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Abstract

Cultural landscapes were developed as a result of continuous interaction between nature and human culture. During their
evolution, the geodiversity was also considerably influenced by human activities. Recently, geoheritage studies have become
more sensitive towards man-made cultural landmarks. In this paper, we explore a methodology to compile a regional inventory
for a historic mountainous cultural landscape with remarkable geological, volcanological, and mining heritage in Tokaj Mts, (NE
Hungary). The databases of the natural and cultural heritage contribute to the extension of regional inventories with a large
number of geodiversity-related records. The specific selection procedure with a combination of GIS and fieldwork assessment
resulted in the final list of potential sites. The applied three stage classification forms a basis for territorial analysis. The selected
60 geosites of 700 km? represents well the geological history of the study area, while another 160 geodiversity and geocultural
sites emphasize further enhancement of natural and cultural diversity. The functional classification referring to the physical nature
of the sites was useful to define specific conservation management priorities. The thematic grouping of the sites defined new
interpretation possibilities for geotourism and geoeducation taking into account volcanological, geomorphological, and mining
heritage values.
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Introduction

The concept of geodiversity, involving abiotic elements of the
environment in nature conservation emerged as a scientific
topic in the last decade of the twentieth century (Sharples
1993, 2002; Gray 2004, 2008). The first strictly geological
meaning expanded, and today geodiversity is commonly
regarded as the natural range of geological (rocks, minerals,
fossils, basic profiles), geomorphological (landforms, process-
es), hydrological, and soil features (Gray 2004). Geoheritage
refers to in situ occurrences of geodiversity features (Brilha
2016). Human activities have a considerably effect on
geodiversity. The so-called cultural landscapes were devel-
oped as a result of continuous interaction between nature
and humans and reflects on the cultures which created them
(International Council on Monuments and Sites 2008;
Mitchell et al. 2009; Li et al. 2019). Cultural landscapes
evolved over time spanning thousands of years of history.
Their heritage comprises tangible (movable and immovable)
and intangible elements (Gordon 2018a). Immovable tangible
components include anthropogenic landforms, historic, indus-
trial, and cultural buildings providing important resources for
geoconservation. Although, movable features (fossils, sculp-
tures) are also important. Based on this, heritage is a complex
concept (Coratza and Hobléa 2018) depending on the society
that attributes importance for conservation and transmission to
future generations (Reynard and Giusti 2018).

Systematic site inventories are based on scientific, acsthet-
ic, protection, and touristic relevance of geoheritage elements
(Fuertes-Gutierrez and Fernandez-Martinez 2012; Rolfo et al.
2015; Brilha 2016; Poiraud et al. 2016; Zangmo et al. 2020).
Despite the fact that these studies deal with geosite inventory
and assessment, too little attention has been paid to the eval-
uation of cultural landscape diversity as yet (Coratza et al.
2016; Gordon 2018a, b). The recent review of inventories
(Brilha 2016) proposed a new methodological approach for
defining geosites as those that have pure scientific value, and
those geodiversity sites that exhibit educational or geotourism
or cultural identity values. This approach however leaves a
significant amount of geodiversity-related objects without
classification. Cultural geomorphology studies (Carreras and
Druguet 1999; Reynard and Giusti 2018) identified material
and immaterial elements of cultural landscapes and defined
geocultural sites where the geological features interact with
cultural elements. Although these provide a good methodo-
logical basis for processing special cultural landscapes, few
detailed case studies are available in the literature (e.g., Migon
and Latocha 2013; Szepesi et al. 2017; Kubalikova 2019)

Our study was conducted in the northern part of Tokaj
Mountains (NTM, Fig. 1) located along the Hungarian—
Slovakian border in Central Europe. The mountain range is
a special mountainous cultural landscape characterized by its
historical, mining—industrial, and agricultural (forestry)
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traditions. The study area was subject of a former geological
and a recent volcanological mapping and a complete
settlement-based database of “unique landscape value”
cadaster (MSZ 20381:2009; for explanation, see the supple-
mentary material) was also provided for the area. This cadaster
is widely used in Hungarian landscape conservation practices
because of its special relevance to the natural and anthropo-
genic values of cultural landscapes. Here, we demonstrate that
the above-mentioned field surveys are appropriate for the
compilation of a comprehensive preinventory and the estab-
lishment of a sound geosite selection procedure. Finally, we
propose a detailed classification of cultural landscape
geodiversity using a methodological, functional and thematic
approach. The schemes are suitable for defining
geoconservation strategies and spatial planning policies in
geoconservation, geotourism, and geoeducation.

Cultural Landscape of the Tokaj Mountains

Tokaj Mountains (TM) is located in the northeastern part of
Hungary as the last member of a medium height mountain
zone along the Hungarian—Slovakian border, covering ap-
proximately 1100 km?. The southern part of TM is composed
of the Tokaj Wine Region Historic Cultural Landscape (Fig.
1), a gentle sloping hilly, agricultural area which was declared
as a UNESCO World Heritage Site in 2002 (Szepesi et al.
2017). In contrast, the northern part is a mountainous area with
forestry and historical industry (Fig. 2). The whole mountain
is mainly built up by Miocene volcanic rocks. Pleistocene
river sediments deposited only along the valleys bordering
the mountains (Fig. 1) at the east (Bodrog) and west
(Hernéad). The study area encompasses only the northern part
of the Tokaj Mountains (NTM), stretching north to the
Slovakian border including 44 settlements with an area of
700 km?. From nature conservation point of view only one
third of the study area (Fig. 1) overlaps the Zemplén
Landscape Protection Area (Table 1) managed by the
Aggtelek National Park Directorate. Furthermore, two addi-
tional nature conservation areas, a natural monument and a
geological key section, were declared by the nature conserva-
tion legislation (Table 1).

Relief conditions caused a very unbalanced distribution of
both the economic and demographic development. The settle-
ments concentrated along the rivers and mountain valleys fa-
cilitating main transportation routes from mediaeval ages.
There are only three cross mountain corridors with extended
uninhabited areas in central NTM. Natural resources (Fig. 2)
attracted mining activities, the glasswork industry, and forest-
ry. The proximity of the Hungarian—Slovakian border indi-
cates very strong political changes during the twentieth cen-
tury which caused identical demographic and socio-cultural
shifts. The whole NTM is a rural environment with two small
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Fig. 1 The geographical location of the study area

towns where economy is based on agriculture and forestry.
The population decline was continuous during the decades
of socialism, and the size of local communities dropped by
more than 50% in some villages. The largest settlements have
just received urban status recently, but their population hardly
exceeds 2000 inhabitants. In recent years, Hungarian—
Slovakian cross-border development projects established re-
gional progress regarding infrastructure, community services,
and tourism.

Geodiversity of the Cultural Landscape

Despite the dominance of volcanic rocks, lithological condi-
tions are highly variable (Fig. 2¢). Repeated andesitic to rthy-
olitic volcanic eruptions took place from ca. 15 to 10 Ma
(Pécskay et al. 20006; Kiss et al. 2011), in a transitional shallow
marine to subaerial environment (Kovac et al. 2007; Piller
et al. 2007). The volcanic landforms (Zelenka et al. 2012;
Szepesi et al. 2018b, 2019) consist of caldera systems, rhyo-
litic lava dome fields, andesitic—dacitic composite volcanoes,
and eroded outcropping intrusions (e.g., laccolith). Glassy
volcanic rocks (perlites) are also associated with the
Miocene lava domes with highest volumes in the Carpathian
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Basin (Zelenka et al. 2012; Szepesi et al. 2019). The central
and northern parts of the NTM with the dominance of hard
volcanic rocks are characterized by variable heights and
slopes (Fig. 2a, d). The highest peak of the mountains is lo-
cated at the north along the border (Nagy Milic, 896 m).
During the cold phases of the Pleistocene, the geomorphology
of the mountains changed significantly, typical periglacial
forms developed with frost-riven cliffs, block streams, and
cryoplanation terraces (Pinczés 1998). Denudation was more
intense on the erodible rhyolitic volcaniclastics with the for-
mation of an intramontane basin (Hegykdz) and pediment
surfaces (200400 m a.s.l.). These pediments were sometimes
dissected by deep gullies (10-25 m) during the young
Pleistocene—Holocene uplift. Along the rivers, the elevation
is less than 200 m a.s.l. (Fig. 2a), where the fluvial sedimen-
tation coupled with the development of river terraces, oxbow
lakes.

The utilization of geodiversity has a long tradition in the
NTM dating back to the obsidian and quartzite tool production
of Paleo and Neolithic cultures (Bird 1984, 2002; Frisnyak
2009). Most of the minerals have been quarried since the
Middle Ages as reflected in the heraldry of a number of set-
tlements (Fig. 3). The center of gold and silver mining was
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Fig. 2 Thematic cartography of study area. a Relief map (SRTM global
DEM https:/Ita.cr.usgs.gov/SRTM 1 Arc) and watercourses (b land cover
(CORINE Land Cover 2006), ¢ geological map and outcrops (based on 1:

Telkibanya (Fig. 3a). The initial works on the surface
(twelfth—thirteenth centuries) with open-pit fields were re-
placed later by underground mines. Clay minerals were first
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25,000 map sheets; Erhardt and Pentelényi 1966; Gyarmati 1963, 1966,
1972; Gyarmati and Pentelényi 1973; Ilkey-Perlaki 1967, 1971, 1977;
Pentelényi 1970, 1971, 1972), d and slope map (based on SRTM DEM )

exploited from Telkibanya with the establishment of a porce-
lain manufactory. As stocks were running out, the factory was
moved later to Hollohaza, while new mines were opened in

Table1 Hungarian nature conservation acts and decrees with special targets in the study area. For detailed information of the geoconservation acts, see

the supplementary material

Act No.

Territorial scope

Target in study area

Act No. 53. of 1996

National Nature Conservation

Act

Decree No. 13 of 1991
Decree No. 15 of 2015

Protected natural areas
Nature conservation areas

Natural monument
ex lege protection
Site protection basic geological profiles)

Site protection (basic geological sections, outcrops,
landforms)

Zemplén Landscape Protection Area (Established in 1984,
27,783 ha)

Abaujkér-Aranyos valley (2007)
Fiizérradvany Castle Park (2007)

Devil’s Rock, Abautjkér

all wells, caves, motte

Vizsoly Rhyolite Tuff quarry (2017)

Ongoing field survey (30 sites) before declared protection

@ Springer
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Fig. 3 Geodiversity elements in
settlements heraldry. a
Telkibanya: uniform miners on
both side of the castle with
hammer and pick. b Palhaza: a
triple green pile at the lower side
of the shield with miner’s symbol
(hammer and pick). ¢ Holloh4za:
ceramics on the upper right side
of the shield. d Vagéshuta:
traditional glass industry on the
lower side of the shield. Golden
flames of fire flowing out of three
openings, two workers in green
cloth blowing blue glass jug, and
a blue jug glass jug in the
foreground

the Fiizérradvany area. The manufactory has grown to become
one of the most famous porcelain factories in Europe as
highlighted by a porcelain vase in the crest of Holl6haza
(Fig. 3c). Traditional glasswork was started in the sixteenth
century and the last factory was closed in 1921. The designa-
tion “Huta=glasswork” is still preserved in the name of 6
settlements and refers to the once famous industry. The crest
of Vagashuta displays the manufacture and the famous blue
jugs (Fig. 3d). The largest perlite quarry for modern building
industry is still operating (Palhaza, Fig. 3b).

Previous Works and Database
Geological and Volcanological Mapping

Studying the TM has one of the longest history in the
Carpathian Basin starting from the eighteenth century during
the plutonist-neptunist debate (Fichtel 1791; Esmark 1798;
Richthofen 1861). The last comprehensive geological map-
ping was carried out from the 1960s at a scale of 1:25,000,
compiling observation registers and general lithological the-
matic maps. The study area is covered by 12 map sheets
(Erhardt and Pentelényi 1966; Gyarmati 1963, 1966, 1972;
Gyarmati and Pentelényi 1973; Ilkey-Perlaki 1967, 1971,
1977; Pentelényi 1970, 1971, 1972). The surface rock occur-
rences classified into three categories: outcrop, dense, and rare

a %zsﬁm/é,\a

debris. The types of hydrothermal alterations, tectonic lines,
and dips were also indicated. The symbols of quarries, medi-
eval adits, and paleontological sites with major boreholes
gives additional information. Each map sheet has a detailed
explanatory note with a special raw material chapter. Since the
completion of the last geological mapping, there have been
many new achievements in the descriptive and interpretive
methodology of the international volcanology research.
MTA-ELTE Volcanology Research Group started a detailed
mapping work in 2013 for the complete volcanological recon-
struction of the mountains. During the concomitant fieldwork,
the outcrops attained from the available geological maps were
identified and logged using lithology/lithofacies as a basic
mapping unit. Horizontal and vertical correlations allowed
for the recognition of Miocene volcanic centers and the estab-
lishment of a new stratigraphic and evolutional framework for
TM (e.g., Szepesi et al. 2018b, 2019).

Unique Landscape Value Cadaster

Rapid changes in the last century in environmental diversity
triggered a new perception of cultural and natural landscapes.
The Hungarian nature conservation legislation inducted a new
term, called “unique landscape values” in the 1996 LIII Nature
Conservation Act (see the supplementary material). As
interpreted, unique landscape values are characteristic landscape
elements from natural origin or created by human activities and

@ Springer
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represent natural, historical, cultural, scientific, or aesthetic im-
portance to the local community. The survey shall be conducted
in the entire administrative area of a settlement for its implemen-
tation into a municipality-based cadaster. Data management and
storage were carried out in Nature Conservation Information
System special unique landscape values module with up to
20,000 records collected in 2012. The Nature conservation,
Unique landscape values Hungarian Standard (MSZ
20381:2009) provides guidelines to carry out fieldwork surveys
and database management (Toth et al. 2012). Although the na-
tional processing level is only 26%, the study area reached 100%.
The major survey categories are the cultural and natural heritage
and landscape values (Table 2).

Public Mineral Collector Database

Rock, mineral, and fossil-collecting activities became more
and more popular in Hungary in the 1970 and 1980s. The first
topography based comprehensive publication of Hungarian
mineral species was published soon (Szakall and Gatter
1993) for public interest. Thematic websites were becoming
more widespread during the 2000s. The continuous increase
in the number of mineral collectors established a site-based
compilation in 2007 (www.geomania.hu). The website
interface (after registration) allows to upload new site photos
and upgrade information about current conditions. The
national database contains 685 site entries with 17,654
mineral and 3163 site photos. The hydrothermal deposits
(natural outcrops, quarries) of TM are very frequented and
visited by the collectors. One sixth of the entire database
(112 sites) were published from TM (including the Tokaj
Wine Region Historic Cultural Landscape Szepesi et al.
2017); out of which 59 are related to the study area.

Methods and Fieldwork

The methodology was divided into four different parts (Fig. 4)
following the regional geosite identification priorities

(Regolini-Bissig and Reynard 2010; Brilha 2016; Poiraud
et al. 2016; Faccini et al. 2018). After the preliminary field
surveys and preinventory compilation, the main purposes
were (1) to find a proper selection procedure, (2) to emphasize
the geodiversity of the NTM, (3) to establish a basic classifi-
cation scheme, and (4) to provide a development strategy for
the future.

GIS Database Management

The development of a preinventory was based on the careful
processing of mapping resources including the whole material
from the previous chapter. All site-based data were recorded
in an ArcGIS geodatabase. The above-described geological
framework can be defined as the main subject of the
preinventory (Fig. 2c). The database included the outcrops
of'the geological maps and the recent volcanological mapping,
as well as the sites of the public mineral collector database
finally containing more than 1000 records. The national
unique landscape cadaster was used to select additional sites
for the preinventory (details in the supplementary material) in
order to emphasize the community use of geomaterials.
Considerable geodiversity objectives were attached to almost
every cadaster class (Table 2) resulting in a database exclud-
ing only the biodiversity category. After completing data in-
tegration, the general preinventory density (object/km®) was
calculated in GIS environment. This analysis was also per-
formed after the selection procedure (site/km?) identifying re-
gional hotspots (settlements and areas) with high geodiversity
potential.

Selection and Classification

The major aim of the selection procedure was to identify po-
tential sites from the preinventory (Fuertes-Gutierrez and
Fernandez-Martinez 2012; de Lima et al. 2010; Poiraud
et al. 2016). Selection was based on the representativeness,
integrity rarity, and scientific knowledge about the sites
(Brilha 2016). The application of the above criteria excluded

Table 2 Types of unique landscape values and proportion in the national cadaster (percentages from Toth et al. 2012)

Major categories Unique landscape values Percentages

Cultural heritage Settlement related 51.2
Transportation 1.5
Industrial 17.9
Other industry values 7.0

Natural values Geodiversity values 49
Biodiversity values 15.6

Landscape values Viewpoint with unique or characteristic view 1.6
Linear lookout is unique or distinctive visual image 0.1
Non-classified 0.2

@ Springer
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Fig. 4 Flowchart of the
methodological approach and
analysis process

Field surveys

geological mapping
(1960-70')

landscape value mapping
(1990-2000 years)

volcanological mapping
2013-2019 (ongoing)

mineral collecting database
2010-2013 {ongoing)

Selection Classification Management
1 |
protocol of selection
1 1 cultural heritage
management

the potential geosites for further classification. The sites with-
out particular relevance of scientific value were further ana-
lyzed using educational and touristic interests (Table 2; Brilha
2016) and defined as geodiversity sites (or local sites of
importance, Browne 2012). The application of additional
criteria set from the Scottish geoconservation methodology
(Table 3; Browne 2012) emphasized the cultural and commu-
nity significance, potential archeology, and built heritage link
and defined additional sites by contributing to the cultural
landscapes. The special attributes of protection status
(Telkibanya feeder dyke, Fig. 8e; Vizsoly quarry, Fig. 8f)
and damage threats (mineral collection) gave particular impor-
tance to some objects. Finishing the selection, the result was
converted to a definitive list of potential sites of the natural
geodiversity and cultural landscape diversity. Classification is
common concept in evaluating geological heritage (Fuertes-
Gutiérrez and Fernandez-Martinez 2010; Poiraud et al. 2016;
Mauerhofer and Reynard 2018). A three-level method was
applied regarding methodological, functional, and thematic
issues that are widely implementable especially into regional
database compilation, local site management, geotourism,
geoeducation, and geoconservation actions (e.g., Zangmo
etal. 2017).

Table 3

Fieldwork and Assessment

The detailed fieldwork and assessment of the selected geo-
and cultural diversity sites included several criteria as pub-
lished in (geo)site assessment methods (Reynard et al. 2007,
Vujicic¢ et al. 2011; Zouros 2005). Based on, Brilha (2016),
the fieldwork focused on the following parameters that define
site management priorities: geoconservation purposes, degra-
dation risk, and further educational, touristic relevance. The
applied indicators were representativeness, key locality, the
scientific knowledge, integrity, geological diversity, rarity,
use limitations, accessibility current observation conditions,
vulnerability, educational potential, safety, and association
with other values. Considering functional values, the directly
site-related parameters as additional values (natural and an-
thropogenic), tourism infrastructure and interpretative panels
were logged. The fieldwork was partly overlapped by special
geoconservation-based field survey coordinated by the
Aggtelek National Park from 2015. The individual site map-
ping identified and described 40 vulnerable objects in the
study area. Furthermore, an extensive field campaign was car-
ried out at a scale of 1:1000 in 2018 (including the authors)
studying the Telkibanya Medieval Gold-Silver Mining Area

Selecting criteria of geosites, geodiversity sites, and qualitative assessment of educational and touristic value

Main criteria for
selecting geosites

Main criteria for selecting
local geodiversity sites

Additional criteria for selecting
local geodiversity sites (Browne

Touristic value of selected
geodiversity sites (Brilha

Education value of selected
geodiversity sites (Brilha

(Brilha 2016) Browne 2012 2012) 2016) 2016)

1. Representativeness 1. Educational 5. Threat to existence - Didactic potential - Scenery

2. Intergrity 2. Tourist value 6. Uniqueness - Geological diversity - Interpretative potential
3. Rarity 3. Historic value 7. Biodiversity link - Accessibility - Accessibility

4. scientific knowledge 4. Aesthetic value 8. Archaeological link - Safety - Safety

9. Built heritage and rock art

10. Cultural value

11. Community use value
12. Economic value (former use)
13. Other designations

@ Springer
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covering more than 20 km?. The survey recorded mineral
excavation sites (pitholes, adits, air shaft) and recent mineral
collecting disturbances with an object number over 1000. The
results allow for much more detailed site classification and
definition of the scope of final territorial and functional (e.g.,
development, protection) management priorities.

Results
Site Selection and Identification

The processing of NTM database regarding the detailed geolog-
ical (1:25000), volcanological (1:10000), cultural landscape,
and geoconservational mapping records resulted in an aggregat-
ed GIS database containing 2000 objects (Fig. 5). Data
processing and selection were enhanced by our research group
members who participated as experts in the former and ongoing
field surveys. The primary selection of database identified sites
from the preinventory. Four criteria sets of Brilha (2016) (rep-
resentativeness, integrity, rarity, scientific knowledge) were ap-
plied to establish a potential site list of the NTM (Figs. 6 and 7).

The scientific research of the NTM has been carried out
over more than two centuries. Intensive geological, volcano-
logical, and mineralogical studies have identified several sci-
entific hotspots in the region (e.g., Telkibanya, Komloska,
Filizéradvany). The ongoing research projects give

international scientific relevance to some sites (e.g.,
Telkibanya lava domes, Fig 8e; Szepesi et al. 2019; Sinta
peak mining pit field, Novak and Szepesi 2018; Fig. 8h,
millstone quarry sites, Esik et al. 2019). The rarity of NTM
geoheritage is emphasized by geological and cultural land-
scape features as well. Large amount of glassy volcanic rocks
(perlites) can be associated with Miocene lava domes and their
volume is greatest here in the Carpathian Basin. The tradition-
al perlite-related glasswork was started in the sixteenth centu-
ry and the last factory was closed in 1921. The medieval gold—
silver mining area of Telkibanya contains 1-3 m-wide gold—
silver bearing veins in hydrothermally altered andesite.
Precious metals have been exploited here from the Middle
Ages. Surface pitholes, underground adits (Fig. 8i), and air
shafts give an exceptional density of mining heritage objects.
Representativeness describes the suitability of the site to illus-
trate geological, cultural landscape features advancing en-
gagements for the better understanding of the formation and
evolution of the area. High representativity is usually associ-
ated with the geomorphological diversity, volcanology, hy-
drothermal alteration, and the related mining heritage. Large
morphological objects and related historical heritage (medie-
val castles, ruins) are nationally recognized geoheritage fea-
tures (Boldogkdvaralja, Fiizér, Regéc castle hills, e.g., Fig.
8a—c). Integrity is a crucial qualitative assessment point be-
cause the sites sometimes are highly modified under anthro-
pogenic effects.

seltiements

[+] cities

geological outcrops
unique landscape value

Fig. 5 Object database of the study area
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geodiversity object
geodiversity site
geosite

Legend

geocultural site
geocultural object
cultural-historical site
cultural-historical object

settlements
cities

Fig. 7 Selected geocultural, cultural-historical sites with geocultural and cultural-historical objects
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Fig. 8 Classification of geosites of the study area. Morphological objects
with hilltop fortification. a Columnar jointed dacite neck of Fiizér Castle
Hill, the hilltop ruins were completely rebuilt during the last decade. The
lower bastion is a lookout point. b Dacite cone of Regéc Castle Hill with
medieval ruins in 2010. The walls are also under reconstruction. The
western cliff is also a natural viewpoint. ¢ Silicified tuff ridge of
Boldogkévaralja Castle Hill. The castle is lead soldier museum, see the
characteristic viewpoint on the edge of the cliff. d Gorge of Abatjvar
Valley formed in ignimbrite, scientifically described by the
volcanological mapping. Outcrop: e feeder dyke of Cser Hill lava

The applied selection procedure identified 225
geodiversity-related sites (Figs. 6, 7, 8, 9, and 10) of
which 175 was characterized as primarily geological
features and described by geological and/or volcanolog-
ical mapping. Narrowing down further, 58 sites were
labelled as important mineralogical occurrences. The

@ Springer

dome, Telkibanya, the structure was also described by volcanological
mapping. Quarry: f, degassing pipes in ignimbrite, Vizsoly quarry, the
site is protected by act 55/2015. g Millstone from medieval quarry
excavated in silicified rhyolite tuff, Fiizérradvany. Underground mine:
h Radécsi stone (rhyolite) with painted mining symbol, along a hiking
pathway (orange sign). An underground adit opened nearby. i Teréz adit,
500-m-long abandoned quarry, along a nature trail, Telkibanya, open-pit
field. j Medieval open-pit hole excavating Au—Ag-containing veins, Joo
Hill, Telkibanya. k Mineral collecting pit, Natura 2000 protected site,
Kiraly Hill, Telkibanya

remaining 50 identified sites emphasized important cul-
tural relevance of the geological diversity. The largest
part of the unique landscape value cadaster (920 object)
was found as objects with local identity/cultural signif-
icance. Out of these, 180 were marked as cultural—
historical sites.
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Fig. 9 Geodiversity sites
examples in the study area. a
Andesite quarry,
Boldogkévaralja. b Rhyolitic tuff
quarry, Bozsva. ¢ Lookout tower,
Janosvara Hill, Kovacsvagas

Site Classification high value for scientific knowledge and they are marked as
geosites (Figs. 6 and 8) in the sense of the conceptual frame-
Methodological Classification work proposed by Brilha (2016). In other cases when the sites

have no exact scientific values but represent other interests
The classification procedure (Figs. 4 and 11) focused on the (Table 3; educational, touristic, historic), they were defined
225 geodiversity-related sites. The geological objects have a  as geodiversity sites (Fig. 9). Geocultural sites (Fig. 10) were

Fig. 10 Geocultural sites of the
study area. a Garden of the Abayj
Museum, Telkibanya with
millstone collection. b Glasswork
manufactory building, Vagashuta,
see it on settlement heraldry Fig.
2d. ¢ Multiple rows of cellars,
Kovacsvagas. d Built water
system of Szerencs stream
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Fig. 11 Methodological
classification of the geodiversity
objects

[ natural diversity

geological diversity cultural landscape o primar i
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l I M 1L i =y T
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identified as special places where geoheritage features interact
with cultural elements. Parameters from the additional criteria
set of the local geodiversity sites (Browne 2012; Table 3; built
heritage, cultural value) were found useful to select
geocultural objects from the preinventory. These entities sur-
veyed by unique landscape values cadaster (Fig. 7). Cultural-
historical sites (Fig. 11) are related to the cultural-historical
development of the region and biodiversity was excluded
from the final, geoheritage-based functional and thematic clas-
sification procedure.

Functional Classification

Functional classification refers to the physical nature of the
site: e.g., extent, use, appearance. Geosites and geodiversity
sites were classified into six major groups (Fig. 12;
morphological object, outcrop, viewpoint, open pit field,
quarry, underground mine). Morphological objects are large-
sized erosional forms (e.g., neck, lava dome) developed via
long-term (10 Ma) denudation (Fig. 8a—c). The objects of
fluvial erosion (canyon, river abrasion) were also classified
here (Fig. 8d). Medium-sized periglacial landforms (cliff,
blockmeer) are related to frost-induced hillslope evolution.
Smaller natural rock occurrences were classified as outcrops
(e.g., Fig. 8e). Periglacial cliffs usually served as natural view-
point, but built lookouts were also considered for inclusion
into this group. The natural morphology has been consider-
ably modified by human activities. Anthropogenic landforms
were classified as different types of quarrying. The largest
rock excavations on the surface (up to 1 ha) were building
stone and millstone (Fig. 8g; Esik et al. 2019) quarries. The
smaller surface holes (J3—-10 m, | 0.5-6 m) of gold-silver
mining following ore containing hydrothermal veins were de-
scribed as pit fields (Fig. 8j). Underground mines (Fig. 8i)
with variable length (10-500m) served the deeper excavation
of hydrothermal veins (Telkibanya, Komléska) and clay
lenses (Flizérradvany).

Geocultural sites and objects (Fig. 10) were classified using
the categories of the unique landscape cadaster (Table 2, and
see the supplementary material for details). The major groups
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are mining—industrial heritage (Fig. 10a, b), and
settlement—Iand use-related objects (cellars (Fig. 10c), built
water systems (Fig. 10d), slope terraces). As special link be-
tween natural and cultural landscape 16 settlements contains
carved wine cellars, even in multiple rows (Fig. 10c).
Cultural-historical sites and objects represent the built heri-
tage (churches, buildings, ruins, rural houses) and heritage
stones (sculptures, gravestones) which also have additional
geoheritage relevance.

Thematic Classification

Geosites (Fig. 8) and geodiversity sites (Fig. 9) were classified
with the same thematic categories (Fig. 13). The sites with
geomorphological interest contain objects with variable areal
extent (up to 1 ha or larger; Fig. 8a—) where younger geo-
morphological evolution resulted in a special transformation
of landscape (uplift and rapid erosion). These are volcanic
gorges with variable length, necks, lava domes, and
periglacial cliffs. The sites with volcanological interest are
the largest group containing relatively small objects (< 1 ha;
Fig. 8d-f) These are natural outcrops, road cuts, quarry sites
with specific volcanological features as columnar jointing,
special volcanic textures, volcaniclastic sedimentary records,
and feeder dykes. Only one paleontological site was identified
(Fig. 13). The third group, mining and industrial heritage
(Fig. 8g—j), represents the special link between geodiversity
and cultural heritage and concentrated around three major
areas: Telkibanya gold—silver mineralization, Fiizérradvany,
and Komloska clays and ore mineralization. The mineral col-
lection database (geomania.hu) also emphasized the role of
epithermal mineralization in the mountains. These frequent
resources were defined as mineralogical sites and are of spe-
cial importance for the collectors. The fifth group is the
viewpoint geosites which contains only panoramic viewpoints
(Pereira and Pereira 2010; Migon and Pijet-Migon 2017) and
not comprises observations points of the specific geosites.
Usually these are associated with morphological sites to give
unobstructed observation of the surrounding landscape. Man-
made infrastructure usually attributed only to individual
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Fig. 12 Functional classification of the geosites and geodiversity sites
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Fig. 13 Thematic classification of the geosites and geodiversity sites
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morphological forms (Fig. 8a—). Geocultural sites (Fig. 10)
also represent mining and industrial heritage. The gold—silver
mining (buildings, ruins) and glasswork industry are the most
important field because they connect geology and cultural
landscapes. The most important building is the Abauj
Museum (former porcelain manufactory, Telkibanya) and its
garden with a millstone collection (Fig. 10a). The special land
use and settlement-related heritage (agriculture, water re-
sources, townscape; Fig. 10b—d) is also related to geocultural
heritage. The castle park of Fiizérradvany is a Natural
Monument (Table 1). Prehistoric and medieval hilltop fortifi-
cation has been identified in several places (Fig. 8a—c).

GIS Analysis of the Database

The integration of the four databases into a preinventory
was carried out on more than 2000 geodiversity objects
(Fig. 5) featuring scientific research, cultural landscape
diversity, and public geotourism interest in the study area.
General object density varied between 0 and 8 object/km?
(Fig. 14a) The different mapping objectives (Fig. 14b, c)

showed different regional tendencies. The geology, volca-
nology objects including sites of mineral collecting con-
centrated in the high relief areas, which is the less popu-
lated, landscape protection area of the NTM (Fig. 14b).
Average object density is over 4-5 sites/km?, while this
number decreased to 1 site/km? in the intramontane
Hegykdz Basin and Hernad Valley area. In contrast, the
cultural landscape-related unique landscape values con-
centrated mainly in the surroundings of the settlements
(Fig. l4c). Object density is only up to half that of the
geological sites (3 sites/km?). Some settlement shows re-
markable density of sites (Telkibanya, Flizérradvany,
Fony, Komldska), where geology-related landscape
values are coupled with special land use and community
values. After the selection procedure, 220 potential
geosites, geodiversity, and geocultural sites were identi-
fied (Figs. 12 and 13). Geodiversity hotspot regions rep-
resent a density above 3 sites/km> (Fig. 14d) and are re-
lated to 3 settlements (Telkibanya, Flizérradvany,
Komléska). Other moderate density regions (2—3 sites/
km?) can be associated with 4 other settlements. As can
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Fig. 14 a Preinventory density of database (outcrop/km?). b Preinventory density of the geological outcrops (sites/km?). ¢ Preinventory density of the
unique landscape values(sites/km?). d Density of the final database including geosites, geodiversity, and geocultural sites (sites/km?)
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be seen in Fig. 14a—d, hiking trails pass through higher
density regions.

Discussion
Geodiversity in a Cultural Landscape

There is an increasing interest on geodiversity and geoheritage
studies worldwide that have a generated high number of in-
ventory studies in recent years. The major purpose of these
studies was to create a regional (sometimes as part of a na-
tional) inventory that directs management priorities to
geoconservation or geotourism (Wimbledon 1999; Fuertes-
Gutiérrez and Fernandez-Martinez 2010; Kubalikova 2013;
Gatley and Parkes 2018; Guimardes et al. 2018; Zangmo
et al. 2020). A large number of geoheritage studies focused
on compiling regional databases and inventories (Fuertes-
Gutierrez and Fernandez-Martinez 2012; de Lima et al.
2010; Mauerhofer and Reynard 2018). Most of these studies
focused on the identification and assessment of geosites that
are based on literary review and extensive cartography work,
but only a few studies involved cultural landscape objects in
the assessment (Brilha 2016; Arruda et al. 2017; Szepesi et al.
2017; Kubalikova 2019). Although Reynard and Giusti
(2017) discussed the landscape and cultural value of
geoheritage, the lack of case studies on cultural landscapes
that would use a comprehensive object database that includes
natural and cultural geoheritage was found. The cultural land-
scape is a social construction, a mix of tangible (geodiversity,
biodiversity) physical and anthropogenic and intangible fea-
tures (emotions, aesthetics, senses, symbols, phenomena,
individual feelings, social representations; Reynard 2009). In
the past few decades, the negative trends raised concerns
among practitioners about the resulting loss of diversity espe-
cially in the case of traditional rural landscapes (Di Fazio and
Modica 2018; Lakner et al. 2018). Our results verify that the
identification, interpretation, and characterization of
geoheritage elements are fundamental to define sustainable
management strategies and strengthen local identity.

In Hungary, landscape-related research has a long tradition
(e.g., Marosi 1985; Loczy 2002). These studies emphasized
that there were rapid societal changes in rural regions due to
urbanization and related migration in the twentieth century.
The traditional cultural landscapes suffered a great loss in
diversity, integrity, and identity. Nature and landscape protec-
tion activities have addressed this issue with introducing the
definition of unique landscape values that established a new
Hungarian standard (MSZ 20381:2009, see the supplementa-
ry material) and a national initiative (TEKA, Kiss 2011). This
survey included objects of natural geodiversity but the largest
object number was related to cultural landscapes.

Unfortunately, it does not cover the whole country but the
study area provided full processing (Fig. 5).

The analysis of the Tokaj Wine Region Historic Cultural
Landscape (Szepesi et al. 2017) used Brilha’s (2016) proposal
to classify the selection into two separated groups (geosite and
geodiversity site). The more thorough analysis of the study
area indicated the involvement of new categories in order to
include cultural landscape elements (Reynard and Giusti
2018; Fig. 11). The basic unit of inventory is the object, which
is an abiotic part of the landscape. The representativeness,
integrity, rarity, and scientific knowledge (Table 3) highlight-
ed objects as geosites which are potential features for a nation-
al thematic inventory (Figs. 6 and 8). Other natural objects
with high touristic, educational values got classified as
geodiversity sites (Figs. 6 and 9) which exhibit geological
diversity on a regional or local scale (Table 3). Using the
unique landscape cadaster, the objects of cultural landscape
included in the inventory were classified with the same ap-
proach (Fig. 7). If a cultural heritage object had a geodiversity
relevance, then it was defined as a geocultural site (Reynard
and Giusti 2018). These are industrial buildings, ruins, and
cellars, mostly representing a regional or local level of impor-
tance (Fig. 10). The items of local cultural identity, history,
and religion defined as cultural-historical sites, while the
common elements (heritage stones, cellars) were defined as
common cultural-historical objects. The last two categories
also emphasized the geoheritage link because heritage stones
and buildings were usually built form local stones but their
primary relevance was outside of pure geodiversity interest
(Carreras and Druguet 1999).

Geoconservation Issues

The surveyed objects of geodiversity are very diverse. It
appears in different properties (Fig. 14, Table 4) like the
extent of the resource, functional character with current
use, and geographical setting (e.g., population density,
nature conservation areas). Their geoconservation possi-
bilities are highly determined by local circumstances and
priorities (Prosser et al. 2017). The study area is part of
the Zemplén Landscape Protection Area (protected by
general law 1996 LIII; Fig. 1, Table 1) which declared a
prohibition on causing damage on geodiversity (see the
supplementary material) but it does not specify a real
site-based protection. During the last decade, a new legal
framework addressed the conservation of geological heri-
tage in Hungary with territorial protection of individual
geosites (Szepesi et al. 2018a). Acts 13/1991 and 55/
2015 (Table 1, supplementary material) define types of
protected geosites (stratotype section, outcrop). Based on
these acts, 25 sites were protected as individual natural
monument and other 18 sites declared as protected
stratotype sections or geological formation area within
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Table 4  Site management features of the major methodological and thematic groups regarding conservation and geotourism issues

Type Categories Appearance Integrity, Protection Current Management issues
vulnerability geotourism
infrastructure
Geosites and Sites with Natural outcrops, ~ Vegetation cover, Zemplén Thematic nature Quarry wall safety, collection
geodiversity volcanological quarries, road illegal waste, Landscape trails permit, development of
sites interest cuts mineral collection. Protection (Fiizérradvany) technical infrastructure, tour
building Area Vizsoly interpretative guides, more interpretative
construction in Rhyolite Tuff panels panel
quarry yard Quarry
(13/1991)
Sites with Eroded volcanic ~ Ground and Zemplén Hiking pathways Steep wall safety in volcanic
geomorphologi-  cones coupled vegetation Landscape gorges technical
cal interest with cultural disturbances on Protection infrastructure at terrain steps
heritage hilltop fortification Area Nature (< 2 m), hiking pathways
(castles) reconstruction, Conservation improvement, expert (or
periglacial rock falls in Areas, Natural educated) field guide
cliffs, valleys valleys Monument
Industrial/mining ~ Underground Ground excavation  Filed survey Thematic nature Surface and underground safety
heritage mines, open-pit disturbances by connected to trails facilities, digital
fields mineral collectors, Decree (Telkibanya, interpretation content, policy
underground mine 15-2015 Komloska, against mineral excavation
instabilities, Fiizzéradvany),
open-pit filling hiking path
interpretative
panels
Viewpoint Natural cliffs, Vegetation growth Zemplén Hiking pathways Vegetation removal, building
(natural) mountaintops Landscape reconstruction, landscape
Protection interpretation features
Area
Viewpoint (built)  Natural and built ~ Vegetation growth Zemplén Hiking pathways Vegetation removal, building
viewpoints Landscape reconstruction, landscape
Protection interpretation features
Area
Mineralogy, Natural outcrops, Mineral and fossil Zemplén Thematic nature Site-based protection and
paleontology quarries, collection Landscape trails , hiking control
Protection pathways
Area
Geocultural sites ~ Mining—industrial ~Ruins of Natural degradation, Zemplén Thematic nature Vegetation removal, building
buildings, collapse, Landscape trails, hiking path reconstruction, industrial
water vegetation cover Protection interpretative interpretation features
management, Area panels
glasswork
buildings
Land use Traditional Vegetation growth Zemplén Usually not Sustainable landscape
agriculture, Landscape involved management
forestry Protection
Area
Settlement Castle parks, Natural degradation  Fiizérradvany Thematic nature Regulations of the Office for
cellars rows, collapse Castle Park trails, hiking path Construction and Heritage,
traditional Natural interpretative tour guides and training
village Monument panels related to geoheritage
architecture, interpretation
water
management
Cultural-historical ~ Cultural landscape Churches, castles, Various condition Protection of Reconstruction, Geoheritage-related
sites diversity ruins, bridges, from scattered historical preservation development and
memorial sites ruins to full buildings activities interpretation, cooperation of

reconstruction of
medieval castles

with the cultural heritage
operators, owners,
municipalities, and national
park

protected natural areas (e.g., national parks, landscape
protection areas) in Hungary in 2015. National Park
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Directorates recently launched a preinventory survey of
vulnerable sites, targeting more than 40 sites in the study
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area but only one (Vizsoly Rhyolitic Tuff quarry, Fig. 8f;
Szepesi et al. 2015) got territorial protection as natural
monument (Tables 1 and 4).

The physical nature of the sites is also important in
geoconservation, as geosites of a similar physical nature
are likely to be subject to similar threats and require similar
conservation management (Prosser et al. 2017). The func-
tional classification (Fig. 9a; morphological sites, outcrop,
pit fields, quarry, underground mine) was based on that
and was useful to define specific conservation manage-
ment priorities. Field surveys defined the vulnerability of
the sites with the detection of the level of anthropogenic
activity and deterioration of the geological elements. Even
though, the geosites were recognized as on the one hand
natural and on the other hand man-made outcrops (quarry,
road cuts), their integrity was still highly inconstant. The
sites have been recently degraded by only natural process-
es. There are only two recently operating quarries, but the
related safety problems were excluded from the final
geosite designation. The rest of the quarries are abandoned
in various conditions. Sometimes the debris along the walls
got forested, disturbing the observation of geological ele-
ments. In a special case, a hotel was built in the yard of the
largest quarry forming a physical barrier against observa-
tion. Sometimes quarries are filled with municipal waste
but thanks to conservation efforts remediation is taking
place in most cases. Mining heritage (quarries, Fig. 8g—j)
is a special type of the cultural landscapes (Mata-Perelld
et al. 2017; Prosser 2018). Mining activities ceased from
the eighteenth century (gold—silver mining) up to present
times (clays, Fiizérradvany) with the depletion of stock.
The natural degradation of surface landforms is common
due to natural filling of the pitholes and the collapse of
underground infrastructure. As a special intersection of
the nature conservation and geotourism, there is renewed
interest about minerals and fossils (Szepesi et al. 2018;
Ruban 2019; Timothy and Witt 2019). From the study
area, 59 sites have been described in the mineral collecting
database (geomania.hu). The field surveys observed inten-
sive illegal mineral excavation in several places (e.g., Fig.
8k). Although the act (1996 LIII, see the supplementary
material) declared possible protection of significant min-
erals and fossils, it is still an unresolved task for nature
conservation organizations. Pit holes and underground
mines are the most affected objects. Some mineral species
got almost completely removed from natural occurrences
(garnet, Kis-Sertés-hegy). In the case of scientific research,
certain minerals have to be bought from the collectors for
further laboratory investigation. The fact that the previous-
ly mentioned regulation 2015/55 (see supplementary) con-
trols mineral or rock-collecting activities (community or
private) including possibilities of scientific research is an
important result in recent years.

Geotourism and Geoeducation

In the past few years, significant progress has been achieved in
geotourism in Hungary. Nowadays, there are hundreds of na-
ture trails in Hungary; in many cases, geosites and geocultural
sites are the main attractions (Horvath and Loczy 2015). The
importance of geotourism is also emphasized by the accep-
tance of two geoparks as members of the European and Global
Geoparks Network and the opening of the Kemenes Volcano
Park (Szepesi et al. 2017). One of them, the Nograd-Novohrad
geopark (Horvath and Csiillog 2013), was developed in fron-
tier, peripheral location along the Hungarian—Slovakian bor-
der in an economically disadvantaged environment. The cur-
rent NTM case is very similar, but various activities have been
undertaken in the last decade to increase regional destination
visibility. From a geoheritage management perspective, the
study area belongs to the Aggtelek National Park Directorate
which is also responsible for the two UNESCO World
Heritage Sites (Fig. 1). The caves of the Aggtelek and
Slovak Karst (Telbisz et al. 2020) are declared as natural,
while the Tokaj Wine Region Historic Cultural Landscape
as a cultural heritage site (Szepesi et al. 2017). This case also
indicates disadvantages in the regional site management
priorities.

The special landscape character arises from the interplay of
physical and cultural elements as many geosites have strong
archeological and historical connections (Fig. 8a—c). Our sur-
vey identified 220 sites (geosites, geodiversity, geocultural) in
the study area highlighting the importance of natural and cul-
tural landscape values for the development of geotourism. In
Table 4, the management features of the major methodologi-
cal and thematic groups regarding conservation and manage-
ment issues are summarized. Quality interpretation is essential
for raising awareness about geoheritage values but visitor cen-
ters operating at the cultural heritage sites showed poor visi-
bility of volcanic geoheritage and improper management of
the individual sites.

Although geoheritage is not a well-understood concept,
some geosites have long been used in tourism (Fig. 8g—)).
Also there are recently recognized objects (rhyolitic tuff
gorge of Abatjvar, Esik and Szepesi 2017; Fig. 8¢). The
current geotourism infrastructure is represented by only
thematic nature trails and hiking routes. In the last de-
cades, three thematic nature trails were established and
they continue to serve regional geoeducation (Table 4).
These trails raise awareness to three major mining areas
(Fiizérradvany, Komloska Telkibanya), The final site den-
sity map (Fig. 14d) also highlighted these geodiversity
hotspots. The trails connect known geosites and
geodiversity sites but as our study shows they also include
geocultural and cultural sites/objects. The Fiizérradvany
and Komloska trails were constructed during the 1990s
as self-guided thematic routes (Kiss et al. 1999; Kiss
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et al. 2002). Unfortunately, the field infrastructure shows
deterioration and the interpretation facilities need more
development to increase tourism activity. The PHARE
cross-border cooperation project related to gold—silver
mining heritage established an environmental geotechni-
cal educational center (Telkibanya) which is suitable for
organizing special short-term courses and educational
field trips (Hartai and Németh 2012). Another target is
primary education with special outdoor school programs
teaching geo- and biological diversity. The sites are where
the volcanic geomorphology associated with cultural her-
itage (castles, ruins) has a particular importance. Some
recent regional cultural identity-related tourism develop-
ment projects were therefore established. The ruins of the
hilltop fortification castles on eroded volcanic landforms
have been renovated or are under construction (Fiizér,
Boldogkdvaralja, Regéc). Beside the debated reconstruc-
tion (ICOMOS Hungary 2017) on cultural heritage, the
adequate interpretation of volcanic processes and geomor-
phology is completely missing which would be essential
for raising awareness about geoheritage (Migon and Pijet-
Migon 2016; Zangmo et al. 2017). These exhibition sites
are operating with local staff members without
geoeducation knowledge. Involving them into special
geoheritage-related training would also have high rele-
vance in geodiversity popularization.

The final density map (Fig. 14d) is also drawing atten-
tion to other settlements with some potential in
geoheritage development. The region of the glassworks
(Figs. 9 and 10) and the village of Hejce are also provid-
ing possibilities to emphasize the role of geo- and cultural
diversity. The hiking trails also found to be passed
through higher density regions (Fig. 14a—d). The
National Blue Trail (1165 km) was selected into the ten
best trips to take in 2020 in the world by the National
Geographic magazine (nationalgeographic.com). The
100-km-long section of the trail connects many geosite,
geodiversity, and geocultural sites which presents a
unique opportunity for future site-based developments (in-
terpretation, infrastructure).

Conclusions

The inventory and site assessment are essential steps in
different scales of geoconservation and also in the estab-
lishment of the priorities in site management (e.g., in
geoparks). In Hungary, regional databases regarding the
natural and cultural heritage (geology, geoconservation)
contributes to the extension of the regional inventories
with large number of geodiversity-related records. The
combination of a specific selection procedure and the as-
sessment fieldwork resulted in the final list of potential
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geosites, geodiversity, and geocultural sites. The final 60
geosites with a total area of 700 km?® well represent the
geological history of the study area, while another 160
geodiversity and geocultural sites emphasize further poten-
tial in natural and cultural diversity. The site designations
are not definitive categories. Further scientific research or
increased geotourism/educational interest eventually bring
sites to a higher status: object — geodiversity site,
geodiversity site — geosite. This inventory is a preliminary
work and essential for understanding the regional cultural
landscape heritage. Many European countries have a na-
tional geosite inventory (Czech Geological Survey 2014;
Geological Survey of Spain 2014) which resulted from
nature and landscape protection legislations. In Hungary,
the applied methodology allows the detailed evaluation of
the registered sites. The practice can be extended to com-
pile a state-level comprehensive national inventory.

The inventory and the result of a preliminary assess-
ment are also suitable for defining spatial planning and
geoconservation strategies. In a regional context, the
density analysis identified areas as geodiversity
hotspots. Currently, the volcanic geoheritage values of
the study area are not enough to initiate and maintain
long-term regional geotourism. The infrastructure needs
improvement directly in site accessibility and integrity
to emphasize the representativeness of the geological
features. The continuous improvement of field and mu-
seum interpretation is important for visitor satisfaction.
The current (geo)tourism flow is partly connected to
neighboring Slovakian areas because of the frontier lo-
cation of Kosice, the second largest city of Slovakia.
Cross-border projects are important to further improve
the quality of the basic infrastructure. Future geotourism
development should be focused on the improved collab-
oration among scientific research, local municipalities,
and tourism companies. The presented classifications
fulfill the requirements regarding geoheritage in the
guidelines and criteria for national geoparks organized
by the Global Geopark Network (UNESCO 2014; Brilha
2017) with the list and description of geological and
cultural sites.

Mineral-collecting activities emphasize conflicts between
geotourism and geoconservation and underline the importance
of site-based protection and continuous control on
geotourism-based disturbances. The geoconservation-based
assessment surveyed 50 sites and pinpointed the strategies
vital for further protection. During this process, only one site
was under legal protection but further explicit site protection
measures are being prepared.
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