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Abstract

Identification and evaluation of geosites are essential to the management and conservation of geological heritage. However,
the only systematic geoheritage inventory done so far in a wide area of Brazil is the one in Sdo Paulo State. In order to con-
tribute little by little to a national systematic geoheritage inventory, this paper presents and discusses the method used in the
inventory done in Parana State. As most of the geoheritage inventory and assessment methods were developed in European
contexts, it was necessary to include in the method some adjustments related to local particularities aimed at increasing the
sensitivity of the method to elements of cultural value related to indigenous people and communities of former black slaves
(quilombolas), as well as some ecological aspects. It is expected that the proposed method for the Parana State can be adopted
by other Brazilian states to allow a comparison of the results between the states, which is essential to cover in the future the

whole country with a systematic geoheritage inventory.
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Introduction

Despite the growing awareness of the importance of con-
serving geological heritage, especially in the first two dec-
ades of the twenty-first century (Larwood et al. 2013), sites
that are key to understand the planet's geological evolution
are at increasing risk of total or partial deterioration, mainly
as a result of anthropic activities. In Brazil, knowledge and
conservation of geological heritage still lack attention from
public agencies and policies, educational and research insti-
tutions and society in general.

The lack of systematic geological heritage inventory
renders the legal protection of a given territory unfeasible,
turning it subject to irremediable destruction (Brilha 2016).
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According to Wimbledon et al. (2000), geoconservation is
fundamental to the maintenance and preservation of geologi-
cal heritage, as the lack of conservation of important sites
would eventually compromise the progress of science.

Geoconservation also serves land management and nature
conservation as it allows the statutory protection of geosites.
In order for geoconservation to be effective, a legal frame-
work is necessary addressing the needs of a given geological
heritage (Carcavilla Urqui et al. 2007). Unlike Spain, Por-
tugal and Great Britain, for instance, where specific laws
are in force to protect geological heritage, the Brazilian leg-
islation is mainly aimed at protecting biodiversity, whilst
abiotic resources are addressed only secondarily (Pereira
et al. 2008).

Spain (Garcia-Cortés et al. 2019), Norway (Erikstad
1984), The Netherlands (Gonggrijp 1988), Ireland (Daly
1990), Switzerland (Grandgirard 1996; Bruschi 2007),
and the UK (UKRIGS 2001) were the first countries to
develop geoheritage inventory methods. A detailed histori-
cal approach on this subject is presented by Garcia-Cortés
et al. (2019). After studying quantitative valuation methods
applied to geosites in several countries, Garcia-Cortés et al.
(2019) pointed out the lack of a universal unifying valuation
system. These authors recommend that existing literature
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should be reviewed as valuation criteria need to be adapted
to each territory, scale, and inventory purpose.

Despite the increasing number of studies carried out in
Brazil over the recent years, only Sao Paulo state has reached
a state-level inventory that identifies and quantifies its geo-
logical heritage in terms of vulnerability and scientific value
(Garcia et al. 2018).

The geoheritage inventorying methods most frequently
applied to Brazil were conceived in European countries with
a vast accumulated scientific knowledge. Compared to these
countries, the geological knowledge of the Brazilian terri-
tory is limited due to its size, available resources and acces-
sibility constrains to some vast areas.

Another weakness of some Brazilian geoheritage inven-
tories concerns the lack of criteria related to the presence
of certain human groups, such as indigenous peoples and
quilombolas (communities of black slaves descendants).
Such criteria allow for a greater sensitivity in recognising
cultural and ecological geosites value. In some areas, par-
ticularly on the outskirts of large cities the lack of safety
conditions to allow geoscientists to develop fieldwork is
another difficulty to face in some countries like Brazil.

Carrying capacity assessment is another criterion to
be considered in the vulnerability analysis of sites where
that could be damaged by treading or sites where delicate

Fig. 1 Brazilian geosites on
SIGEP database. Northeastern,
southeastern and southern
parts of the country are those
of higher geosite concentration
which correspond to areas with
higher geological knowledge
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structures, sedimentary features or rocks could be easily
destroyed.

The geological heritage quantification method applied to
geosites of Parana involved: (1) detailed characterization of
geosites based on published literature and fieldwork and (2)
quantitative analysis of criteria according to pre-established
scores. The systematic description of geosites, its assessment
and final rankings were stored in spreadsheets.

Geoheritage Assessment Methods Most
Frequently Applied to Brazil

It was only a few decades ago that geoheritage inventories
initiatives started in Brazil. The first one dates back to 1993,
when the Brazilian National Department of Mineral Produc-
tion (DNPM)—now the National Mining Agency (ANM)—
collaborated with the UNESCO to establish an inventory
of sites to be included in the World Heritage List (Lima
et al. 2010). It was only in 1997, however, that systematic
inventorying of the Brazilian geological heritage begun
(Schobbenhaus et al. 2002), with the establishment of the
Brazilian Commission for Geological and Paleobiological
Sites (SIGEP). Until 2012, this Commission has selected
116 geosites (Fig. 1), of which 11 are located in Parana.
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The Geoparks of Brazil project was established in 2006
by the Geological Survey of Brazil (CPRM). This project
involved identification, description and evaluation of Brazil-
ian geosites in areas with geological potential where geopark
projects could be implemented. Their results were published
in the 2012 Geoparques do Brasil: propostas volume, which
presents an inventory of 17 areas including 362 geosites.
Two of these geoparks proposals are located in the Parana
state.

Another relevant inventory initiative made by CPRM is
GEOSSIT, an online application for the evaluation of geo-
sites and geodiversity sites (Rocha et al. 2016). The pur-
pose of GEOSSIT is to maintain a national database where
researchers across the country can store and evaluate geo-
logical sites of geological interest under a unified inventory
method.

Regarding the main geoheritage quantification methods
applied to Brazil, Romao and Garcia (2017) point out that
those by Brilha (2016) and GEOSSIT are the most frequently
applied ones (e.g., Azevedo et al. 2012; Guimaraes et al.
2012; Vieira Janior et al. 2012; Wildner and Ferreira, 2012;
Prochoroff 2014; Arruda et al. 2015; Covello and Horn Filho
2015; Santos et al. 2015; Oliveira and Goya 2016; Moura
and Garcia 2016; Reverte et al. 2016; Albani et al. 2020;
Nascimento et al. 2020; Tavares et al. 2020). Some inven-
tories were carried outbased on the Garcia-Cortés and Car-
cavilla Urqui (2009) and Lima et al. (2010) methods (e.g.,
Mansur 2010; Pocidonio 2015; Almeida 2016).

The method by Lima et al. (2010), which is an adapta-
tion of the one proposed by the Junta de Andalucia (2002),
was precursor of the discussion about inventories in Brazil.
In thhis method, the didactic (10 criteria) and recreational
(10 criteria) values and the degradation risk (5 criteria) of
geosites are evaluated. Each criterion comprises parameters
with values from 1 to 4. The arithmetic mean value assigned
to each criterion is classified into three potential intervals for
educational or recreational purposes as low (100 to 200),
medium (201 to 300) and high (301 to 400).

The results achieved by applying the method of Lima
et al. (2010) indicate the most appropriate use for a geo-
site and management and conservation measures. However,
it does not include a quantification of the scientific value
which is justified by the authors due to the fact that inven-
toried geosites already have a recognized scientific value.
However, the ranking of a set of geosites is impossible to do
without assigning each geosite a scientific value.

In Brilha (2016) method, geosite refers to an in situ
occurrence with scientific interest (and eventually other
types of values), whereas geodiversity site is related with
educational, aesthetic, ecological and/or cultural values.
eAccording to his proposal 37 criteria are evaluated com-
prehending scientific value (7 criteria), potential use for edu-
cation (12 criteria) and for tourism (13 criteria) and risk of

degradation (5 criteria). The criteria, which are divided into
sub-criteria, are attributed weights ranging from 1 to 4. The
final score of the site is given by the weighted sum of values
assigned to each criterion.

For the assessment of the scientific value Brilha (2016)
includes the use limitations criterion, which addresses the
geosite’s potential use rather than its scientific value. The
inclusion is justified by the need to evaluate potential limi-
tations to the site’s use for scientific research. The method
also calculates the potential use of the site for touristic and
educational purposes rather than its scientific use. According
to Brilha (2016), such a distinction results from the under-
standing that geosites must be preserved for their scientific
value regardless of immediate its effective use. The same
does not apply for sites of educational and/or touristic value,
whose protection is mainly justified for such purposes.

Brilha (2016) makes a clear emphasis on the scientific
value. According to this author, geological sites with little
or no scientific value (geodiversity sites), even those of high
scenic, cultural or touristic values should not be considered
as geoheritage, which does not mean that geodiversity sites
should be neglected in a geoconservation strategy. The main
aspect to point out when discussing the method of Brilha
(2016) is that its application to countries of large extension,
great geological diversity and, as mentioned above, limited
scientific knowledge, especially regarding geosites of global
relevance, as is the case of Brazil, makes most places sites
of geodiversity. The need to evaluate cultural aspects has
been discussed by authors such as Gravis et al. (2017, 2020a,
b, Fepuleai et al. 2017; Nemeth and Cronin 2009, Nemeth
et al. 2017, Nemeth and Fepuleai 2017) . According to these
authors, greater weights should be attributed to cultural
aspects in the assessment of geological heritage through the
methods currently used, which would allow such aspects to
be addressed more explicitly and representatively as a basis
for community education and, consequently, conservation
of the identified sites.

The GEOSSIT application, accessible at http://www.
cprm.gov.br/geossit/—in Portuguese, was originally struc-
tured following the inventory methods of Brilha (2005) and
Garcia-Cortés and Carcavilla Urqui (2009). The application
was subsequently revised to adopt the method and concepts
of Brilha (2016), with minor adaptations to criteria such as
key-locality, geological diversity, proximity to areas/activi-
ties with a potential for causing damage; safety, associa-
tion with other values, and geological diversity. GEOSSIT
is an open access tool, developed to standardize the inven-
tory and quantification of geological sites at country-wide
scale. The application operates on a specific database of
the GEOBANK system, on which all information about the
geosite is stored, thus enabling further computer processing
(Schobbenhaus et al. 2015).
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Thirty-seven parameters are evaluated by GEO SSIT,
each one comprising different items with assigned values
ranging from O to 4. Sites are evaluated in terms of scien-
tific value, educational and touristic potential use and deg-
radation risk. The application presents unified information
about geosites but its main limitation is that criteria which
are essential to Brazilian context, such as the distinction
between natural fragility and man-made vulnerability, car-
rying capacity, personal safety and ecological and cultural
aspects are not taken into account.

The inventory method of Garcia-Cortés et al. (2019) was
developed in order to evaluate Spanish geological heritage
of national relevance. Spain is administratively divided into
autonomous regions. By the time the method was presented,
several regions had already carried out their own geological
heritage inventories. Therefore, the purpose of the method
was to standardize the quantification of geological heritage
in the various regions of the country according to scientific
(7 criteria), didactic (13 criteria), and touristic (11 criteria)
values. Vulnerability to anthropogenic threats (9 criteria) is
also calculated. A value ranging from O to 4 is assigned to
each subcriterion, the sum of which being multiplied by the
corresponding criterion weight. The method also allows the
calculation of the natural vulnerability, which depends on
its fragility and presence of natural threats, its susceptibility
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to natural or anthropogenic degradation, and its degradation
risk, which determines its degree of protection priority.

A remarkable aspect in the method of Garcia-Cortés
et al. (2019) is that, unlike other methods, geosites located
in regions of low socioeconomic level are attributed higher
scores than those in regions where per capita income is
higher than the regional average, thus aiming to encourage
socioeconomic development actions. Criteria and weights
of the inventory methods most frequently applied to Brazil
are summarized in the Fig. 2.

Figure 2 reveals differences of criteria and respective
weights between Brilha (2016) and GEOSSIT methods.
Some criteria were added by Garcia-Cortés et al. (2019)
especially regarding educational and touristic values and
degradation risk. Discrepancies exist in the weights assigned
to some criteria, which is also observed in the method of
Lima et al. (2010), which reflects the knowledge evolution
over decades of research.

(c) Touristic value of a geosite
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Fig.2 Criteria and weights in the geological heritage inventory methods most frequently used in Brazil. Horizontal scales represent attributed
weights: (a) scientific value, (b) educational value/potential, (c) touristic value/potential, (d) risk of degradation/vulnerability
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The Adjusted Method Applied
to the Geological Heritage Inventory
of Parana

Since the first geoheritage inventories that the need for geo-
site conservation has been assessed based on its scientific
importance. However, other interests (educational, cultural,
recreational, scenic and historical) have also been consid-
ered. As geological heritage can be assessed both by strict
scientific evaluation and incorporation of educational, tour-
istic and cultural values, two types of inventories can be car-
ried out, the systematic and the reconnaissance or advanced
reconnaissance ones (Garcia-Cortés et al. 2019).

In systematic inventories, the geological context is com-
partmentalized into thematic blocks that correspond to, e.g.,
chronostratigraphic units, sedimentary and/or structural
domains, or even metallogenetic domains. Representative
sites are selected by specialists based on previous knowl-
edge and/or fieldwork. Only criteria of scientific value are
considered in this type of inventory. In reconnaissance or
advanced reconnaissance inventories, in the sense of Carcav-
illa Urqui et al. (2007), sites are selected by specialists who
are familiar with the geodiversity of the inventoried area by
using Delphi or similar methodology. In such cases, special-
ists can propose relevant sites based not only on scientific
value. Therefore, in this second type of inventory, quantita-
tive assessment criteria must necessarily consider all types
of values (Garcia-Cortés et al. 2019).

Considering mainly the extension, geological knowl-
edge and available funding, an adjusted reconnaissance or
advanced reconnaissance approach in the sense of Carcavilla
Urqui et al. (2007) was chosen to by applied to the state
of Parand. The inventory involved bibliographical research,
thematic categorization, selection of representative geologi-
cal sites and consulting to experts. As previously mentioned,
in such heritage inventories specialists are not prevented
from proposing sites considered relevant not only for their
primarily scientific value, but also for other types of val-
ues. In a state-wide geological heritage inventory, i.e., of
regional character considering the extension of Brazil, the
educational and touristic relevance were also considered.

Compared to the quantitative assessment methods men-
tioned above, only minor modifications were introduced to
the scientific criteria, mainly in weights attributed to some
criteria. The more extensive adaptations regard the didactic
and touristic values, which are not addressed as “potential
educational and tourist use,” but as values, since, as previ-
ously mentioned, specialists are not prevented from selecting
geosites as relevant based on such values in reconnaissance
inventories. The main modifications concern social and cul-
tural aspects of geosites, with greater evaluation emphasis
being placed on ecology and culture-related elements, as

well as elements related to original human groups such as
indigenous peoples and quilombolas (former black slaves).
Personal safety was another criterion included, as some geo-
sites are located in areas where visitors would be subject to
inconveniences such as theft, robbery or even to being hit by
vehicles. Another evaluation highlight is the distinction, in
vulnerability analysis, between natural fragility and anthro-
pogenic vulnerability, which, unlike in the methods of, e.g.,
Wilson (2013) and Garcia-Ortiz et al. (2014), are not taken
into account in the methods of, e.g., Brilha (2016) and GEO-
SSIT, the most frequently ones applied to Brazil. The item
carrying capacity was included in the vulnerability analy-
sis in order to assess the sensitivity of geosites constituted
by sediments or easily disaggregated rocks, which usually
contain delicate structures that could be damaged by tread-
ing. The adapted method presented here proved to efficiently
evaluate geosites when applied to the geological heritage of
Paran4, indicating its potential for use in similar territories.

Geosite Characterization

Each geosite selected by experts under each geologi-
cal framework was characterized using an adapted form
(Table 1).

Three elements of information guided the standardiza-
tion of geosite names. The first one regarded the element
under consideration. The second one regarded rock age. The
third one regarded toponymy (Vegas et al. 2011). The nam-
ing convention applied was flexible, with exceptions being
raised for excessively long names (Garcia-Cortés et al. 2019)
and geosites with already established names.

Site typology was based on the definitions of Fuertes-
Gutiérrez and Fernandez-Martinez (2010). Point refers to
an isolated site less extensive than 10.000 m>. Section refers
to an extensive linear rock outcrop, riverbed, canyon, road
or highway. Viewpoint refers to a site located away from the
geomorphological feature. For the purposes of the present
study, a viewpoint consists of two elements: the landscape/
landform and the best place to observe it. Geosites were
described and evaluated according to both these compo-
nents. The inventoried landforms are usually large, which
reduces their risk of degradation. Viewpoints, on the other
hand, can be subject to various different threats. Such loca-
tions can be suppressed due to, e.g., road widening works.
Area refers to a site larger than 10.000 m? containing sim-
ple geological elements. Complex area refers to a large site
aggregating several points, sections, areas and/or observa-
tion points.

In geosite location, well-known public establishments
or highways in the region were adopted as locational refer-
ences. Access refers to the route from a highway or road to
the site. In classification, the main thematic classification,

@ Springer



(2021) 13:108

Geoheritage

Page 6 of 18

108

O mol
O mol
O peq

0 usiy
O usiy
0 usiy
O usiy

O usiy
O usiy
0 ysiy
0 ysy
0 ysy

01eo
-130[0JUAWIPaS

() reor3orerounu

O1eo
-13o1oydIowoad

a1y () pred () pa[onuod () 901) () UOHENSIA
;resodoxd sredoa3 Aue ur jxed oye) 1 seo(q

0 wnipow
() wnipows

(O ymoyyip

() Teor3oronad
0

sneuaso[elow

() orydeaSnens

() wnpow
() wnpow
() wnipaw
() wnpow

0 umnipous
0 wnipaus
0 wnipaus
0 wnipaws
0 wnipaus

() A10108)STIRS

0 usty

0 usy
() poos

(w) WSy
() 9reIopowr ()Asea

O mop
O mop
O mop
O mop

O mop
O mop
(mop
O mop
0 mop

Ay[Iqerauna eijeu
Aynpiqersuna sruagodoxyjue
SUONIPUOD UONBAIISO
() eore

(w) |pa

$S9008

NOILLVIYTVAH AdVNINITHdd
19710

o1SLINO)

[euoneonp?

JYNUALOS

asn [enudod

[emno

uorssardxa o1uads

onjeA onaYIsor

[eo1301009

[eo13o[oaeyore

)M PIJEIOOSSE UOTIBOYISSL]O JIS0[0a5-UON

() ™o
() Teo13o103uoored
() surrew

() Teo18010972ds

() 1eINIONI)S-0U0)I)
() TeyuowruoIIAUQ09ed
() Teo130109301pAY

() swdrqomnse
UOBOYISSE[O O1S0[090)

NOILVDOIAISS VIO DILVINHHL

$S900Y
JIewpue| 1SoIedu
Kypedorunyy
SOJEUIPIO0))
NOILVDO1

ou ‘321 JgOIS

¢1oued YVIOIANTIN ® 948Y 1 S0

adA7,
oweN

1039380 101501090

NOILVOIALLNAAI

(6100) T8 10 $910D-EJoTRD)

pue (9107 ‘T8 30 eyd20y) LISSOTD ‘(S007 ey[ig) [eSmIod/QHD0Id—oSe)ILol [ed1S0[090) 9y} JO UONBAIISUO)) ) 10 UONRIO0sSy ueadoing Qy[ WOIj PIyIpOW ‘ULIO) BIep 9)IS0D) | d|qeL

pringer

Qs



108

Page 7 of 18

(2021) 13:108

Geoheritage

() [euonisuen () surrew

() S[IssoJ 2AISN[OXd
() (anmis1ado]
-1ss50f) uoneArdsaid reuondadxe

() uonoojoxd o[qeure)sns

() ou

0 Texopay 0 ars

() auoz ueqin

() TexmnoLIde

pr0oax orydiowre)o]N

SUONBAIISqQ

S2INJBIJ / S2INIONIS SNOAUT]

SIMXa,

sadKyjoyrg

P10931 Snoau3|

sanunuoosip sydersnens

SaINJe9) AIRJUaUWIpas / [eINjonng

(s) adKyoyry

SJUSWIUOIIAUD JUIOUE JO SAdAT,

() [eyu_UNIUOD SJUSWUOIIAUD JUIOUY
PI0931 AIRJUSWIPS
NOILVZIdd.LOVIVHD TVOIDOT0dD
() oo

(O Aiszoarp
() (spaq auoq 39) yunowre Teuondaoxa reuondaoxa

() @oueoyIU
() ooueoyrudIs [eIMNO  -3IS [BOLIOISTY

JUSIUOD [ISSO]
MIOMHNV YA TVIOIDOTOLNOA TV
{10r1U09 [B2150[000)

UOTJRULIO]

nun

By

MIOMHNV YA TVIIDOTOID
{UOTIBAIISUOD PAaU )1 S90(]

(uonoayord joarrpur 03 309[qng

JIUN UOTJBAIISUOD 9Y) JO dWEN

() wonoaoxd [ny J1un UOIIBAIISUOD

() 5ok parst|

orearad

O Tedmomunw orqnd

NOILLVAYdISNOD

() duoz [ernsnpur BAIE [RINI-UOU UT 9)1S03
() 110§ BOTR [RINI UI 9)IS093

jea1y) jo odAy

(ponunuoo) | sjqey

pringer

A's



(2021) 13:108

Geoheritage

Page 8 of 18

108

31 591G [B9130[01qOJ[ed PUB [EOIS0[0IN) I0J UOISSTIWO)) UeIIZeld Y], :{JHOIS s+

puRIRg JO AOIAIRS [BII50[09D) JOUNJI *IVAOIANIN

Q118 Teor3ojoydiowoas aanode ()

SUOTIBAIISqQ)
aeq

SHONHYFAT

() uwnjoo 10 uonoas osryderSnens () dewr [or3010a3 () seyorays () sojoyd
SINHNNDO0d

STVIEANIN XdANI/SLISOdAd TV IANIN

SHINLVHL TVIIDOTOIAAH/TVIIDOTOIDOIYJAH

s Teor3ojoydiowoad aarssed ()

SHINLVHL TVIIDOTOHdIOWOED

SaIMoONI)S IRUR[J

SQINIONIS IBAUI|

QwWISaI O1U0)09],

uorewIofap jo adAJ,

UONRWLIOJO(]

SUOTIBAIISqQ)

sameay / sernyonys orgdioweiajy

SaIXa,

sadKyjoyry

saroe) orydrouwrelo|y

wsrydrowrejouwr Jo adA,

(ponunuoo) | sjqey

pringer

fH's



Geoheritage (2021) 13:108

Page90of18 108

associated secondary classification and potential use were
marked as of A (high), M (medium), or B (low) value. For
sites where one or more such items were absent, the cor-
responding classification cell was left blank.

In main thematic classification, geosites were ranked in
descending order of importance as being of main (3), sec-
ondary (2), or tertiary (1) interest. The corresponding cell
was left blank for sites where no interest was identified.

Remnants (artifacts, paintings, bones etc.) belonging to
the culture and/or lifestyle of past human groups were con-
sidered to be elements of archaeological interest. Sites of
ecological interest were those containing relevant biotic ele-
ments. Scenic expression refers to the relationship between
a site and its surrounding landscape as an expression of
regional beauty. Aesthetic value refers to the particular
beauty of the elements that constitute a site, such as mineral
forms and/or structures.

In preliminary evaluation, sites were considered to be eas-
ily accessible when no physical barrier could prevent visitors
from reaching them. Access was moderately easy where only
a few physical barriers made access to the sites somewhat
difficult. Access was considered difficult where many physi-
cal barriers could impede visitors to reach the site. Natural
or man-made obstacles such as vegetation, walls, fences, etc.
are examples of such barriers.

In cases where no obstacle masked or hindered the obser-
vation of geological elements, the site was considered to be
of good observation conditions. Observation was considered
satisfactory where minor obstacles could be found between
visitors and the geosite elements. Observation conditions
were considered poor in sites whose geological elements
were completely masked by obstacles.

Vulnerability, which corresponds to the possibility of a
geosite being deteriorated by anthropogenic and/or natural
causes, was classified as high, where all geological elements
could be affected; average, where the main geological ele-
ments could be deteriorated; low, where secondary elements
of the site were susceptible to deterioration; and very low
where the possibility of deterioration was considered mini-
mal. Erosion, floods, and mass movements are examples of
natural threats. Anthropogenic threats are those represented
by, e.g., mining, road construction, land occupation or any
other human activity capable of damaging a geosite.

Rural sites were those located in municipalities of
reduced urban extension, kept outside the city perimeter by
municipal law and characterized by the rustic use of large
land tracts and low housing density (IBGE 2014). Rural sites
were subdivided into forested, i.e., those located in areas
larger than 500 m? with vegetation taller than five meters
(FAO 2012), and agricultural ones, i.e., areas used for cul-
tivation or grazing outside the urban perimeter. Non-rural
sites were those located in municipalities of predominantly

urban occupation, established through municipal law for
either taxation or urban planning purposes (Master Plan,
zoning etc.) (IBGE 2014). Non-rural sites were subdi-
vided into those located in industrial zones concentrating
industrial or business activities and those located in urban
zones characterized by continuous occupation. Permanent
Protection Areas (PPA), ecological corridors, conservation
units, areas inhabited by traditional populations and buffer
zones are other examples of indirect protection adopted in
Conservation.

Regarding paleontological framing, sites of historical
significance where those bearing an original fossil record,
i.e., sites where a particular fossil type was first described.
Fossils of cultural significance were those bearing some
cultural relation with the population that inhabited in the
vicinities of a geosite. Exceptional preservation (fossil-
lagerstitte) referred to geosites with a high degree of
fossil record preservation. Exceptional diversity referred
to geosites bearing fossils of different taxa. Exceptional
amount (e.g., bone beds) referred to geosites with a large
fossil content. Geosites of unique fossil content were those
showing a fossil content identified as pertaining exclu-
sively to a given age and/or environmental context.

Geomorphological, hydrogeological/hydrological, min-
eral deposits and mineral indices of geosites were recorded
in the corresponding field of the survey form. In particular,
a distinction following the concept of Reynard (2009) was
made in geomorphological features between passive or
active geosites. According to the aforementioned author,
active geomorphological sites are those that allow for
the observation of ongoing geomorphological processes,
whereas in passive geomorphological sites relief forms are
inherited from past, no longer operating natural processes.

Quantification of the Geological Heritage
of Parana

The state-wide quantitative geological heritage inventory
of Parana was based on the method of Wilson (2013),
which in turn corresponds to an adaptation to that of
Garcia-Cortés and Carcavilla Urqui (2009), which was
applied to the Cajon del Maipo region, Chile. Wilson’s
(2013) method proved to be a good development platform
for the purposes of the present study, which prepares the
first geological heritage inventory of Parand. By adapting
the method of Garcia-Cortés and Carcavilla Urqui (2009)
to a Latin American scientific and cultural context, the
Chilean author took advantage of the renowned Spanish
inventory approach. By considering natural vulnerability
a geosite response to natural processes, the method also
allows for setting conservation priorities.
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The method assesses geological heritage according to
their scientific, educational and touristic values. Vulner-
ability is also evaluated, which can support geosite man-
agement. These parameters are evaluated based on 24
indicators, each one being scored 1, 2, or 4 or, in some
cases, zero. Each criterion is assigned a value according
to four degrees of importance: very high (5), high (4),
medium (3), and low (1), in order to allow fundamental
evaluation criteria to be properly highlighted and valued.
The Scientific value of a geosite is evaluated according
to 06 criteria. Educational values and touristic value are
evaluated according to 14 criteria each. Vulnerability is
evaluated according to 06 different criteria.

Scientific Value

In the inventory method applied to the geological herit-
age of Paran4, the scientific value of a geosite is assessed
based on criteria of representativeness, which reflects
how adequately the elements and processes of its geo-
logical category are represented at state-wide scale; rar-
ity, which reflects its importance given the scarcity of

similar geological elements or processes on statewide
scale; integrity, which reflects the extent to which its fea-
tures of geological interest are preserved; type-locality/
type-species, which refers to the bibliographic account of
its being the geographic locality where a given geological
unit, fossil content or mineral species was first described;
degree of scientific knowledge, which refers to its geo-
scientific interest as assessed by the amount of published
scientific information on it or its estimated potential for
future research; and geological diversity, which reflects
the number of additional geological interests (tectonic,
paleontological, mineralogical etc.) identified based on
the evaluator's previous experience and recognized at
fieldwork. Table 2 presents the criteria used to assess the
scientific value of geosites and their respective weights.
Extra details on the weights applied are presented as sup-
plementary material.

No significant modifications were introduced to the
assessment method applied to Parand compared to the
other analyzed methods in relation to scientific value. The
most important scientific value criterion in the methods
of Brilha (2016) and GEOSSIT is representativeness, fol-
lowed by type-location. In the methods of Brilha (2016) and

Table 2 Scientific value (SV) criteria applied to the geological heritage inventory of Parand. SVW: Scientific value weight

Criteria / Indicators Score

A Representativeness (SVW =5)
The geosite best exemplifies its geological category elements/processes in Parani 4
The geosite is a good example of its geological category elements/processes in Parana 2
The geosite partially represents it geological category elements/processes in Parana

B  Rarity (SVW=)5)
The geosite is the only known example of its geological category in Parana 4
Two or three examples of its geological category are known in Parana 2
Examples (four or more) of its geological category are commonly found in Parana

C Integrity (SVW=3)
The geosite is well preserved 4
The geosite shows a certain degree of deterioration 2
Deterioration of the geosite hinders observation of its main geological elements 1

D  Type location / Type species (SVW =3)

The geosite is a type location or type species for its geological category or the site where a fossil or mineral form was first described

N

The geosite is a secondary type location or type species (complements the type location or type species for its geological category) 2

The geosite does not represent a type location or type species of its geological category 0
E  Degree of scientific knowledge (SVW =1)

The geosite is described in international geoscientific literature 4

The geosite is described in national geoscientific literature or is mentioned in state-owned company reports, or has its scientific 2

potential recognized by specialists

The geosite is not described in any form of publication 0
F  Geological diversity (SVW =1)

In addition to its main geological interest, the geosite is of four or more geological interests 4

In addition to its main geological interest, the geosite is of up to three geological interests 2

The geosite is of no interest other than its main one 0
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GEOSSIT, the most important scientific value criterion is
representativeness, followed by type location. In the method
of Garcia-Cortés et al. (2019), representativeness is the most
important criterion, followed by rarity and degree of scien-
tific knowledge. In our method, representativeness and rar-
ity were considered the most important criteria, both being
attributed a weight of 5. The emphasis on rarity is justified
by the fact that if, in addition to being the most representa-
tive of each area, the geosite is also the rarest or unique
occurrence, such heritage could be replaced in the event of
partial damage or destruction.

Integrity and type location/type species were considered
criteria of intermediate importance, both being attributed a
weight of 3. Integrity is the third most valued criterion in
both the method of Brilha (2016) and the GEOSSIT appli-
cation, and the third most important one in the method of
Garcia-Cortés et al. (2019). Type location is the second most
important criterion in both the Portuguese method and in the
Brazilian application, and the third most important one in
the Spanish method. The characterization notes for this cri-
terion in the GEOSSIT application were made more objec-
tive in order to prevent misevaluation of geosites. A more
objective wording with less specific terminology ensures
greater response accuracy from evaluators. The definition
of type species, i.e., the place where a fossil taxon was first
described and/or the place where a certain mineral form was
first described was also included.

In degree of scientific knowledge, technical reports from
state-owned companies were included as valid literature
in the evaluation of the scientific interest of geosites. The
CPRM, for example, is a state-owned entity that carries out
research. However, much of their research on, e.g., regional
geological cartography is presented in the form of internal
reports, with a maturation period prior to publication. Our
method also considers geosites indicated by specialists as
being of potential scientific interest, even if not yet men-
tioned in scientific publications.

In Brazil, where scientific research and investigation
is more recent compared to European countries, it is not
uncommon that sites of scientific importance be discovered
or new scientific knowledge added. For this reason, the
possibility of sites being considered of important scientific
potential by specialists even in the absence of published
knowledge.

Like in the Portuguese method and the Brazilian applica-
tion, geological diversity and degree of scientific knowledge
were attributed a weight of 1 for being considered of lesser
importance when compared to other criteria.

Limitations to use, one of the criteria used in the method
of Brilha (2016) and in the GEOSSIT application, was not
considered. It is assumed that when the scientific impor-
tance of a geosite is evaluated, it is reasonable to consider

the geosite's potential for other uses, but only the scientific
importance of the site.

Observation conditions, as evaluated by the method
of Garcia-Cortés et al. (2019), was not considered in our
method, on the basis that this criterion is more relevant to the
educational and touristic values. The scientific importance of
a geosite is not affected by its observation conditions.

Touristic and Educational Value

In terms of educational value, the geosites of Parana were
evaluated based on their representativeness, rarity and geo-
logical diversity criteria, according to which educational
content reflects the potential use of the geosite in teach-
ing geosciences and/or reporting the importance and use-
fulness of geodiversity; observation conditions reflects
the degree of ease with which the geosite can be properly
observed from its surroundings; accessibility addresses
the difficulty in accessing the geosite; cultural diversity
reflects the geosite cultural interests, e.g., those related
to the culture of original human groups such as indig-
enous peoples and quilombolas, and also archaeological
interests; ecological diversity reflects the geosite interests
relating to biodiversity, such as the varieties of flora and
fauna presente; scenic value estimates the natural beauty
of the landscape in which the geosite is located; access
regime indicates use restrictions dictated by the legal des-
ignation of property of the site; service infrastructure
regards the availability of services such as accommodation
and food in the vicinities of the geosite; natural safety
evaluates risk and natural hazards that might affect the
geosite; personal safety evaluates the possibility of risks
being posed by the geosite to the physical integrity of visi-
tors, such as theft, robbery, being hit by vehicles and aci-
dentes; and health and well-being infrastructure refers
to the availability of health services such as hospitals and
emergency care centers near the geosite.

The assessment of the touristic value of a geosite is simi-
lar to the assessment of its educational value, being based
on criteria of integrity, observation conditions, accessibility,
diversity of interests, scenic value, access regime, service
infrastructure, natural safety, personal safety, and health and
well-being infrastructure. In addition to these criteria, others
are considered, according to which informational content
refers to the geosite potential for geological interpretation by
tourists; recreational and cultural environment reflects the
geosite's touristic potential in association with ecotourism
activities (climbing, rafting, bathing, paragliding etc.) and
cultural-related interests (historical monuments, museums);
population density refers to the number of inhabitants per
km? in the municipality where the geosite is located; and
economic level reflects the Human Development Index
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Table 3 Criteria and weights by which the educational and touristic values of geosites was assessed in Parand. *EVW: Educational value weight;
TVW: Touristic value weight

criteria / indicators score
A Representativeness (EVW=1, TVW=0)
The geosite is the best known example of elements and/or processes of its geological category in Parana. 4
The geosite is a good example of elements and/or processes of its geological category in Parana. 2
The geosite is a partial example of elements and/or processes of its geological category in Parana. 1
B  Rarity (EVW=1, TVW=0)
The geosite is the only example of its geological category known in the state of Parana. 4
Two or three examples of the geological category of the geosite are known in Parana. 2
The geosite is a common example (four or more) of its geological category in Parana. 1
C  Geological diversity (EVW=3 TVW=0)
Other the main geological interest, the geosite is of four or more geological interests. 4
Other the main geological interest, the geosite is of up to three geological interests. 2
The geosite is of no interest other than its main one. 0
D  Educational content (EVW=5, TVW=0)
The geosite is commonly used for educational purposes and is of potential use by any visitor profile, whether layperson or specialist. 4
The geosite has an educational potential for any visitor profile, whether laypersons or experts. 2
The geosite has an educational potential, but only for visitors with specific knowledge in geosciences. 1
E  Observation conditions (EVW=1, TVW=1)
All geosite elements of interest are easily observable. 4
Despite some external masking elements, almost all interesting geosite features can be observed. 2
External elements difficultate observation of the geosite features of interest. 1
F  Accessibility (EVW=3, TVW=4)
The geosite is directly accessible by car or bus (up to 100 m walk). 4
The geosite is accessible after a 101 m to 1 km walk. 2
The geosite is accessible after more than 1 km walk. 1
G  Cultural diversity (EVW=3 TVW=3)
The geosite has more than three elements linked to cultural diversity. 4
The geosite has up to two elements linked to cultural diversity. 2
The geosite does not have any element linked to cultural diversity. 0
H  Ecological diversity (EVW=3, TVW=3)
The geosite has more than three elements linked to ecological diversity. 4
The geosite has up to two elements linked to ecological diversity. 2
The geosite does not have any element linked to ecological diversity. 0
1 Scenic value (EVW=1, TVW=5)
The geosite has four or five of the following characteristics: high relief amplitude, river courses of high flow/large water depths, 4
remarkable chromatic variety, showy fossils or showy minerals.
The geosite presents up to three of the above characteristics. 2
The geosite does not present any of the above characteristics. 0
J Access regime (EVW=I1, TVW=1)
The geosite is located in a free access area. 4
The geosite is located in a protected/restricted area, visitation depending on prior authorization. 2
The geosite is located in a protected/restricted area, visitation being only possible upon prior authorization and/or admission pay- 1
ment.
K  Services infrastructure (EVW=4, TVW=3)
One or more lodging (camping, hotel, etc.) or food (supermarket, cafeteria, restaurant, etc.) establishments with a minimum capacity 4
of 20 people less than 10 km from the geosite.
At least one lodging (camping, hotel, etc.) or food (supermarket, cafeteria, restaurant, etc.) establishment with a minimum capacity = 2
of 20 people within 10 to 30 km of the geosite.
At least one lodging (camping, hotel, etc.) or food (supermarket, cafeteria, restaurant, etc.) establishment with a minimum capacity 1
of 20 people between 30 and 50 km from the geosite.
L  Natural safety (EVW=3, TVW=3)
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Table 3 (continued)

criteria / indicators score
The geosite presents little or no risk of natural accidents (mass movements, very strong watercourses, etc.) to visitors. 4
The geosite presents a moderate risk of natural accidents (mass movements, very strong watercourses, etc.) to visitors, requiring pre- 2
cautionary measures when used for touristic and/or educational purposes.
The geosite presents a high risk of natural accidents (mass movements, very strong watercourses, etc.) to visitors, requiring mitiga- 1
tion measures before its touristic/educational use is permitted.
Personal safety (EVW=3, TVW=3)
The geosite presents little or no risk of robbery/theft, being hit by vehicles or accidents to visitors. 4
The geosite presents a moderate risk of robbery/theft, being hit by vehicles or accidents to visitors, requiring precautionary meas- 2
ures when used for touristic and/or educational purposes.
The geosite presents a high risk of robbery/theft, being hit by vehicles or accidents to visitors, mitigation measures being necessary 1
before its touristic/educational use is permitted.
Health and well-being infrastructure (EVW=4, TVW=3)
The geosite has a health and well-being infrastructure (hospital, police station, mobile communication network) less than 10 km 4
away.
The geosite has health and well-being infrastructure (hospital, police station, mobile communication network) within 10 to 30 km. 2
The geosite has health and well-being infrastructure (hospital, police station, mobile communication network) between 30 to 50 km. 1
Informational content (EVW=0, TVW=4)
The geosite is regularly used for informational activities. 4
The geosite clearly and expressively informs groups of any cultural level about the importance or usefulness of Geology. 2
The geosite informs clearly and expressively groups with some level of cultural development. 1
Recreational and cultural surroundings (EVW=0, TVW=1)
The geosite is commonly used for recreational activities linked to nature (climbing, rafting, bathing, paragliding, etc.) and/or cul- 4
tural activities.
The geosite is located less than 10 km from the area where some recreational and cultural activities related to nature (climbing, raft-
ing, bathing, paragliding, etc.) and/or cultural activities take place.
The geosite is located more than 10 km from the area where recreational and cultural activities related to nature (climbing, rafting,
bathing, paragliding, etc.) and cultural activities take place.
Q  Population density (EVW=0, TVW=1)
The geosite is located in a municipality with more than 100 inhabitants/km?. 4
The geosite is located in a municipality with a population between 25 and 100 inhabitants/km?. 2
The geosite is located in a municipality with less than 25 inhabitants/km?. 1
R Economic level (EVW=0, TVW=1)
The geosite is located in a municipality of HDI lower than the Parana average. 4
The geosite is located in a municipality of HDI equal to the Parana average. 2

The geosite is located in a municipality of HDI higher than the Paran average.

(HDI) of the surroundings as compared to the HDI of Par-
ana average. Table 3 shows the criteria and weights by which
the didactic and touristic values of geosites were assessed
in Parana.

Association with other values, a criteria in the inventory
methods mentioned, was broken down into cultural diversity
and ecological diversity, both related to the assessment of
cultural (archaeological, indigenous and traditional commu-
nities) and biodiversity-related elements found in geosites.
These two criteria were attributed higher scores than in the
inventory methods most commonly used in Brazil. As in
other Brazilian states, many geosites of Parana are associ-
ated with such elements.

Regarding scenic value, the approach proposed in the
method of Garcia-Cortés et al. (2019), according to which

parameters such as high relief amplitude, large water depth
and chromatic variety minimize the evaluator's subjectivity.

Safety, as approached in the method of Brilha (2016) and
in the GEOSSIT application, was broken down into natu-
ral safety, which concerns the potential of the area for for
natural accidents, and personal safety, which refers to poten-
tial threats and inconveniences posed by the geosite to the
physical integrity of visitors, such as theft, robbery, being hit
by vehicles or other traffic incidents. In Paran4, as in other
regions of the country, many sites are in areas of poor social
development on the outskirts of urban centers, where visitors
might be subject to personal integrity risks. This was another
methodological adaptation to Brazilian territories as they
form a context that is different from that of European coun-
tries, where established inventory methods were developed.
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Recreational and cultural surroundings, referred to
in other methods as proximity to recreational areas, was
assessed according to specific parameters such as activi-
ties related to nature and/or culture. The population den-
sity of the area in which a geosite is located is expressed
as the number of inhabitants per square kilometer, which
is adequate to Brazilian regional scenarios. According to
Parana's Institute for Economic and Social Development
(IPARDES), based on 2010 data, large parts of Parana does
not correspond to densely inhabited areas. For this reason,
population density has been classified into ranges of less
than 25, between 25 and 100 and more than 100 inhabitants
per square kilometer.

Economic level, which is characterized by the Human
Development Index (HDI) of the municipality where a geo-
site is located, remained similar to that proposed by Garcia-
Cortés et al. (2019). Socioeconomically deprived munici-
palities, i.e., those of lower HDI, received higher scores to
encourage their development through tourism. The average
Parana's HDI was used for comparison in each municipality
where geosites were present.

Regarding weights by which the educational value is
assessed, similarly to the other inventorying methods men-
tioned, educational content was considered the most impor-
tant criteria, being attributed a weight of 5. This criteria is
followed in importance by service infrastructure and health
and well-being infrastructure, both attributed a weight of 4.
Geological diversity, accessibility, cultural diversity, eco-
logical diversity, natural safety and personal safety were
attributed a weight of 3. Finally, considered of lesser rel-
evance are the criteria of representativeness, rarity, observa-
tion conditions, scenic value and access regime, which were
assigned a weight of 1.

For the assessment of the touristic value of geosites, sce-
nic value was considered, like in the other methods men-
tioned, the most relevant criterion, being assigned a weight
of 5. Information content and accessibility received a weight
of 4, followed by cultural diversity, ecological diversity, ser-
vice infrastructure, health and well-being infrastructure,
natural security and personal security, which were attrib-
uted a weight of 3. Finally, observation conditions, access
regime, economic level, population density and recreational
and cultural environment were considered the least relevant
ones, with a weight of 1.

Vulnerability

Along with accessibility and access regime, in our inventory
method the vulnerability of a geosite is assessed based on
criteria of anthropogenic vulnerability, which reflects the
potential of certain human activities to cause its degradation;
natural fragility, which reflects its potential use in view of
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natural degradation processes; protection regime, which
reflects its protection status when located in a protected are;
and carrying capacity, which indicates the number of visi-
tors it can accommodate over a given period of time with-
out irreversible damage to the environment or impairment
of visitation quality. Table 4 presents the set of criteria by
which the vulnerability of geosites was assessed in Parana.

One of the main modifications in the geoheritage inven-
tory method that was applied to Parané was that, in order
to better assess potential degradation, damage to geosites
was considered to result from both anthropogenic vulner-
ability and natural fragility, and not just from deterioration
of its components as in the methods of Lima et al. (2010),
Brilha (2016) and GEOSSIT, in which deterioration risk
is assessed without distinguishing among its causes. Such
a modification, already present in the methods of Wilson
(2013) and Garcia-Ortiz et al. (2014), possibilitates distin-
guishing potential degradation as due to natural (floods,
mass movements and erosion) or human (mining, intense
traffic or the proximity to large urban centers) causes. Both
these criteria were considered the most relevant ones, being
assigned a weight of 5.

Accessibility and protection regime, which are also con-
sidered in the other inventory methods mentioned, were fun-
damental criteria in assessing the vulnerability of Parana's
geosites, both assigned a weight of 3. Access regime and car-
rying capacity were both attributed a weight of 1. A detailed
description of assessment criteria weights is provided as
supplementary material. Access regime is assessed along
with legal protection aspects in the methods of Brilha (2016)
and GEOSSIT. A similar approach is taken in the method of
Lima et al. (2010), in which both criteria are jointly referred
to as protection regime. In the method applied to the geolog-
ical heritage of Paran, the legal protection of the geosites
was taken into account to address their use as either sustain-
able use or full protection areas according to Federal Law
9985, which established the National System of Conserva-
tion Units (Brasil 2000). It must be stressed that the afore-
mentioned law has been primarily intended for the protection
of biodiversity, geosites being addressed in a secondary way.

Carrying capacity was included in the inventory method
applied to Paran4 in order to evaluate cases when the maxi-
mum recommended number of visitors per period of time
should be calculated by specialists due to the fragility of the
geosite. The calculation is essential, for example, in geo-
sites consisting of sediments or sedimentary rocks that can
be easily disaggregated or damaged by treading, or when
elements of speleological, mineralogical or paleontologi-
cal interest are susceptible to damage. Unlike low visitation
sites consisting of rocks and/or structures hardly subject to
degradation and wear, sites that already are or are predicted
to be of high visitation are recommended to have their carry-
ing capacity calculated. This was another adjustment aimed



Geoheritage (2021) 13:108

Page150f 18 108

Table 4 Vulnerability assessment criteria for the geosites of Parand. VUW: vulnerability weight

criterion/indicator score
A Accessibility (VUW =3)
The geosite is directly accessible by car ou bus or (up to 100 m walk) 4
The geosite is accessible after a 101 m to 1 km walk 2
The geosite is accessible after more than 1 km walk 1
B Accessregime (VUW=1)
The geosite is located in an area of free access 4
The geosite is located in a protected/restricted area, being visited only upon authorization 2
The geosite is located in a protected/restricted area, and is only visited upon authorization and/or payment of an entrance fee
C  Anthropogenic vulnerability (VUW =5)
The geosite is located less than 100 m away from activities that might cause its degradation (mining, busy road, highly populated 4
area, recreational activities)
The geosite is located between 101 m to 1 km away from activities that might cause its degradation (mining, busy road, highly 2
populated areas, recreational activities)
The geosite is located more than 1 km away from activities that might cause its degradation (mining, busy road, highly populated 1

areas, recreational activities)
D  Natural fragility (VUW =5)

The geosite is vulnerable to natural alteration processes (floods, mass movements, erosion, weathering), at a scale that would com- 4

promise its integrity in the short term

The geosite is moderately vulnerable to natural alteration processes (floods, mass movements, erosion, weathering) that would not 2

compromise its integrity in the short term

The geosite is not vulnerable to natural alteration processes (floods, mass movements, erosion, weathering), that would compromise 1

its integrity in the short term
E  Protection regime (VUW =3)

The geosite is located in an unprotected area 4
The geosite is located in a Conservation Unit for sustainable use or is under some other form of protection 2
The geosite is located in a conservation unit of integral protection

F  Carrying capacity (VUW=1)
It is essential to take the carrying capacity of the geosite into account 4
Depending on the expected number of visitors/use of the geosite, the carrying capacity must be calculated 2
Carrying capacity must not be taken into account 1

Table 5 Vulnerability intervals
in the inventory method applied
to geosites of Parana

Value Vulnerability

18 <value <31 low
31 <value<58
58 <value<72  high

medium

at improving vulnerability assessment that possibilitates a
better management of geosites in Parana.

Table 5 presents the vulnerability intervals in our geologi-
cal heritage inventory method. Geosites of low or medium
vulnerability must be monitored to prevent their integrity
from being compromised by human activity. Great attention
must be given to geosites of high and very high vulnerability.

Conclusions

Although regional and local studies on the Brazilian geologi-
cal heritage have grown in number over the recent years, in
most cases by employing inventory methods designed for
application in European contexts, only the state of Sao Paulo
has a state-scale inventory.

A reconnaissance or advanced reconnaissance inven-
tory in the sense of Carcavilla Urqui et al. (2007) was the
approach chosen for the geological heritage inventory of
Parana due to its territorial extension, its current geologi-
cal knowledge degree and the financial resources available.
The inventory involved bibliographical research, establish-
ment of thematic categories, selection of sites of geological
interest and checking by specialists. The selection method
adopted does not prevent specialists from including geo-
sites not only for their primarily scientific value, but also
for other interests. Since the inventorying was carried out
at state-wide scale, i.e., of a regional character given the
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territorial extension of Brazil, geosites had their educational
and touristic values assessed along with their scientific value
and vulnerability.

The inventory method was applied in two stages. In the
first one, geological heritage was characterized by from
information about each geosite, the relevant data being sys-
tematically stored as a database according to frameworks
initially defined for large sedimentary and/or structural
domains. With minor modifications, the data collection
spreadsheets follow guidelines proposed in Garcia-Cortés
et al. (2019), ProGeo/Portugal (Brilha 2005) and GEOSSIT.
The adaptations consisted in the inclusion of data fields for
local information such as the presence or not of informa-
tional displays installed by former MINEROPAR (the geo-
logical survey of Parand), the record number in the SIGEP
(the Brazilian Commission on Geological and Palaeobio-
logical Sites), the inclusion of the geosite in any geopark
proposal, its form of visitation (free, controlled, paid), list-
ing record and new paleontological framing parameters. The
second application stage was designed and adjusted based
on the method described in Wilson (2013), which was devel-
oped for the Cajon del Maipo region in Chile. The main
modifications from this method address cultural and social
aspects and weighting of some criteria. Weights ranging
from 1 to 5 were assigned to each criterion according to five
degrees of importance: very high (5), high (4), medium (3),
and low (1) and, in some cases, zero. Thus, the fundamental
evaluation criteria are properly distinguished.

No major modifications were introduced to the calcula-
tion of the scientific value of geosites, representativeness
and rarity being considered the most important criteria.
Type-species, the geographic location where a particular
fossil or mineral was first described was combined to type-
location. The corresponding explanatory notes were made
more objective in order to data collection mistakes. Techni-
cal reports from state-owned companies were considered
valid publications in assessing the scientific knowledge
degree of geosites. Geosites not mentioned in the literature
but recognized by experts as being of scientific potential
were also inventoried. The inclusion of this item encourages
recognition of potential geosites. In Brazil, as areas with
less detailed knowledge of the territory are still common in
the country.

In order to calculate the educational and touristic values
of geosites, cultural diversity (archaeological, indigenous
and traditional community) and ecological diversity (ecolog-
ical) aspects of the geosites. The weights attributed to these
criteria emphasize their role in the integrated assessment of
geological heritage. Geosites are in the state of Parani and
other parts of the Brazilian territory that must be inventoried
given their close association with these parameters. Natural
safety refers to natural risks posed to the integrity of visi-
tors by the geosite. Personal safety refers to risks of visitors
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being subject to inconveniences such as theft/robbery and
traffic incidents.

Educational content, with a weight of 5, service infra-
structure and health and well-being infrastructure, with
a weight of 4, geological diversity, accessibility, cultural
diversity, ecological diversity, natural safety and personal
safety, with a weight of 3 were the highest valued criteria
by the educational value of the geosites were assessed.
Representativeness, rarity, scenic value and access regime
received each a weight of 1.

In the assessment of the touristic value of the geosites,
scenic value, with a weight of 5, was the criterion of highest
importance, followed by information content and accessibil-
ity, both receiving a weight of 4. Cultural diversity, ecologi-
cal diversity, service infrastructure, natural safety, personal
safety and health and well-being infrastructure received a
weight of 3. Observation conditions, access regime, eco-
nomic level, population density and cultural and recrea-
tional environment received a weight of 1.

In the assessment of vulnerability, anthropogenic vulner-
ability, which corresponds to the potential that certain human
activities have to cause the geosite degradation, and natural
fragility, which reflects the potential that natural processes
have to cause geosite degradation were the most important
criteria. Such a distinction makes it possible to identify threats
as man-made or not. Carrying capacity, which sets the number
of people that a geosite can accommodate over a given period
of time without being subject to damage. The criterion was
included so that the need for its calculation could be assessed
according to the geosite substrate and its rate of visitation.
Sites consisting of easily disaggregated sediments or sedi-
mentary rocks, which can be damaged by treaddind and sites
susceptible to damage such as those of speleological, miner-
alogical or paleontological interest could thus be identified.

The methodological adaptations in our geological heritage
inventory of Parani aimed to improve its assessment accu-
racy, thus contributing to a better management of the state's
geological geosites. We hope that the method will be applied
to other units of the Federation as well. The results will be
fundamental to the implementation of future geoconservation
strategies in Parana and the national inventory of geological
heritage as well.
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