille (Coordinators), Géologie des Chaines Alpines Issues de la Téthys. In Proceedings of the 26th International Geological
Congress, Mém BRGM, Paris, France, 7-17 July 1980; Volume 115, pp. 249-260.

Angelier, J. Analyse quantitative des relations entre deformation horizontale et movements vertlcaux: 1’ extension Egeen, la
subsidence de la mer de Crete et la surrection de 1’ arc hellenique. Ann. Géophys. 1981, 37, 327-345.

Huchon, P; Lybéris, N.; Angelier, J.; Le Pichon, X.; Renard, V. Tectonics of the hellenic trench: A synthesis of sea-beam and
submersible observations. Tectonophysics 1982, 86, 69-112. [CrossRef]

Barton, M.; Salters, V.; Huijsmans, J. Sr-isotope and Trace Element Evidence for the Role of Continental Crust in Calc-Alkaline
Volcanism on Santorini and Milos, Aegean Sea, Greece. Earth Planet. Sci. L 1983, 63, 273-291. [CrossRef]

Trotet, F,; Vidal, O.; Jolivet, L. Exhumation of Syros and Sifnos metamorphic rocks (Cyclades, Greece). New constraints on the
P-653 T paths. Eur. J. Mineral. 2001, 13, 901-920. [CrossRef]

Goudie, A.G. Encyclopedia of Geomorphology; Routledge: London, UK, 2004.

Theodosiou, E.; Fermeli, G.; Koutsouveli, A. Our Geological Heritage; Kaleidoskopion: Athens, Greece, 2006.

Zouros, N. Lesvos petrified forest geopark, Greece: Geoconservation, geotourism, and local development. In The George Wright
Forum; George Wright Society: Hancock, MI, USA, 2010; pp. 19-28.

Fassoulas, C.; Zouros, N. Evaluating the influence of Greek geoparks to the local communities. Bull. Geol. Soc. Greece 2010, 43,
896-906. [CrossRef]

Stergiou, L.; Chatzipetros, A.; Telbisz, T.; Mindszenty, A. The Gamila Peak Spherical Concretions and the Oxia Hanging Valley at
the Vikos-Aoos Geopark. In Proceedings of the 15th International Congress of the Geological Society of Greece, Athens, Greece,
22-24 May 2019; Volume 7, pp. 722-723, Special Publication.

Liapi, E. Study of plant macro-remains from the Upper Miocene-Lower Pliocene lignite deposits of Kalavrita basin. Master’s
Thesis, Applied Ecology-Ecosystems and Biological Resources Management’ of G.S.P Program of Biology Department, University
of Patras, Patras, Greece, 2020.

Fassoulas, C.; Staridas, S.; Perakis, V.; Mavrokosta, C. Revealing the geoheritage of Eastern Crete, through the development of
Sitia Geopark, Crete, Greece. Bull. Geol. Soc. Greece 2013, 47, 1004-1016. [CrossRef]

Rassios, A.; Grieco, G.; Batsi, A.; Myhill, R.; Ghikas, D. Preserving the non-preservable geoheritage of the aliakmon river: A case
study in geoeducation leading to cutting-edge science. Bull. Geol. Soc. Greece 2016, 50, 255-264. [CrossRef]

Rokka, A. Geology in primary education; Potential and perspectives. Bull. Geol. Soc. Greece 2018, 34, 819-823. [CrossRef]
Meléndez, G.; Fermeli, G.; Koutsouveli, A. Analyzing Geology textbooks for secondary school curricula in Greece and Spain:
Educational use of geological heritage. Bull. Geol. Soc. Greece 2007, 40, 1819-1832. [CrossRef]

Trikolas, K.; Ladas, I. The necessity of teaching earth sciences in secondary education. In Proceedings of the 3rd International
GEOschools Conference, Teaching Geosciences in Europe from Primary to Secondary School, Athens, Greece, 28-29 September
2013; pp. 73-76.

Fermeli, G.; Meléndez, G.; Calonge, A.; Dermitzakis, M.; Steininger, F.; Koutsouveli, A.; Neto de Carvalho, C.; Rodrigues, J.;
D’Arpa, C.; Di Patti, C. GEOschools: Innovative teaching of geosciences in secondary schools and raising awareness on
geoheritage in the society. In Avances y Retos en la Conservacion del Patrimonio Geoldgico en Espafia. Actas de la IX Reunion Nacional de
la Comision de Patrimonio Geoldgico (Sociedad Geologica de Espafia); Fernandez-Martinez, E., Castafio de Luis, R., Eds.; Universidad
de Leodn: Ledn, Spain, 2011; pp. 120-124. ISBN 978-84-9773-578-0.

Georgousis, E.; Savelides, S.; Mosios, S.; Holokolos, M.-V.; Drinia, H. The Need for Geoethical Awareness: The Importance of
Geoenvironmental Education in Geoheritage Understanding in the Case of Meteora Geomorphes, Greece. Sustainability 2021,
13, 6626. [CrossRef]

Skoumpi, M.; Tsartas, P.; Sarantakou, E.; Pagoni, M. Wellness Tourism Resorts: A Case Study of an Emerging Segment of Tourism
Sector in Greece. In Culture and Tourism in a Smart, Globalized, and Sustainable World; Springer Proceedings in Business and
Economics; Katsoni, V., van Zyl, C., Eds.; Springer: Cham, Switzerland, 2021; pp. 477-495. [CrossRef]

Skentos, A. Geotopes of Greece. Master’s Thesis, University of Athens, Athens, Greece, 2012.

Georgakopoulou, S.; Delitheou, V. Alternative forms of sustainable development: The case of thermal tourism. Int. ]. Environ.
Sustain. Dev. 2020, 19, 367-377. [CrossRef]

Karamani, P; Drinia, H.; Panagiaris, G. Geotourism as a tool for the protection and promotion of the Cave of Galaxidi. In
Proceedings of the 15th International Congress of the Geological Society of Greece Athens, Athens, Greece, 22-24 May 2019;
pp- 22-24.

Newsome, D.; Dowling, R.K. Geotourism: The Tourism of Geology and Landscape; Goodfellow Publishers: Oxford, UK, 2010.


http://doi.org/10.1016/0040-1951(84)90062-3
http://doi.org/10.1144/SP291.1
http://doi.org/10.1016/0040-1951(82)90062-2
http://doi.org/10.1016/0012-821X(83)90042-0
http://doi.org/10.1127/0935-1221/2001/0013/0901
http://doi.org/10.12681/bgsg.11255
http://doi.org/10.12681/bgsg.11143
http://doi.org/10.12681/bgsg.11726
http://doi.org/10.12681/bgsg.17705
http://doi.org/10.12681/bgsg.17143
http://doi.org/10.3390/su13126626
http://doi.org/10.1007/978-3-030-72469-6_32
http://doi.org/10.1504/IJESD.2020.110637

	Introduction 
	Literature Overview 
	Geoheritage and Geoconservation 
	The Need for More Systematic Use of Geoeducation and Its Awareness 
	The Positive Impact of Geotourism 
	Geoethics 

	The Geological Heritage of GREECE and Its Peculiarities 
	The Geological Setting of Greece 
	The Geological Heritage of Greece 
	Institutional Framework–Legislation 
	Geoeducation in Greece 
	State of Development of Geotourism in Greece 

	Discussion 
	Conclusions 
	References

