;\g\\\\\\\\\\\m\\w\\\\\\\\\\\\\xxxxu“u e

FewTonol 8° MaveAAnRvio M'ewypa@ikod ZuvEdpio

A=IOAOINHzH KAI AIAXEIPIZH FrEQTOMNXN

ZoUpoc N.%, BaAiakog H.?
Maveniorriuio Aiyaiou, Tunua Mewypapiac, Aogoc Maveniornuiou, 81100 MuTiArvn,
nzour@aegean.gr
2Mouoeio ®uoiknc IoTopiag AnoAiBwuévou Adooug NéaBou, 81112 Siypi NAéoBou,
ival@geo.aegean.gr

NepiAnyn

H EANGGa AOY®w TnG nOAUMAOKNG YEWAOYIKNG OOMNAG KAl TIG MNOIKIANiAG Twv
YEWHOPPOAOYIK®V Slepyaaciwv nou ennpedlouv kal dIauopP®VOUV To avayAupo TngG &npag
xapaktnpiletar and 1diaitepa uwnAn YEWNOIKIAOTATA Kal 131aITéEPA OTIG MPOOTATEUTAIEG
nepIoxEg, PIAoEevei aloAoyouG YEWTOMNOUG.

O Opog yeswTtono¢ (geosite/geotope) dnuioupyndnke akoAoubBwvTag €vav avTioToixo
0pIoCUO TNG PBloAoyiag kal neplypdgel pia Tonobecia Pe povadikn kal €E€xouda euQavion
YEWAOYIKOU 1 YEWHOPPOAOYIKOU €v3IAMEPOVTOG, O OXEON HE To NePIBAAAOV TnNG. AAAoI
EMIOTAMOVEG BEAOVTAG va dwOooUV HeYaAUTepn €P@Acn OTNV YEWHOPPOAOYIKEG dlepyaadieg
Xpnoigonoinoav Tov 0po  YEWHOPPOAOYIKEG BOfoeig (geomorphosites). Q¢  yewToOnog
(geosite/geotope n/kalr geomorphosite) xapakTtnpileral pia 8€on ortnv onoia su@avifovTal
ONMAVTIKEG YEWAOYIKEG OOMEG, XAPAKTNPIOTIKEG I ONAVIEG HETAANOPOPEG EPPAVICEIG, ONAVIEG
OPUKTOAOYIKEG MAPAYEVECEIG KAl METPOAOYIKEG €UPAVIOEIG, 101AITEPEG ITNUATOYEVEIG OOMEG,
onavia r XapakTnpIoTIKA anoAlBwuaTd, OTPWHATOTUNOI, XAPAKTNPIOTIKEG TEKTOVIKEG JOWEG,
0€0cIC oUYXPOVWV YEWHOPPOAOYIKWV Kal YEWAOYIKOV JIEPYATI®OV, YEWHOPQPEG, 1D1AITEPOI
YEWHOPPOAOYIKOI oXNUaTIOWOI Kal Tonia 131aITEPOU PUOIKOU KAAOUG.

e avTiBeon pe TNV autovonTn a&ia Toug yia To QUOIKO NePIBAAAOV KAl NApd Tn OXETIKN
npoBAewn Tou N.1650/86, ol yewTOMNO!I SEV KATAPEPAV VA AMOTEAOUV QVTIKEIHEVO QUTOVOWNG
npooTaciag kai diaxeipiong aAAd npooTaTelovTal HEXPI OAPEPA XAapn OTNV apxXaioAoyIkn i Tn
daacikr vouoBeaia yia TNV npooTaacia oikoTonwy r Toniwv 131aITépou PualkoU KAAAoUC.

>Tnv epyacia auTr npoTteiveTal Wia peBodoloyia a&ioAdynong n onoia epapuoleTal os
YEWTOMNOUG €UpUTEPNG ONUAciag (YEWAOYIKA — YEWHOPQOAOYIKA Mvnueia) nou BpiokovTal
EVTOG MPOCTATEUMEVWV MEPIOXWV HE OKONd va GOUPPBAAel oTnv npooTacia Kal Tnv
anoteAeopaTikn diaxeipion Toug. H npoTeivopevn pebodoAloyia agloAoynong nepihappavel £g
KATNYOoPIieg KPITNPIWV 1)ENIOTNHOVIKN Kal eknaldeuTIkn a&ia, 2) YewnolkiIAOTNTA, 3) BIoAOYIKN
kar aiodnTikn a&ia, 4) noAmoTikr) a&ia, 5) ansiAég kai avaykeg npooraagiag 6) SUVAUIKO yid TNV
a€lonoinon Toug.

H epapupoyn Tng peBodoAoyiag vyiverar o 14 onuavTikéG B€0eiC yewTOMWV Mou
nepiAappavovTtal og NPoOCTATEUOUEVEG MEPIOXEG.

H diadikacia a&loAdynong Twv YEWTONWY anoTeAei NpoUndBeon yia Tov oxedIaouo KAl Thv
epappoyn evog oxediou diaxeipiong TNG YEWNOIKIAOTATAG Wiag neploxng (geodiversity action
plan) To onoio 8a nepiAauBavel dpdaoceig nou agopolv oTnv npooTtacia, avadeiEn, npoBoAn
kal npdao@opn a&ionoinon TNG PUCIKAG KANPOVOUIAG TNG NeEPIOXNG.
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Abstract

Greece is characterized by a complex geological setting and evolution and was subjected
to a variety of geological and geomorphological processes, resulted in a high geodiversity.
As a result a large number of spectacular landscapes and geosites are present in the
country’s protected areas.

In spite of their intrinsic value for the natural environment the protection of geosites in
Greece is related mainly to the conservation of habitats and ecosystems or with the
protection of cultural sites. Thus geosites failed to gain attention autonomously, as elements
of value for conservation and management.

The aim of this paper is to present a methodology for assessing geosites lying in
protected areas which will contribute to the appropriate management of the sites.

The evaluation process includes six criteria: 1) scientific and educational value; 2)
geodiversity; 3) ecological and aesthetic value; 4) cultural value; 5) potential threats and
protection needs; and 6) potential for use.

In this study 14 geosites of different size and categories were selected, classified and
assessed using the above mentioned methodology.

The results can be used be the managing authority of each site to establish a
geodiversity action plan and encourage geoconservation and sustainable local development.

1. Introduction

The term Geosite is used by IUGS in 90’s to describe first-class importance to global
geology sites, outstanding examples representing major stages of Earth history, significant
ongoing geological processes in the development of landforms (Gray 2004). The term
geotope in German literature was proposed (Strum 1994) as a loan-term from Biology. A
Geotope is the geological component of the abiotic matrix present in an ecotope.

The term geomorphosite is proposed to describe landforms presenting a particular
importance for the comprehension of Earth history, spatially delimited and scientifically
clearly distinguishable from their surroundings (Grandgirard 1997, Reynard 2005).

During the last decade several synonyms have been used: geomorphological assets
(Panizza & Piacente 1993), geomorphological sites (Hooke 1994), geomorphological
geotopes (Grandgirard 1997), sites of geomorphological interest (Rivas et al. 1997).
According to the broad definition proposed by Panizza (2001) geomorphosites are
geomorphological landforms that have acquired a scientific, cultural/historical, aesthetic
and/or social/economic value due to human perception or exploitation. According to a more
restrictive definition a geomorphosite is defined as a part of Earth surface of particular
importance for the knowledge of Earth, climate and life history (Reynard 2004). They can be
single geomorphological objects or wider landscapes (Reynard and Panizza 2005).

Every geomorphosite is located within a particular landscape. Current landforms are the
result of three evolutions, the history of rocks, the history of tectonic deformation and the
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history of landforms (Reynard 2005).

The Geopark concept was developed mainly in Europe in cooperation with UNESCO.
Geoparks are nationally protected areas which include a number of internationally important
geological heritage sites (geosites and geomorphosites) on any scale, or a mosaic of
geological entities of special scientific importance, rarity or beauty. These features are
representative of the region’s geological history and the events and processes that formed
it. Geoparks have well-defined limits and comprise large enough surface area for it to serve
local economic and cultural development (Eder and Patzak 2004, Zouros 2004).

Until recently, no international convention specifically on geological heritage existed.
Taking into account the importance of common goals for advancing geological heritage
activities, educating the public on the environment, and promoting regional sustainable
development, the United Nations Educational, Scientific and Cultural Organization (UNESCO)
decided to establish the Global Geoparks Network of National Geoparks in February 2004
providing UNESCO's support to and co-operation with National Geopark initiatives.

This initiative of UNESCO to support Geoparks responds to the need for an international
framework to enhance the value of the Earth’s heritage, it's landscapes and geological
formations, which are key witnesses to the history of life. Geology and landscape have
profoundly influenced society, civilization, and the cultural diversity of our planet (UNESCO
2006).

Geosites in Greek protected areas

Greece with its complex geological and geomorphological setting and evolution, the great
variety in climatic conditions and the numerous islands and convoluted coastline presents a great
diversity of natural scenery. The abiotic diversity and the "mosaic" of micro-climatic types, is
reflected in the presence of a highly diverse flora and fauna and a great variety of ecosystems.

Greece is primarily a mountainous country, with seventy per cent of its territory covered
by mountains (42 summits over 2000m) and a very long coastline, with a plethora of
peninsulas, gulfs and islands.

The Hellenic orogen is a composite one, consisting of three orogenic belts (Mountrakis
2005). The first one is the Cimmerian internal belt, in pre-Late Jurassic times as the result
of the northward drift of Cimmerian continental fragments from Godwana towards Eurasia.
Rodope mountain range is the most prominent feature. The second one is the Alpine
orogenic belt, created during Cretaceus-Tertiary times after the Neotethyan subduction
beneath the Cimmerian-Eurasian plate and the collision of the Apulia to the great plate.
Pindos mountain range is the main feature of this belt. The third one is the Mesogean
orogenic belt along External Hellenic arc, due to the Mesogean-African underplate beneath
the unique Alpine-Eurasian plate in Miocene-Pliocene times and the exhumation of the
Cretan-Southern Peloponnesus tectonic windows (Figure 1). During Alpine and Mesogean
orogenic processes in Tertiary a SW migration of successive compressional and extentional
tectonic events took place, producing nape stacking and extentional exhumation of
underplate rocks. During Pliocene to recent times the extensional processes continued in the
broader Aegean area producing normal and strike-slip faults.

The complex geological and geomorphological setting and evolution of the Hellenides
resulted to the presence of a high geodiversity. A large number of spectacular geosites are
present in the country’s protected areas (Figure 2). Some of the most important geosites
such us the Meteora, the Olympus mountain, the Samaria gorge in Crete, the Lavrion
ancient mines included in the Sounion NP, the Petrified forest of Lesvos, the Vicos and Aoos
gorges in Epirus, the Diros caves in Peloponnesus, the Santorini volcanic caldera, the
Prespes lakes in West Macedonia, the Falakron Mountain - Aggitis karstic system in Easter
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Macedonia, the Northern Pindos Mountain chain, the Tempi valley and Pinios river delta, the
Psiloritis Mountain in Crete, the Milos island etc are well-known, legally protected and
established tourist attractions with thousands of visitors each year.

Although the intrinsic value of geosites and geomorphosites for the natural environment
is broadly accepted, their recognition in Greece is related mainly to the conservation of
habitats and ecosystems or with the protection of cultural sites. Geosites and
geomorphosites failed to gain attention autonomously within the protected areas as
elements of value for conservation and management.

The need for conservation and appropriate management of the reach geodiversity in the
protected areas and especially to those including geomorphosites and geosites of outstanding
importance and value, led to the establishment of the first Greek Geoparks, the Lesvos Petrified
Forest geopark in 2000 and the Psiloritis geopark in Crete in 2001 (Zouros 2004).

L
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Figure 1. Structural sketch-map showing the three orogenic belts of the Hellenic Orogen and
their extension to the Minor Asia region. Cimmerian continental fragments and ophiolitic
sutures after Mountrakis 1986 and 2005.
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.

Figure 2 — W.H. Sites, Biosphere reserves, National parks and other protected areas in Greece.
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3. Geosoite / Geomorphosite assessment methodology

Assessment methodologies have been recently established using quite similar criteria
(Grandgirard 1997, Reynard 2004, 2005, Coratza & Giusti 2005, Bruschi & Cendrero 2005,
Serrano & Gonzalez-Trueba 2005, Pralong 2005).

The methodology applied to assess geosites / geomorphosites in Greek protected areas
uses a series of six criteria. For each criterion several indicators are adopted: 1) scientific

and educational value : integrity, rarity, representativeness, and exemplarity; 2)
geodiversity; 3) ecological and natural aesthetic value; 4) cultural value; 5) potential threats
and protection needs : legal protection, vulnerability; and 6) potential for use

recognizability, geographical distribution, accessibility, and potential for generating
economic activities (Zouros et al. 2004a, Zouros 2005, Zouros 2007).

For each criterion or indicator a ranking from O to 10 or in some cases from O to 5 is
been used. The incorporation of criterion 1 in the evaluation process was performed by
assigning a numerical value (within a range 40-0) based on the integrity (10-0), rarity (10-
0), representativeness (10-0), and exemplarity (10-0) of each site.

A numerical value (10-0) was assigned to criterion 2 based on the number of
distinguished geological and geomorphological phenomena that appear in each site.

Criterion 3 was incorporated by assigning a maximum (10) or minimum value (0) based
on the site characterization by international designation or by national or regional legislation
(WHS- Natural World heritage site or MAB-Biosphere reserve, National park or National
natural monument, Natural park, Regional park, Locally protected site)

Criterion 4 was incorporated by assigning a maximum (10) or minimum value (0) based
on the site characterization by international designation or by national or regional legislation
(WHS- Cultural World heritage site, National cultural monument, Cultural landscape or
landscape of outstanding aesthetic beauty, Regionally protected site, Locally protected site).

A numerical value (5-0) was assigned for each one of the two indicators which compose
the criterion 5. The level of legal protection was taken into account by assigning a value
from 5 to O (international designation, national park or monument, protected by national
legislation, regional protection, poor protection, no protection) Similarly the presence and
the magnitude of potential threats were taken into account by assigning a value from 5 to O
(uncontrollable risk, strong pressure, moderate risk, controlled risk, poor risk, no risk).

A numerical value (5-0) was assigned for each one of the four indicators which compose
the criterion 6, recognizability (international, national, regional, local, known only by
scientific community, unknown), geographical distribution (numerical value expresses the
percentage of the space occupied by the geomorphosites in comparison with the total
surface of the protected area), accessibility (by a road of regional or national importance, by
local road, by unsurfaced road, by foot path, with permission only, no access) and potential
for generating economic activities (more than 75.000 visitors, more than 50.000 visitors,
more than 20.000 visitors, more than 5.000 visitors, less than 5.000 visitors, no visitors).

The quality of geomorphosite is expressed by the total number of credits ranking
from 0 -100.

The results of the assessment of selected geosites / geomorphosites are shown in Table
1. The evaluation of the above mentioned six criteria allows comparing the importance of
each attribute in the assessment of the sites. Assessment of the 14 first class
geosites/geomorphosites, led to their classification according to their intrinsic value, their
ecological and cultural value as well as management value. All examples can be considered
as geomorphological landscapes (Reynard 2005) rather than single
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geosites/geomorphosites.

Regarding the final assessment, the percentage of high-scoring geosites is outstanding,
showing excellent scoring for scientific and educational value, ecological and cultural value,
as well as management value.

The same methodology can be used to evaluate each single geosites/geomorphosites
present within the national protected areas in Greece, thus representing a useful
management tool.

In Geoparks the recognition of the values of the earth heritage sites is part of an holistic
concept of protection, education and sustainable development. Assessment methodology
can help the Geopark management by quantifying values of geomorphosites, to take into
account the whole geographical setting of the region.

4. Conclusions

Geosites have the potential to gain recognition as natural and tourist resources with
serious economic effects, especially for those located in protected areas. The proposed
methodology for geosite / geomorphosite assessment applied in Greek National parks
showed that the examined geosites / geomorphosites fulfil the criteria to be characterized as
great attractions in terms of scientific and educational value, aesthetic appeal and potential for
use.

The same methodology can be applied in Geoparks for the classification and
characterization of single geosites / geomorphosites. Using the results the managing
authority of each protected area to establish a geodiversity action plan and include activities
aiming the monitoring and safeguarding of the geosites, the valorisation of local identities
linked to their presence, the creation of the necessary touristic infrastructure, the
development of new local products and services, encourage local economic growth and
creation of new opportunities for employment.
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