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Abstract: In this study, the geoeducational value of five geosites, located in the aspiring geopark
of the volcanic island of Nisyros, SE Aegean Sea, was assessed by means of two methods: the G-P
method of Brilha (2016) and the M-GAM method. The first method takes into account 12 criteria
belonging to the educational potential. The M-GAM method, on the other hand, takes into account
the opinions of visitors who, as non-experts, express a different point of view that is rarely calculated
or evaluated in different geosite assessment methods. For the better and more objective comparison
of the two methods of evaluation of the educational potential of the study areas, the results were
converted to a percentage scale (%). The first G-P method clearly highlights the high geological
value of the studied geosites, which have a relatively high score and can be used for geotourism
and geoeducation. The second method, on the other hand, yields a moderate score in areas with
objectively high geological value. This is clearly evident, as this method considers the opinions
of visitors who lack the necessary cognitive geological background, thereby underestimating the
significance and potential of certain geological features due to lack of formal training.

Keywords: geoeducation; geoheritage; geosite quantitative assessment; Nisyros Island

1. Introduction

In recent years, an effort has been made by the geoscientific community to record,
evaluate, and highlight sites of high geological interest. A key role in this initiative was
played by the Convention on the Protection of the World Cultural and Natural Heritage
that took place in Paris (France, 1972) and, some years later, by the International Declaration
on the Rights of the Memory of the Earth, held in Digne (France, 1991) [1]. These two events
were the precursors to the creation of a European initiative for the protection of geoheritage
and geodiversity. Indeed, the European Geoparks Network (EGN) was established in
2000 with its goal being the systematic dissemination of procedures that would ensure
the protection and conservation of geodiversity [2]. A few years later, in 2004, the Global
Geoparks Network was established to enhance the value of geological heritage to both
geoscientists and the public [3], as well as to promote sustainable development in areas
hosting such geoparks. The above initiatives have led to the emergence and documentation
of the new geoscientific concepts of geodiversity and geoconservation. According to
Zwolinski, [4] geodiversity is defined as the variety in the earth’s materials and the forms
and the processes that compose and shape the Earth. Sharples [5] states that geoheritage
incorporates the protection of dynamic geological processes and geodiversity. Thus, a new
need arises for the protection and conservation of areas of high geological value. This need
has led to the concept of geoconservation, which denotes all actions taken to preserve and
enhance geological and geomorphological features, processes, sites, and specimens [6,7].

In addition, a set of innovative activities is beginning to develop, closely linked
to geoeducation and geotourism, based on the principles of sustainability and rational
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environmental management [8,9] and the conservation of the geoenvironment, geoheritage,
and geodiversity of a geologically important area. Geotourism is gaining popularity as an
alternative form of tourism that focuses on criteria of social, cultural, environmental, and
economic sustainability, in order to achieve benefits not only for society and its citizens,
but also for the environment itself.

Quantitative assessment of geoheritage is now considered essential for the develop-
ment of geotourism and geoeducational activities. In this respect, a number of inventory
and assessment methodologies have been developed to protect and promote geoheritage
and to document its geoeducational and geotouristic value (e.g., [10-21]). These assessment
methods were developed to evaluate the scientific, educational, touristic, and other values
of geosites to determine which types of geosites are the most valuable and can be used as
tourist attractions or for geoeducational activities. These methods differ from each other,
mainly in the criteria they adopt, which in most cases are dependent on the perspective of
each researcher. This results in the quantification of the criteria not being carried out in a
purely objective way, as subjectivity enters, causing distortions in the final results [13,22-33].
For this reason, there is a risk of misinterpretation and misjudgment when the evaluation
is not carried out based on well-documented and objective criteria [34,35]. On the other
hand, there are assessment methods that employ mathematical approaches and models to
provide a more quantitative and multidisciplinary perspective of areas of high geoscientific
interest. In fact, some models consider not only the scientific value that may arise but also
the geoeducational perspective on and potential of these areas [13,22,34—-40].

The main purpose of this article is to assess geosites using two quantitative assessment
methodologies that approach the geoeducational value of a geosite in different ways. The
first method, used by Brilha [17], is considered a general-purpose method (G-P method)
designed to assess any type of geosite, considering a wide spectrum of criteria. This method
emphasizes four parameters: the scientific value (SV) determined by the study area, the
potential educational use (PEU) offered by the potential geosite, the potential tourist use
(PTU), and the risk of degradation (DR) of the area. It is one of the most popular and
applied inventory methods.

The M-GAM (Modified Geosite Assessment Model) developed by Tomi¢ and Bozi¢ [36]
is a combination of the GAM model created by Vuji¢i¢ et al. [41] and the importance factor
(Im) first introduced by Tomi¢ [42] in his research. In this research project, the viewpoints
of visitors were considered during the evaluation process. A survey was used to gather
information. Along with the assessment criteria from Vujic¢i¢ et al. [41], a new element
called the importance factor (Im) was added to the evaluation process. This factor enabled
visitors and tourists to express their thoughts on the significance of each subindicator in
the assessment model. The advantage of this evaluation model is that it incorporates the
perspectives of both experts and visitors [36,37]. This is the first time that this method has
been applied for the evaluation of geosites in Greece.

The ultimate goal is to compare the results of the two methodologies and to decide
which method is most appropriate for determining the educational value of a geosite. The
island of Nisyros was selected as a case study.

The volcanic island of Nisyros is an aspiring geopark, located in the SE Aegean Sea,
in the Dodecanese island complex. It is distinguished from the neighboring islands by
significant geodiversity related to its long and complicated geological history. Particularly
interesting is that in this small region, there are volcanic rocks representing five episodes
of volcanism. Therefore, Nisyros is widely recognized as a geological museum, attracting
many geologists as well as alternative tourists who are awestruck by its wild natural
beauty. Its rich volcanic history, steaming hydrothermal craters, intense smell of sulfur and
fumarolic gases, and hot springs, together with the island’s rich human history, astound
visitors [43].
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2. Materials and Methods
2.1. The Study Area

Nisyros Island is the youngest volcano of the South Aegean Active Volcanic Arc,
which resulted from the subduction of the Eastern Mediterranean lithosphere beneath the
active Hellenic margin of the European plate. It is part of the Kos—Yali-Nisyros Volcanic
Field, which is located on the easternmost edge of the South Aegean volcanic island arc.
(Figures 1 and 2) [43].

“ oy
. W
Mot ¥ i ST o3
4 Se. Columbo ’ i
Santorig = <@ === [
‘ ’ Christiariia » f
B Hellenic arc crati P36 N
\ |

Kargathos

Subduction zone

African plate
0 100 200 km

A : Volcanic Centres of the Hellenic Arc

Figure 1. Location of the Dodecanese complex in the southeastern branch of the South Aegean Active
Volcanic Arc, at the convergence limits of the two lithospheric plates, the Eurasian and the African.
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Figure 2. Satellite photo of the Dodecanese island complex, SE Greece, indicating the location of
Nisyros Island; Inlet: Sketch map of Greece indicating the location of Dodecanese island complex.
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Nisyros has a stratovolcano-like structure formed during the Late Pleistocene-Holocene
period within an ENE-WSW-trending neotectonic graben [44,45]. Its stratigraphy is charac-
terized by intercalations of andesitic lavas with andesitic pyroclastic deposits bound by
feeder systems of sills and dykes of similar composition that can be seen in the cores of
geothermal energy test drillholes (Figure 3). The exposed stratigraphy begins with pillowed
basaltic andesite and pillow breccia and progresses to more felsic volcanism, culminating
in rhyodacitic post-caldera domes [44,46].

Alluvia, coastal deposits
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Caldera deposits
777 Ryodakites of Profitis llias
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[0 Ryolithoi of Nikia
I Lower pumice
B Pyroclastic D
I Lavas D
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Figure 3. Geological map of Nisyros [44], modified.

The recent form of the caldera is a well-defined circular topographic feature with a
diameter of 4 km, with a presently flat caldera floor intercepted by phreatic craters with cliffs
of up to 300 m [43]. The top of the Profitis Ilias (Figure 4) post-caldera dome is the highest
point (698 m) [44,47-50]. The exposed stratigraphy has an age of —160,000 years [49], and
the most recent phreatic eruption occurred in 1867 A.D. [51].

Figure 4. 3D representation of the surface of Nisyros Island, indicating the location of places referred
in the text [52], modified.
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The caldera hosts a well-known hydrothermal-fumarolic field, whose hydrothermal
activity is expressed on the surface by a network of intersecting hydrothermal craters,
located in the southern part of the Lakki plain (Figure 4). These craters are governed by
diffuse degassing structures. [44,53-57]. The most well-known hydrothermal craters are:
Stefanos, Phlegethon, Megalos Polyvotis, and Mikros Polyvotis (Figure 5). [44,53]. The
volcano’s last crater, “Mikros Polyvotis”, was formed in 1887, following the volcano’s
last—so far—hydrothermal explosion.

Figure 5. Satellite photo of the craters [58], modified.

The Nisyros caldera is also particularly noteworthy for the presence of epithermal gold
in the Lofos dome area (82 ppb) and the adjacent Profitis Ilias area (2500 ppb), indicating
the presence of significant hydrothermal circulation phenomena [57].

Various authors have studied the evolution of Nisyros Volcano over the last 160,000 years,
as well as the succession of calc-alkaline lavas and pyroclastic rocks. The first geo-
graphic and geological studies on Nisyros Island were conducted by the Italian geologists
Martelli [51] and Desio [59]. Detailed geological studies began in the late 1960s [60] and
were carried on by Di Paola [49] and Papanikolaou et al. [44]. According to them, the
island’s volcanic history is divided into five stages:

(1) The lower volcanic rocks visible on the northern coast near Mandraki were built up
by an underwater volcano with erupting basaltic and andesitic pillow-lavas;

(2) For more than 100 ka, a 500-700 m high stratovolcano grew on top of these partly
submarine lavas;

(3) Two major rhyodacitic plinian eruptions covered the entire island with pyroclastic
flows and pumice falls after several eruptive phases of gas and steam explosions;

(4) At20 ka BP, a major central, vertical collapse of the volcano left a large caldera; and

(5) The western part of the caldera depression was filled with a series of rhyodacitic
domes during prehistoric times, the highest of which, Profitis Ilias, rises 698 m a.s.l.

For at least 25 ka, no volcanic activity is known to have occurred on the island
following the formation of the domes; the only reported historical explosions are associated
with the formation of several phreatic craters inside the caldera, such as Alexandros,
Polyvotis, Stephanos, Phlegethon, and Achelous, which are still emitting fumaroles. The
most recent hydrothermal eruptions in 1871-1873 and 1887 AD were accompanied by
violent earthquakes, gas detonations, steam blasts, and mudflows [57].

The major distinction in Nisyros” volcanic history is the first period of stratovolcano
formation, which ended with a major eruption (Nikia rhyolites) and caldera formation,
followed by the second period of volcanic dome formation, which disrupted the former
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caldera rim (now observed at about 300 m of elevation) and formed the highest actual
mountain of Prophitis Ilias (698 m). Recent volcanic formations in the submarine area
around Nisyros have created the volcanic centers of Pergousa, Yali, Strongyli, Pachia, and
Kondeliousa (Figure 6) [61,62].

Figure 6. Nisyros and the other smaller island around [63], modified.

After several years of inactivity, an intense seismic activity began at the end of 1995
and lasted until 1998, with the largest event recorded on 27 August 1997, with a Ms of
5.3. [64]. This activity resulted in significant variations in fumarole geochemical parameters
and progressive uplift and E-W extension of the island’s central parts, as well as a possible
magma input at greater crustal depth. [63-65]. This gradual uplift resulted in a large
N-S trending fracture known as the “Lakki rupture” in the caldera’s Lakki plain in early
December 2001 [65].

Due to the volcanic activity, there is a significant risk in the wider area for both residents
and visitors. As a result, the Volcanological Observatory of Nisyros was established with a
suitable and equipped network for monitoring the volcano’s physicochemical parameters.
In this manner, a valid prediction of the volcano’s reactivation can be made in order to take
immediate protective measures.

2.2. Geosites

Nisyros Island hosts numerous interesting geosites, ranging from the enormous vol-
canic craters of the caldera and the thermal springs to the volcanic islets that surround
it. The island’s landscape is home to a diverse range of magnificent volcanic landforms
shaped by natural processes, where visitors can experience the immense power of volca-
noes. All the geosites provide accessibility to enjoyable recreation activities. In addition
to the fumarolic activity found in the well craters, gas escape is also observed along the
active tectonic zones that intersect the island. Thermal springs with temperatures ranging
from 27° to 43 °C are situated near the coast. Isotopic analysis of Nisyros thermal water
samples revealed a mixture of seawater, magmatic water, and geothermal steam, as well as
the possibility of groundwater and/or meteoric water involvement.

In this study, five geosites were selected (Figure 7). Each geosite has been labeled with
an ordinal number and the letters “GS”.
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Figure 7. 3D representation of Nisyros Island, indicating the location of the studied geosites [57], modified.

GS1—Stefanos Crater (Figure 8a,b): With dimensions of 260 x 350 m, the elliptical
Stefanos Crater is one of the world'’s largest phreatic craters. Its shape appears to be the
result of two main NE-trending active faults characterized by an alignment of fumarolic
vents. The crater has a maximum depth of 27 m. The age of the crater’s formation is unclear.
On the eastern walls of Stefanos, seven stratigraphic layers have been recognized: talus
of magmatic lithics, epiclastics and fine argillitic layers, fine-grained lacustrine deposits,
solid deposits of explosive compounds generated by the Kaminakia craters, deposits from
Stefanos” explosion, and a thin coating of explosive products from Polyvotis are among
them. The surrounding area of the crater of Stefanos is characterized by intense and
spectacular activity, which is due to the release of gases with a temperature of 100 °C.
The gases consist of water vapor and carbon dioxide. Hydrogen sulfide, nitrogen, and
methane are released at a smaller rate of about 0.5% [57,66-68]. It is worth noting that
amorphous sulfur crystals are deposited at the mouths of the holes from the gas outlet,
while the liquefied water vapor irrigates the surrounding soil with dilute sulfuric acid, due
to the dissolution of hydrogen sulfide in the steam. Stefanos crater favors the concentration
of gases due to its elliptical shape (260 x 190 m). Therefore, it has been observed that in
periods of volcanic activity and intense hydrothermal vents, large amounts of gases are
released and seismic events occur, which in turn cause landslides.

The characteristic strong and not-so-pleasant smell that exists in the surrounding area
is due to the existence of hydrogen sulfide, which even in infinitesimal concentrations is
felt by every visitor.

GS2—Megalos Polyvotis (Figure 8a): Megalos Polyvotis was formed because of the
Lofos area’s first and most powerful hydrothermal explosive cycle. It is an elliptical (180 x
350 m) crater with 3-5 m thick ejecta that is partly covered by products originating from
Flegethron or Alexandros crater (Figure 8c), which is a large elliptical-shaped crater that
occupies the southeastern part of the area, intersecting with Megalos Polyvotis, from a
later event. The crater’s material is made up of altered lava fragments and rhyodacitic
blocks in a clayey-to-sandy matrix. The lava blocks are surrounded by brown-reddish
oxide coatings and cut by anhydrite veins. Its stratigraphy is like that of Stefanos, with
lacustrine sediments and unconsolidated clay material at the bottom and chaotic ejecta
of earlier magmatic products at the top. After heavy rainstorms, the western sector of
the crater floor usually turns into a lake, and it is composed of 1.5 m-thick yellow- and
purple-colored varved clayey layers, indicating the past presence of a lake.

GS 1 and GS 2 strongly differ in their morphological characteristics. The crater of
Stefanos (GS1) creates a negative relief, whereas the crater of Polyvotis (GS2) creates a
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positive one. The positive relief of Polyvotis is probably due to the existence of ridges
from the adjacent post-caldera structures, which are located around the perimeter of this
crater along with the materials from the well explosions. The deposits of Stefanos and
Polyvotis craters consist mainly of clay materials that inhibit the deeper penetration of
water, resulting in the retention of rainwater, leading to an increase in soil moisture. The
simultaneous vapor activity results in the formation of small craters of hot mud.

CANYPIIAY
SAEBA YSAILTEIOY
JO MEPOI AYTO EXEI MPEaN
[ To 12l ARG TON MATIFA
10AMNH & 8IAKOTIOPTH
ofloY KAl To EETISE
IHMIFA To KTRINA AYTO
AMHEII ITOM TIANTEAH

kAl TO9]A EOKKINOY

1

S Natural sauna in the area
 of Emporios village

Figure 8. Geosites of Nisyros Island: (a) the Stefanos and Polyvotis craters, (b) the Stefanos crater,
(c) the Alexandros crater, (d) the Piria hot spring, (e) natural hot spring of Emporios, and (f) Panagia
Thermiani thermal spring.
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GS 3—thermal spring of Pyria (southern part of the island, Figure 8d): In 1841, during
a visit to the island by the German archaeologist Ludwig Ross from 9-11 August, he
described and depicted several areas with hydrothermal activity. In particular, he states
that in Pyria (Arodafnes area), a great heat is exuded, probably due to the strongly cracked
southern slopes of the caldera of the island. In fact, these cracked areas appear along the
rupture zone that runs in a SW-NE direction [43,44]. In its original form, the thermal spring
included a stone building complex with 5-6 chambers. Today, only the chamber where
natural steam at a temperature of 4045 °C is released is intact and in good condition. The
source is still used by locals and visitors for the same purpose.

GS4—thermal spring of Emporios (Figure 8e): This is located at the entrance of the
settlement of Emporios (northeast of the island) and exhibits temperatures between 36
and 40 °C. This phenomenon is due to the cracked zone (NE) that exists in contrast to
other systems [44]. In addition, it shows a divergent direction compared to the other fault
systems (south, west, and east sides of the island), resulting in the transport and circulation
of hydrothermal fluids in several cases [43]. In fact, the length of the fault throw created
by the faults in these areas in places reaches up to 100 m; therefore, it is perceived that
this location is inextricably linked to geothermal interest [44]. As a result, in this small
chamber, the diffusion of heat is perceived as well as the sulfur that is perceived (yellowish
appearance on the surface of the rocks) on the inner surface of the space.

GS5—thermal spring of Panagia Thermiani: This water spring is located in the north-
ern part of the island (near the settlement of Paloi), next to the small church of Panagia
Thermiani (Figure 8f). Thermiani is one of the Nisyros thermal springs that have been evi-
denced since antiquity. Roman baths have been found there, at least ruins and inscriptions
proving their past glory. In 1889, a doctor named Pantelis Pantelidis operated a medical
unit in which he exploited the water that gushed from this source. The high salinity of
this spring may be due to the underground circulation of water in pyroclastic formations,
as well as to geological structures that reveal fault zones. The spring is affected by the
infiltration of seawater; therefore, there is an admixture of several minerals and various
meteoric components, since a perpetual interaction is observed between the sources and the
specific geological formations. The source is rich in SO4?~, Mg?*, C1~, and HCO?. Water
here is a mere 33 degrees, but it is equally refreshing and healing.

This spring is due to the geothermal activity of the island as well as to the northern
ruptured zone that exists [68-72].

2.3. Methodology

In this study, two methods of geosite assessment were applied. The first method
is the general-purpose method of Brilha [17] (G-P method). This method was chosen
due the broad criteria that allow the evaluation of any type of geosite and have been
applied in several studies. It provides a quantification proposal consisting of four factors:
scientific value (SV), potential educational use (PEU), potential touristic use (PTU), and
degradation risk (DR). The quantitative evaluation of the scientific value (SV) of a geosite
includes the following seven criteria: representativeness, key locality, scientific knowledge,
integrity, geological diversity, rarity, and use limitations. The first term refers to a geosite’s
potential to highlight a geological process or a variety of features. The term “key locality”
corresponds to the geosite’s significance as a reference point for various geological features.
If there are national or international publications, “scientific knowledge” plays an important
role. “Integrity” denotes the geosite’s conservation status. The term “geological diversity”
corresponds to the quantity of different geological elements found in each geosite. The
term “rarity” is used to explore whether there are geosites with similar characteristics in
the same area. Finally, the term “use limitations” refers to the obstacles and limitations that
may make research and study of the geosite difficult.

Regarding the quantitative assessment of the educational potential use (PEU), twelve
criteria are estimated: vulnerability of a geosite, its accessibility, use limitations, safety,
logistics, density of population, association with other values, scenery, uniqueness, obser-
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vation conditions, and didactic potential. The vulnerability is centered on the presence of
geological elements that can be affected by visitors. Beyond that, this method investigates
the accessibility of the geosite, including the use limitations if there are any. Furthermore,
the status of safety and the potential facilities that could be provided are investigated. In
addition, the population density and the association of the geosite with other values such
as cultural, aesthetic, and so on are determined. The method is then based on the scenery of
the area and its uniqueness. Furthermore, the observation conditions and didactic potential
are investigated.

For the quantitative assessment of the geotouristic potential (PTU), 13 criteria are used,
the first ten of which are similar to those used for educational purposes, and the remaining
three of which take into account the interpretative potential, the economic level of the
people who live in the area, and the proximity of recreational areas.

Each of the criteria was assigned a score from 1 to 4, with 1 indicating a low possibility
of use and 4 indicating a high possibility of use for SV, PEU, and PTU.

The degradation risk (DR) refers to the possibility of a geosite being damaged or de-
stroyed, i.e., losing any of the characteristics that make it valuable as a geosite [29,30,73,74].
Finally, five criteria for evaluating and quantifying degradation risk (DR) are considered:
deterioration of geological elements, proximity to areas/activities with potential to cause
degradation, legal protection, accessibility, and population density.

Weighing criteria are used to complete the geosite quantification process. Weights
were applied to each of the quantification criteria based on their importance in order to
examine the potential for scientific, educational, and tourist use. Weights are also assigned
to each of the criteria based on their importance in assessing the degradation risk of geosites.
The weights used in this study are according to Brilha [17] and are shown in Table 1.

According to G-P method categorization, the geosites can be classified as having a low,
medium, or high degradation risk based on the criteria.

Regarding the second method, M-GAM (Modified Geosite Assessment Model), this
originated from the differentiation of the GAM method introduced by Vujici¢ et al. [41].
The method is based on previous geosite assessment methods modified by Tomié¢ and
Bozi¢ [36] and applied by several scientists [75-85]. The innovation of this method is that it
considers the opinion not only of experts but also of visitors to a specific geological area. As
a result, M-GAM is used to assess the scientific, educational, and tourist value of a geosite
while also assessing the visitors’ point of view, regardless of their geological knowledge
background. However, it should be mentioned that in the present method, the evaluation
is done with a mathematical model, so that there is an equal estimation of both methods,
without affecting each other.

In this method, two main components are considered, the main values (MV) and the
additional values (AV). The main values are divided into 12 criteria and the additional
values into 15. The main values consider the abiotic characteristics of a geosite, while the
additional values mostly concern the human activities carried out in relation to each geosite.

The following three aspects are included in the main values: scientific/educational
value (VSE), scenic/aesthetic value (VSA), and protection (VPr). The following character-
istics are included in the VSE field: rarity, representativeness, scientific issue knowledge,
and interpretation level. The following aspects are included in the VSA field: viewpoints,
surface, surrounding landscape and nature, and environmental fit, meaning contrast to
the nature, contrast of colors, appearance of shapes, etc., of site. Finally, the following
factors are involved in the VPr field: current condition, protection level, vulnerability,
and appropriate number of visitors. The main values are estimated using the following
equation: MV = VSE + VSA + VPr.

The additional values comprise two parameters: functional values (VFn) and touristic
values (VTr). The estimation of the additional values is computed from the equation
AV =VFn + VTr.
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Table 1. Calculation of the final scores in the G-P method.
Factors Criteria
Representativeness 30 X score
Key locality 20 X score
Scientific knowledge 5 X score
Scientific Value (SV) = SUM of the criteria Integrity 15 X score
Geological diversity 5 X score
Rarity 15 X score
Use limitations 10 x score
Vulnerability 10 X score
Accessibility 10 x score
Use limitations 5 X score
Safety 10 x score
Logistics 5 x score
Educational Potential Use (PEU) = SUM of the criteria Dgnglty of.populatlon > x score
Association with other values 5 X score
Scenery 5 x score
Uniqueness 5 X score
Observation conditions 10 x score
Didactic potential 20 x score
Geological diversity 10 x score
>Vulnerability 10 X score
Accessibility 10 X score
Use limitations 5 X score
Safety 10 x score
Logistics 5 X score
Density of population 5 X score
Tourism Potential Use (PTU) = SUM of the criteria Association with other values 5 x score
Scenery 15 x score
Uniqueness 10 X score
Observation conditions 5 X score
Interpretative potential 10 x score
Economic level 5 X score
Proximity of recreational areas 5 X score
Deterioration of geological features 35 X score
Proximity to areas/activities with potential to 20 x score
Degradation Risk (DR) = SUM of the criteria cause degradation
Legal protection 20 X score
Accessibility 15 X score
Density of population 10 x score

As previously stated, this method takes into account the visitors” viewpoint. This is in-
corporated in the importance factor (Im), which is independently assessed by the visitor for
each field (rarity, representativeness, etc.) and multiplied by each corresponding subindica-
tor (which is given by experts). In our study, we relied on Tomi¢ and Bozi¢’s [36] research
for the importance factor, which has values including 0.00 (not at all important), 0.25 (not
quite important), 0.50 (neither insignificant nor important), 0.75 (a little important), and
1.00 (quite great importance). The importance factor is defined by the following formula:

_ Zszl Ivk

I
" K

where [vk is the evaluation/score of each visitor for each field (field-subindicator), and K is
the final number of visitors.

Following in the footsteps of Anti¢, Tomi¢, and Markovi¢ [37], who used the data and
results of Bozi¢ and Tomi¢ [86] in a geosite assessment survey, we used the importance
factor values from the same publication of BoZi¢ and Tomi¢ [86].
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The final results coming out from this method are depicted in a diagram, where
the 12 categories studied in the main values are placed on the vertical axis, while the
15 categories of additional values are placed on the horizontal axis. Furthermore, this
diagram is divided into 9 fields, which are as follows: starting from the beginning of the
axes and referring to the x-axis in the fields Z11, Z21, and Z31; moving up to the y-axis in
the fields 212, 722, 723; and finally, the fields Z13, Z23, and Z33. Each study area’s final
score is represented by the diagram.

For the better and more objective comparison of the two methods of evaluation of the
educational potential of the study areas, the results were reduced to a percentage scale (%).
This process resulted in a disparity between the results of the two evaluation methods. In
the context of our research, this reduction was made only for the educational value, since
the objective of our study is the evaluation of the geoeducational potential of the geological
heritage. More specifically, the maximum possible value by which a study area can be
evaluated in the G-P method is 400. As a result, all scores are reduced to a scale with a
maximum value of 100. Similarly, the M-GAM method, which can have a maximum effect
value in the Z33 region, follows the same approach. When the horizontal axis (Main Values)
is marked with the value 12 and the vertical axis (Additional Values) is marked with the
value 15, the maximum possible distance from the beginning of the axes is achieved. The
following formula is used to calculate the distance of a point from the beginning of the axes

to the plane: d = vV MV? + AV? (Figure 9).

5 213 223 233

14

10
712 2 223 d=vVMVZ 4+ AV?2

Additional Values

1 221 231
1 2 38 4 &5 -® 7 8 9 10 1 12

Main Values

Figure 9. Maximum potential distance from the origin 0 (0,0).

In our study, there is a maximum possible value for MV = 12 and AV = 15:

oy = V122 +152 2 19.2

Finally, the results are converted to a percentage. As a result, size comparisons on a
single scale are possible.

The two aforementioned methods were chosen for two primary reasons. The G-
P method is a quantitative evaluation purely for educational purposes, with a set of
12 criteria, each with its own corresponding weight in the final evaluation. As a result, this
method approaches a mathematical result with greater objectivity in order to ultimately
determine whether the geosite is of educational interest. Second, the M-GAM method
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is groundbreaking in that it incorporates public opinion into mathematical calculations,
allowing the scientific community to discern citizens’ perspectives as well as perspectives
that may not have been considered previously.

3. Results

The results of the quantitative assessment of educational use value are described below.

3.1. The General-Purpose Model—G-P Method
The results of this method are shown in Tables 2-6.

Table 2. Quantitative evaluation of geosites for scientific value (SV).

Craters Natural Sauna Points Thermal Spring

Scientific Criteria Weight Stefanos Polyvotis Emporios Piria T}’lanagla .

ermiani
Representativeness 30 3 3 2 2 2
Key locality 20 2 2 2 1 2
Scientific knowledge 5 4 4 2 2 2
Integrity 15 4 4 4 4 4
Geological diversity 5 4 4 2 2 2
Rarity 15 3 3 2 2 2
Use limitations 10 4 4 4 4 4

Total score 315 315 250 230 250
High High Moderate Moderate Moderate

<200 Low, 201-300 Moderate, >301 High [87].

Table 3. Quantitative evaluation of geosites for educational potential use (PEU).

Craters Natural Sauna Points Thermal Spring

Educational Criteria Weight Stefanos Polyvotis Emporios Piria Panagla .

Thermiani
Vulnerability 10 4 4 4 4 4
Accessibility 10 4 4 4 1 4
Use limitations 5 4 4 4 4 4
Safety 10 3 3 3 3 3
Logistics 5 4 4 4 4 4
Density of population 5 3 3 3 3 3
Association with other values 5 4 4 3 3 4
Scenery 5 4 4 3 3 3
Uniqueness 5 4 3 4 4 4
Observation conditions 10 4 3 4 4 4
Didactic potential 20 4 4 2 2 2
Geological diversity 10 4 4 2 2 2

Total score 385 370 315 285 320
High High High Moderate High

<200 Low, 201-300 Moderate, >301 High [87].

The application of the G-P method shows that no area has a low scientific value, and
in fact, two of them have a fairly high score (>301). Studying the educational potential of
the areas, it is found that all sites present high scores, except for the geosite of Piria, which
presents a moderate score (201-300). In terms of potential tourist use (PTU), it is observed
that all geosites present high scores, which indicates the strong geotouristic dynamic of
these places. Finally, checking the risk of degradation, it is found that all geosites have a
low score, except for Emporios, which shows a moderate score (201-300).
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Table 4. Quantitative evaluation of geosites for tourism potential use (PTU).

Craters Natural Sauna Points Thermal Spring

Touristic Criteria Weight Stefanos Polyvotis Emporios Piria Panagla .

Thermiani
Vulnerability 10 4 4 4 4 4
Accessibility 10 4 4 4 1 4
Use limitations 5 4 4 4 4 4
Safety 10 3 3 3 3 3
Logistics 5 4 4 4 4 4
Density of population 5 3 3 3 3 3
Association with other values 5 4 4 3 3 4
Scenery 15 4 4 3 3 3
Uniqueness 10 4 3 4 4 4
Observation conditions 5 4 3 4 4 4
Interpretative potential 10 4 4 4 4 3
Economic level 5 2 2 2 2 2
Proximity of recreational areas 5 4 4 4 3 4

Total score 375 3§O 355 325 350
High High High High High

<200 Low, 201-300 Moderate, >301 High [87].

Table 5. Degradation risk evaluation of geosites.

Craters Natural Sauna Points Thermal Spring
Scientific Criteria Weight Stefanos  Polyvotis Emporios Piria Panagia Thermiani
Deter}oratlon of 35 1 1 5 1 1
geological features
Proximity to
areas/ ac.t1V1t1es with 20 1 1 4 1 4
potential to cause
degradation
Legal protection 20 2 2 2 4 2
Accessibility 15 4 3 4 1 4
Density of population 10 3 3 3 3
Total score 185 170 280 180 245
Low Low Moderate Low Moderate

<200 Low, 201-300 Moderate, >301 High [17,87].

Table 6. Final scores for G-P method.

Val Craters Natural Sauna Points Thermal Spring
alues
Stefanos Polyvotis Emporios Piria Panagia Thermiani
Scientific 315 315 250 230 250
value High High Moderate Moderate Moderate
Educational 385 370 315 285 320
value High High High Moderate High
Tourism 375 360 355 325 350
value High High High High High

3.2. The M-GAM Method

The application of the M-GAM quantitative evaluation method (Tables 7 and 8) reveals
a corresponding picture of the results. In more detail, the geosite of Piria shows the lowest
overall scores, whereas the craters of Stefanos and Polyvotis have the highest scores. These
two geosites highlight important geoeducational elements, particularly magmatogenesis
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and the formation of geothermal fields. Remarkable scores also appear in the thermal water
springs of Panagia Thermiani (GS5), Emporio (GS3), and Piria (GS4), where heat diffusion
from the inside of the earth occurs due to the intense fault zones. Therefore, it can be said
that the two methods show a fairly remarkable correlation. Moreover, this method may not
take into account many parameters, but it includes, in addition to the opinion of experts,
the opinion of visitors and the public.

Table 7. Calculation by M-GAM method of geosites [36,86].

M-GMAM Method

Values Given by Experts Total Value (with Im Factor)
Natural Sauna Thermal Natural Sauna Thermal
Craters . . Craters . .
Points Spring Points Spring
Panagia Panagia
Stefanos Polyvotis Emporios  Piria Ther- Im Stefanos Polyvotis Emporios  Piria Ther-
miani miani
Main Values (MV)
Scientific/educational value (VSE)
1. Rarity 0.75 0.75 0.5 0.5 0.25 0.89 0.6675 0.6675 0.445 0.445 0.2225
2. Representativeness 0.75 0.75 0.5 0.5 0.25 0.79 0.5925 0.5925 0.395 0.395 0.1975
3. Knowledge of 1.00 1.00 05 05 05 0.45 045 045 0.225 0.225 0.225
scientific issues
4. Level of interpretation 0.50 0.50 0.25 0.25 0.25 0.85 0.425 0.425 0.2125 0.2125 0.2125
Scenic/aesthetic (VSA)
5. Viewpoints 0.75 0.75 0.5 0.25 0.50 0.79 0.5925 0.5925 0.395 0.1975 0.395
6. Surface 1.00 1.00 0.5 0.50 0.50 0.54 0.54 0.54 0.27 0.27 0.27
7 S“m’undgjﬁé‘dscape and 1.00 1.00 075 0.75 050 095 095 0.95 07125 07125 0475
8. Environmental fitting 1.00 1.00 05 0.50 0.50 0.68 0.68 0.68 0.34 0.34 0.34
of sites
Protection (VPr)
9. Current condition 1.00 1.00 0.50 0.50 0.50 0.83 0.83 0.83 0.415 0.415 0.415
10. Protection level 0.75 0.75 0.25 0.25 0.25 0.76 0.57 0.57 0.19 0.19 0.19
11. Vulnerability 1.00 1.00 0.50 0.50 0.50 0.58 0.58 0.58 0.29 0.29 0.29
12. Suitable number of visitors 1.00 1.00 1.00 1.00 1.00 0.42 0.42 0.42 0.42 0.42 0.42
Additional values (AV)
Functional values (VFn)
13. Accessibility 1.00 1.00 1.00 0.25 1.00 0.75 0.75 0.75 0.75 0.1875 0.75
14. Additional natural values 0.75 0.75 0.75 0.50 0.50 0.71 0.5325 0.5325 0.5325 0.355 0.355
15. Add‘tlorv‘z{jghmpogemc 0.75 0.75 0.50 0.25 0.50 0.70 0525 0525 0.35 0.175 0.35
16. Vicinity of emissive centers 0.00 0.00 0.25 0.00 0.00 0.48 0.00 0.00 0.12 0.00 0.00
17 Vicinity of important road 025 0.25 0.25 0.00 0.25 0.62 0155 0155 0155 0.00 0.155
18. Additional functional values 0.50 0.50 0.50 0.00 0.50 0.59 0.295 0.295 0.295 0.00 0.295
Touristic values (VTr)
19. Promotion 0.50 0.50 0.25 0.25 0.25 0.85 0.425 0.425 0.2125 0.2125 0.2125
20. Organized visits 1.00 1.00 1.00 0.00 0.75 0.56 0.56 0.56 0.56 0.00 0.42
21. Vicinity of visitors’ centers 0.5 0.50 0.50 0.50 0.50 0.87 0.435 0.435 0.435 0.435 0.435
22. Interpretative panels 0.25 0.25 0.25 0.00 0.00 0.81 0.2025 0.2025 0.2025 0.00 0.00
23. Number of visitors 0.75 0.25 0.25 0.25 0.25 0.43 0.3225 0.1075 0.1075 0.1075 0.1075
24. Tourism infrastructure 0.75 0.75 0.50 0.00 0.25 0.73 0.5475 0.5475 0.365 0.00 0.1825
25. Tour guide service 0.25 0.25 0.00 0.00 0.00 0.87 0.2175 0.2175 0.00 0.00 0.00
26. Hostelry service 0.5 0.50 0.50 0.50 0.50 0.73 0.365 0.365 0.365 0.365 0.365
27. Restaurant service 1.00 1.00 1.00 0.50 0.75 0.78 0.78 0.78 0.78 0.39 0.585

Table 8. Final results of the application of the M-GAM method.

Geosite Main Values Additional Values
VSE + VSA + VPr SUM VFn + VTr SUM Field Area
Stefanos crater 2.135 +2.7625 + 2.4 7.2975 2.2575 + 3.855 6.1125 722
Polyvotis crater 2135 +2.7625 + 2.4 7.2975 2.2575 + 3.64 5.8975 722
Emporios (natural sauna) 1.2775 + 1.7175 + 1.315 431 2.2025 + 3.0275 5.23 722
Piria (natural sauna) 1.2775 + 1.52 + 1.315 41125 0.7175 + 1.51 2.2275 721

Panagia Thermiani (thermal spring) 0.8575 +1.48 + 1.315 3.6525 1.905 + 2.3075 4.2125 Z11
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In more detail, the M-GAM method shows the highest scores for the two craters of
Stefanos (GS1) and Polyvotis (GS2), respectively. Also, these two sites are geosites that
highlight important geoeducational elements, especially the processes of magmatogenesis,
creation, and deposition of geological formation, as well as hydrothermal vapors. In
addition, with the second method, remarkable scores appear in three other sites: the
thermal water springs of Panagia Thermiani (GS5), Emporio (GS3) and Piria (GS4), where
the diffusion of heat from the inside of the earth occurs due to the intense fault zones.
Therefore, from a geoeducational point of view, the public can be informed about the
importance of fault zones and how more superficial geological formations can be affected.
Therefore, students and visitors can understand in practice how the earth works internally
and what effects it has. In addition, through the geosite of Panagia Thermiani, the meaning
and significance of the hydrological cycle of water can be even better understood, since
meteoric water and groundwater are united and influenced by endogenous forces, resulting
in being warmer.

The diagram below (Figure 10) depicts the method’s final results (Table 8). In terms
of results, field Z22 contains three of the five areas investigated. In terms of geological
peculiarities, these three areas share values and characteristics. Fields Z11 and Z21 each
host one region with the lowest score when compared to the other three.

213 223 233
Stefanos crater (7.9275 — 6.1125)
@ Polyvotis crater (7.9275 — 5.8975)
¢ [z 222 723 Emporios natural sauna (4.31 - 5.23)
s @ Piria natural sauna (4.1125 — 2.2275)
g ® Panagia Thermiani (3.6525 — 4.2125)
§ Stefanos (crater) thermal spring
< ® Polyvotis (crater)
@ Emporios (natural sauna)
hnagia Thermiani (thermal spfing)
|® Piria (natural sauna)
Z11 Z21 Z31

Main Values

Figure 10. The display of results from the M-GAM method.

4. Discussion
Comparative Analysis

“Telling the geological story of a protected area is the equivalent of telling people about
a slice of Earth’s history,” writes Tormey [88]. In this sense, a site with significant geological
and geomorphological features and processes must have educational value in order to
help increase knowledge about dynamic phenomena that occur on the earth’s surface on a
continuous basis. The educational value of a specific geoheritage site will also aid in the
conservation of natural resources, which is one of the key principles of Geotourism. The
evaluation of educational value typically assesses the representativeness of the features or
processes, exemplarity, and educational usage of the specific geoheritage site.

The goal of this study was to assess the geoeducational potential of five habitats on
the volcanic island of Nisyros” aspiring geopark by employing two different methods,
each with a different philosophy, comparing the results, and exploring the limitations
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that may be contained in each. The general-purpose Model (G-P method) was chosen
because it examines a wide range of fields that are clearly graded and evaluated in terms
of geoeducational potential. The M-GAM method, on the other hand, takes into account
the opinions of visitors who, as non-experts, express a different point of view that is rarely
calculated or evaluated in different geosite assessment methods.

The results were reduced to a percentage scale (%) for a better and more objective
comparison of the two methods of evaluating the educational potential of the study areas.

Table 9 displays the final results obtained from applying the methods, based on
the grading scale for the geoeducational value of the respective geosites studied. In
addition, the final score is recorded after the results have been converted and reduced to a
common scale.

Table 9. Final results after the application of the two methods and after reduction to a common scale.

G-P . .
. Method—Final M-GAM Method—Final Score of Conversion to a Conversion to a
Geosites Score of Education Use Percentage for Percentage for
. G-P Method M-GAM Method
Education Use
Main Value Additional Value

GS1-Stefanos crater 385 7.2975 6.1125 96.25 49.53
GS2-Megalos Polyvotis crater 370 7.2975 5.8975 925 48.85
GS3-Thermal spring of Pyria 315 4.31 523 78.75 35.26
GS4-Thermal spring of Emporios 285 41125 2.2275 71.25 24.32
GS5-Thermal spring of 320 3.6525 42125 80.00 29.01

Panagia Thermiani

According to the results shown in the table above, there is great difference in the
values obtained by the application of the two evaluation methods. The first G-P method
clearly highlights the high geological value of the studied geosites, which have a relatively
high score and can be used for geotourism and geoeducation. Because it considers more
fields and criteria, the G-P method more accurately testifies to and captures the dynamics
of an area with strong geological features. This is accomplished by providing a more
positive assessment and emphasizing both geographical and geoenvironmental value, both
of which can be demonstrated to the general public through geoeducational activities.

The second method, on the other hand, yields a moderate score in areas with ob-
jectively high geological value. This is evidently becaause this method considers the
opinions of visitors who do not have the necessary cognitive geological background, thus
underestimating the importance and potential of certain geological features due to lack of
formal training.

As a result, the comparison of the two methods reveals that the G-P method ne-
cessitates more parameters (12) to document the geoeducational value of the sites and
approaches the geoeducational dimension of places of high geological interest in a broader
and deeper manner. The second method, on the other hand, may not take into account as
many parameters, but it does include, in addition to the opinion of experts, the opinion of
visitors and the general public.

However, both assessment methods used in the current study clearly demonstrated
that the geoeducational potential of the selected geosites can be developed. The G-P method
clearly highlights the geoeducational potential of each geosite, because it includes didactic
potential as a separate field in its analysis and gives it a special emphasis. It reveals that
utilization is possible even at the highest educational level. As a result, the magnitude of the
educational value and perspective became more understood, encouraging geoeducational
activities aimed at primary, secondary, and higher education.

On the other hand, the low scores for the geoeducational potential of these geosites
obtained using the M-GAM method are due to the inclusion of visitor feedback. The general
public, who lacks sufficient geological knowledge, cannot comprehend the educational
perspective and potential of a region with strong geological features. The lack of geoeduca-
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tional knowledge in culture becomes apparent, and the need for geoeducational activities
to be implemented is identified. This will result in the dissemination and promotion of the
geoheritage value of areas of high geological importance.

5. Conclusions

The island of Nisyros is undoubtedly a living geological laboratory, in which there are
huge possibilities and prospects for the development of mainly geoeducational activities. In
fact, the various geoeducational programs that can be implemented in the field will be able
to contribute to the dissemination and promotion of geoeducation at various educational
levels. In this way, issues such as geoheritage, geoethics, and geoconservation will become
more understandable to each visitor and clear to the local community.

The two different methods implemented in this study could improve further eval-
uation of the geoeducational potential of five geosites located around the caldera of the
volcanic island of Nisyros.

The first method, used by Brilha [17], is considered a general-purpose method (G-P
method) designed to assess any type of geosite, considering a wide spectrum of criteria.
The inclusion of 12 criteria for assessing the geoeducational value of studied geosites
leads to more objective results. On the other hand, the M-GAM method incorporates
the perspectives of the public, which in the present study clearly illustrates the lack of
geoenvironmental awareness and knowledge.

The two methods provide different perspectives on the geoenvironmental value of a
given geosite.

The first method addresses the geoeducational dimension of places of high geological
interest in a broader and more in-depth way. The second method, while not taking into
account as many parameters, does include the opinion of visitors and the general public.

For the most comprehensive evaluation of the geoeducational perspective on a geosite,
the combination of the two aforementioned methods is considered necessary.
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