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Abstract
The Seridó, an interstate region of the northeastern hinterlands of Brazil, which encompasses several municipalities between the
states of Rio Grande do Norte and Paraiba, has a geological heritage resultant from a series of natural processes over geological
time, with a remarkable petrologic, structural, stratigraphic, and geomorphologic variety. The region is characterized by
Paleoproterozoic gneisses, Neoproterozoic metasupracrustal rocks, magmatisms ranging from the Paleoproterozoic to Meso-
Cenozoic, and Cenozoic sedimentary rocks. Taking into consideration the uniqueness of this Geological Heritage, it was
developed since 2010 a proposal to create the Seridó Geopark, which has been under development and in 2019 the territory
was officially accepted as an aspiring geopark. With the geopark proposal also becomes necessary to develop geoconservation
strategies. This paper aims to conduct different assessments of 21 geosites of Seridó Aspiring UNESCO Geopark regarding
scientific value, educational and touristic uses, and the associated degradation risk. The work is completed with a classification of
the types of interest, visualization scale, and relevance of geosites. This work provides solid information, including tables, graphs,
maps, and statistic for decision makers to establish priorities for action in order to promote the geosites protection.

Keywords Brazil . Geological heritage . Geosites . Quantitative assessment . Seridó Geopark

Introduction

Seridó is an interstate region located in Northeast of Brazil,
which encompasses several municipalities in the states of Rio
Grande do Norte and Paraíba. It has a remarkable geological
heritage due to innumerable natural processes to which this
region was submitted during the geological time (Jardim de Sá

1994; Van Schmus et al. 2003; Archanjo et al. 2013;
Nascimento et al. 2015; Hollanda et al. 2017).

Specifically, in the state of Rio Grande do Norte, in the so-
called Western Seridó microregion, a latent relationship be-
tween the community and its natural surroundings occurs
since the 1940s with scheelite exploitation for the production
of tungsten, aWorldWar II essential material. There is located
the largest mine of this ore in South America, which was
largely responsible for the economic and socio-cultural devel-
opment of the region. In this context, in 2010, the first forays
were made to assess the potential of the region for the creation
of a geopark, which resulted in a first proposal by Nascimento
and Ferreira (2012).

Since then, other studies have been done regarding
geodiversity and geoheritage (Silva 2018; Silva et al. 2019)
and tourism potential (Cardoso 2013; Medeiros 2015), as well
as the implementation of educational initiatives (Meira et al.
2019). The community’s involvement with the geological her-
itage of the territory is highly noticeable. Thus, in 2019, the
application for the International Geoscience and Global
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Programme was made and Seridó received the official title of
Aspiring UNESCO Geopark.

This article aims to describe the geoheritage from Seridó
Aspiring Geopark, regarding its interest, visualization scale,
scientific value, educational and touristic use, degradation
risk, and relevance. The descriptions were based on different
methodologies, such as Fuertes-Gutiérrez and Fernández-
Martínez (2010), SIGEP (2002), Brilha (2016), and
GEOSSIT (Rocha et al. 2016), a Brazilian application for
geosite assessment. Some changes were proposed to the
methods, in the process of making a complete analysis of all
the geosites included in the geopark’s proposal, whose data
are presented visually, to facilitate the interpretations.

Seridó Aspiring Geopark

Location

The Seridó Aspiring Geopark territory is located in the coun-
tryside of the Rio Grande do Norte state, far Northeast Brazil,
180 kilometers away from the capital, Natal, accessible
through federal and state highways in excellent shape.
Coordinates including the whole area—WGS 1984—are
North: 5° 49′ 49″ S/36° 15′ 18″ W; South: 6° 50′ 36″ S/36°
33′ 34″W; East: 6° 14′ 39″ S/36° 15′ 30″W; andWest: 6° 28′
26″ S/36° 46′ 26″ W.

The territory comprises 2.802,504 km2, divided into six
municipalities, north to south: Acari, Carnaúba dos Dantas,
Cerro Corá, Currais Novos, Lagoa Nova, and Parelhas, with
21 inventoried geosites (Fig. 1). The estimated population is
112.372 inhabitants (IBGE 2019).

Regional and Local Geological Setting

The Seridó Aspiring Geopark is inserted in the Borborema
Province context, characterized by a fold system developed
during the Brasiliano/Pan-African Cycle (Almeida et al.
1981), related to the Gondwana almagamation process. The
area embraces many Archean, Paleoproterozoic, and
Mesoproterozoic nuclei, affected by transpressive tectonics
and marked by structural lineaments, being the Patos linea-
ment the major one, along with tight folds.

The study area is located in the Rio Piranhas-Seridó
Domain composed of Paleoproteorozoic orthogneisses and
augen gneisses of Caicó Complex in the basement (Fig. 1),
which corresponds to about 2% of the Seridó Aspiring
Geopark (Fig. 2). Positioned discordantly above Caicó
Complex, the Seridó Group is a sequence of Neoproterozoic
metavolcanic-sedimentary rocks, composed of paragneisses,
quartzites, and marbles of the Jucurutu Formation in the base,
followed by quartzites and metaconglomerates of the Equador
Formation, and by schists of the Seridó Formation at the top

(Fig. 1). The Seridó Group corresponds to 69.47% of the total
area (Fig. 2). Also of Neoproterozoic age, there are granites of
the Dona Inês and Itaporanga Intrusive Suites, as well as
diorites/gabbro of the São João do Sabugi Intrusive Suite
(Fig. 1), consisting of 21.26% of the territory.

Pegmatite dikes/bodies are found throughout the region,
mainly embedded in the Seridó Formation micaschists.
Meso-Cenozoic magmatism is represented in the area by dia-
base and basalt of the Rio Ceará-Mirim Volcanism and basalts
of the Macau Volcanism (Fig. 1). Pegmatite, diabase and ba-
salt have little territorial expression. Finally, the conglomer-
ates and sandstones of the Serra do Martins Formation consti-
tute the cenozoic coverage of the area (Fig. 1), that corre-
sponds to 7.25% of the local geology (Fig. 2).

Materials and Methods

This work applies five methods of classification, including (a)
“Interest,” as to the types of geological heritage (igneous,
metamorphic, sedimentalogical, mineralogical, paleontologi-
cal, hydrogeological, and geomorphological), based on the
SIGEP (Brazilian Commission of Geological and
Palaeobiological Sites, in http://sigep.cprm.gov.br/); (b)
“Visualization scale,” whether point, area, section, and/or ob-
servatory, by Fuertes-Gutiérrez and Fernández-Martínez
(2010), with minor modifications; (c) “Quantification by
use,” regarding scientific value, educational and touristic
use, and (d) “Degradation risk,” both from Brilha (2016);
and (e) “Relevance” that was carried out using GEOSSIT,
which is the national application for geosites developed by
the Geological Survey of Brazil (Rocha et al. 2016).

Interest

The SIGEP (Brazilian Commission of Geological and
Paleobiological Sites) was established in 1997 with the partic-
ipation of several Brazilian geosciences’ entities, being it ob-
jectives to list important national sites, in the process of dis-
seminating and promoting their protection (Schobbenhaus
and Winge 2012). The commission’s action was mainly fo-
cused on the evaluation of sites proposals and their subsequent
dissemination on websites and publications. The registration
of sites includes definition of types of interest for each place,
according to the types defined by SIGEP. The list includes 15
different types of interest, according to the elements that
compose the sites. For the purpose of evaluating the geosites
of Seridó Aspiring Geopark, the typologies defined in the
SIGEP (2002) document were used, as shown in Table 1.
The main and secondary interests were defined, according to
the SIGEP classification and based on the descriptions of el-
ements found in the geosites, their scientific importance, and
presence on the site.
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Visualization Scale

The visualization scale refers to a definition of geosite typol-
ogies according to their dimensions, layout and shape. It is a
way of identifying how the geological heritage of each loca-
tion behaves spatially. The methodology applied in this work
for this purpose is that defined in the work of Fuertes-
Gutiérrez and Fernández-Martínez (2010).

From the evaluation of 125 sites in Leon Province
(Northwest Spain), the authors defined five classes: (i)
points, (ii) sections, (iii) areas, (iv) viewpoints, and (v)
complex areas:

(i) Points are small-sized isolated features;
(ii) Sections represent features with linear development;

(iii) Areas comprises larger-sized sites with one type of
interest;

(iv) Viewpoints may include a large area of geological interest
and an observatory from where this area may be viewed;

(v) Complex areas are sites with large dimension comprising
more than one other tipology.

In our understanding, the concept of “viewpoints” allows
doubts of interpretations, opening space for the classification
in this typology of unnatural and non-geosite sites, since
places that have no geological interest can be classified as
such. Likewise, we do not agree with the “complex area”
terminology, since this adjective is already used in
geosciences with other connotations, and the typology could
characterize places that, in fact, are geologically simple,

Fig. 1 Location and geological map of the Seridó Aspiring Geopark. RN, Rio Grande do Norte State; PB, Paraíba State; CE, Ceará State
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although spatially diverse. Therefore, we do not agree either
with the term used by the authors or with the definition given.

From these considerations, some adaptations were made to
the methodology for use in this work. Considering the territo-
ry of Seridó Aspiring Geopark, the region’s smallest geolog-
ical monuments were taken as a reference. Thus, through spa-
tial measurement, the threshold of 0.5 hectare was reached to
separate the points and areas categories. We believe that this
type of measurement should be made for each area in which
the analysis is made, since natural realities differ widely
around the planet. The definition of section was maintained
as defined in the work of Fuertes-Gutiérrez and Fernández-
Martínez (2010), disregarding the typologies of viewpoints
and complex areas. Finally, the observatory typology was
added, which, in our understanding, comprises the additional
characteristic of a place, geosite or not, but naturally occur-
ring, allowing the remote viewing of sites or elements of the
landscape (Table 2). Therefore, a place classified as a point,
section, or area can also be an observatory if, from there, the
landscape, a geosite, or some geological element can be seen.

Quantification by Use

Brilha (2016) proposes a methodology for quantifying
geodiversity, evaluating the scientific value of geosites, in
addition to the potential educational and touristic uses. In the
work presented here, the method was applied for quantitative
evaluation of all geosites of the Seridó Aspiring Geopark.
Thus, geosites are evaluated for their use: scientific, educa-
tional and touristic.

The scientific value is obtained by defining parameters be-
tween seven criteria with different weights (Table 3), with
values of 1, 2, or 4 being scored for each geosite, according
to the indicators presented.

Six criteria are related to the geological characteristics of
the geosite: (i) representativeness, refers to the capacity of the
site and its elements to represent abiotic elements or process-
es; (ii) key locality, the site importance as a reference for some
area of geosciences; (iii) scientific knowledge, related to the
formal scientific production of studies on the site; (iv) integ-
rity, indicates the conservation of the site abiotic elements; (v)

Fig. 2 Percentage representation of geological units and ages found in the Seridó Aspiring Geopark

Table 1 Site tipology according
to its interest. Source: SIGEP
(2002)

Astroblemn Igneous Mineralogical Speleological

Geomorphological Marine-submarine Paleoenvironmental Stratigraphic

History of geology, mining, paleontology Metallogenic Paleontological Tectono-structural

Hydrogeological Metamorphic Sedimentary Other(s)
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geological diversity, number of abiotic elements in the site;
(vi) rarity, is related to the singularity of the site. The seventh
criterion, use limitations, is related to the use of geosite, due to
the facilities or difficulties of access that limit scientific
research.

The greater the scientific value the greater its importance
and relevance, reaching international levels. This is related to
good scientific production, with accesses that facilitate contin-
uous research, still indicated by a good conservation of the
elements that make up the geosite (Brilha 2016).

The site assessment is complemented by the quantification
of educational and touristic use, also scored through criteria,
with different weights (Table 3) and their indicators. In the
case of educational use, there are 12 criteria. For touristic use,
the method of Brilha (2016) describes 13 criteria, ten of which
are similar for both types of use:

(i) Vulnerability: ease of one or more elements being dam-
aged by visitation;

(ii) Accessibility: indicates the ease of site access;

(iii) Use limitations: relates the existence of obstacles on the
site that can bring problems to visitation;

(iv) Safety: risk that the site presents to visitors;
(v) Logistics: assesses the existence of structures that assist

visitation, such as restaurants and inns;
(vi) Density of population: indicates that populations near to

the site are potential visitors;
(vii) Association with other values: justifies the implemen-

tation of multidisciplinary itinerary;
(viii) Scenery: related to the site aesthetic aspect;
(ix) Uniqueness: related to the representativeness and

uniqueness of the site;
(x) Observation conditions: indicates that facilitated condi-

tions for observing the site elements increase potential
uses.

There are two specific criteria for evaluating educational
use: didactic potential, which assesses the possibility of using
the site to explain knowledge at all levels of education, and
geological diversity, which indicates that greater didactic

Table 2 Definitions of the typologies used in this work as modified from Fuertes-Gutiérrez and Fernández-Martínez (2010)

Tipology Definition (this work) Simbology

Point Isolated occurrences spread over an area of less than 0.5 ha

Section Spatially linear occurrence

Area Occurrence spread over an area greater than 0.5 ha

Observatory* Natural place from which geosites or special elements of 

the landscape can be seen.

*Typology added in this work, it can be a geosite, as the case of this work, or any place naturally formed

Table 3 Criteria and weights for scientific value, educational, and touristic uses applied in this work for Seridó Aspiring Geopark evaluation. Source:
Brilha (2016)

Scientific value Educational use Touristic use

Criteria Weight Criteria Weight Criteria Weight

Representativeness 30 Vulnerability 10 Vulnerability 10

Key locality 20 Accessibility 10 Accessibility 10

Scientific knowledge 5 Use limitations 5 Use limitations 5

Integrity 15 Safety 10 Safety 10

Geological diversity 5 Logistics 5 Logistics 5

Rarity 15 Density of population 5 Density of population 5

Use limitations 10 Association with other values 5 Association with other values 5

TOTAL 100 Scenery 5 Scenery 15

Uniqueness 5 Uniqueness 10

Observation conditions 10 Observation conditions 5

Didactic potential 20 Interpretative potential 10

Geological diversity 10 Economic level 5

Total 100 Proximity of recreational areas 5

Total 100
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geological diversity enables the use of a greater amount of
knowledge, increasing the educational value of the site.

For touristic use, the assessment defines three specific
criteria: interpretative potential, related to the ease of
geodiversity interpretation by the visitor; economic level, re-
lates the economic power of the local population to a greater
likelihood of visits to the site; and proximity of recreational

areas, the site is benefited touristically by the existence of
structures already set up in the vicinity of the site, which
facilitates its visitation.

To assess potential uses, educational and touristic, all
criteria are scored with values from 1 to 4, depending on the
presented indicators. The criteria weighted sum results in the
values of educational and touristic use. The greater the

Table 4 Criteria, criteria weight,
indicators, and parameters used
for the quantitative assessment of
sites degradation risk. Source:
Brilha (2016)

Criteria/indicators Parameters

A. Deterioration of geological elements (weight 35)

Possibility of deterioration of all geological elements 4 points

Possibility of deterioration of the main geological elements 3 points

Possibility of deterioration of secondary geological elements 2 points

Minor possibility of deterioration of secondary geological elements 1 point

B. Proximity to areas/activities with potential to cause degradation (weight 20)

Site located less than 50 m of a potential degrading area/activity 4 points

Site located less than 200 m of a potential degrading area/activity 3 points

Site located less than 500 m of a potential degrading area/activity 2 points

Site located less than 1 km of a potential degrading area/activity 1 point

C. Legal protection (weight 20)

Site located in an area with no legal protection and no control of access 4 points

Site located in an area with no legal protection but with control of access 3 points

Site located in an area with legal protection but no control of access 2 points

Site located in an area with legal protection and control of access 1 point

D. Accessibility (weight 15)

Site located less than 100 m from a paved road and with bus parking 4 points

Site located less than 500 m from a paved road 3 points

Site accessible by bus through a gravel road 2 points

Site with no direct access by road but located less than 1 km from a road accessible by bus 1 point

E. Density of population (weight 10)

Site located in a municipality with more than 1000 inhabitants/km2 4 points

Site located in a municipality with 250–1000 inhabitants/km2 3 points

Site located in a municipality with 100–250 inhabitants/km2 2 points

Site located in a municipality with less than 100 inhabitants/km2 1 point

Fig. 3 Classifications of the Seridó Aspiring Geopark geosites according to (a) Main and (b) Secondary Interests
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educational value, greater the possibility of the site being used
as a place of education for different levels, being easy to ac-
cess and safe to visit. Higher values of touristic use indicate a
strong aesthetic appeal of the site, with easy access and under-
standing by tourists (Brilha 2016).

Degradation Risk

The degradation risk of a site defines the possibility of loosing
one or more abiotic elements that make up the site, which is
essential for planning actions that can favor the geoconservation
of geological interest sites, by reducing their vulnerability or even
in the rescue of high value abiotic elements.

The methodology used in this work for the degradation risk
quantificationwas presented byBrilha (2016) and is based on the
weighting of five criteria, through four indicators in each. The
method assesses the deterioration of geological elements, which
reflects the fragility and vulnerability to anthropic intervention of
the elements; a proximity to areas/activities with potential to
cause degradation; legal protection, which assesses whether or
not the site has protection under laws or other instruments; ac-
cessibility; and the density of population surrounding the site. For
each indicator marked, there is a parameter value available, from
1 to 4 points, also enabling the score to be zero (Table 4)

Each criterion has a weight (also shown in Table 4), which
is used for the final calculation of the degradation risk of site.
The higher the final total value, the greater the probability of
losing the abiotic elements that make up the site, causing
damage to geodiversity and/or local geological heritage.
Values less than 200 indicate low degradation risk; between
201 and 300, moderate risk; above 301, high risk.

Relevance

The Geological Survey of Brazil (CPRM) developed, within
the scope of its territorial management programs, GEOSSIT,

an application for registering geological sites in Brazil. Based
on the concepts and methodologies of Brilha (2016) and
Garcia-Cortés and Carcavilla Urquí (2009), the online plat-
form classifies the geosites and makes recommendations re-
garding the site protection, based on the values obtained with
the data provided.

The same platform uses the scientific values from Brilha
(2016) methodology to define the relevance of sites, whether
local/regional, national or international. This classification, as
described below, was used in this work to identify the rele-
vance of the Seridó Aspiring Geopark geosites.

(i) Local/regional relevance: scientific value < 200
(ii) Nacional relevance: 200 < scientific value < 300
(iii) International relevance: 300 < scientific value

Results and Discussion

Interest

The inventory of sites with relevant geological interest in the
Seridó Aspiring Geopark area comprised 21 geosites with
different types of interests. The interests were divided into
two groups—Main and Secondary—four of which were main
interests and seven secondary interests (Fig. 3).

The distribution of interest (main and secondary) reveals a
great geological diversity that the Seridó Aspiring Geopark
territory offers, from a scientific, as well as educational and
touristic points of view. Among the four main interest, geo-
morphology stands out with 71% of the inventoried geosites
(Fig. 3a). This is due to the countless relief features, ranging
from large saws to small geoforms. The Cânions dos
Apertados geosite, for example, shows a landscape excavated
in a rocky bed and the river erosive processes that sculpted

Fig. 4 Classifications for the
Seridó Aspiring Geopark geosites
according to (a) visualization
scale and (b) observatory type
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Fig. 5 Diagrams with scientific value (a), educational (b), and touristic (c) uses of Seridó Aspiring Geopark geosites
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Fig. 6 Ternary diagrams individualized by geosite with scientific value, educational, and touristic uses
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Fig. 8 Educational use criteria and score for the Seridó Aspiring Geopark geosites
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Fig. 9 Touristic use criteria and score for the Seridó Aspiring Geopark geosites
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them. Other geosites are also highlighted in the relief, such as
Serra da Rajada and Açude Gargalheiras (aligned ranges, in-
selbergs); Mirante de Santa Rita (plateaus, escarpments); Pico
do Totoró (geoforms); Morro do Cruzeiro (castallated tors);
Serra Verde, Lagoa do Santo, and Tanque dos Poscianos
(geoforms in boulders, natural tanks); Marmitas do Rio
Carnaúba (potholes); and Cachoeira dos Fundões (waterfalls).

The igneous typology appears in 19% of the geosites (Fig.
3a), evidenced by the large number of plutonic bodies, in
addition to volcanic rocks. The igneous plutonic prominence
is associated with unequal textural aspects (K-feldspar
phenocrystals up to 15 cm in size) and structures of magmatic
flows, especially in the Lagoa do Santo, Poço do Arroz, and
Cruzeiro de Acari geosites. It is also worth mentioning the

Vale Vulcânico geosite with basalts showing columnar dis-
junctions and peridotite xenolites.

O the r ma in i n t e r e s t s a r e m ine r a l og i c a l and
hydrogeological, each with 5% (Fig. 3a). The mineralogical
is evidenced in the Mina Brejuí geosite, given by the wide
mineralogical diversity in different types of rocks, with special
emphasis in the calc-silicate rocks, containing mineralizations
of scheelite, sulfides (molybdenite, pyrite), malachite, gold,
among others. The Nascente do Rio Potengi geosite is an
example of hydrogeological interest, with the site having the
springs of one of the main rivers in Rio Grande do Norte state,
the Potengi River.

The geosite’s secondary interests present a greater variety
(Fig. 3b), with a predominance formed by igneous interest
(38%). This can be understood mainly by the presence of
igneous rocks, especially granites and diorites, evidenced in
the geomorphological features. Secondly, there is the meta-
morphic interest (24%) evidenced in geosites associated with
the crystalline basement containing ortho and paragneisses,
quartzites, schists, marbles, and calc-silicate rocks.
Geomorphological interest stands out in third place with
19%. Finally, paleontological (5%), sedimentological (5%),
mineralogical (5%), and hydrogeological (4%) interests occur
in less values.

Visualization Scale

All 21 geosites of Seridó Aspiring Geopark had their areas
delimited and measured, according to the territorial limits that
compose them, which allowed classification according to their
visualization scale (Fuertes-Gutiérrez and Fernández-
Martínez 2010). The results show a predominance of the area
typology (15 geosites), which indicates a presence, among the
geosites of the geopark, of abiotic elements in places with

Fig. 10 Degradation risk of the
Seridó Aspiring Geopark geosites

Fig. 11 Relevance of Seridó Aspiring Geopark geosites
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large area dimensions (> 0.5 ha), 72% of the geosites are
classified in this category (Fig. 4a), with dimensions ranging
from 0.60 to 485 ha.

Three geosites (14%) are classified as section (Fig. 4a), as
the distribution behavior of their abiotic elements occurs in a
linear manner, which is explained by the fact that they occur
along a river course, as in the case of Cânions dos Apertados
(6038m) and Poço doArroz (749m) geosites, or because they
are a trail through which the abiotic characteristics can be
observed, such as the Cachoeira dos Fundões geosite (399 m).

The point typology is found only in three geosites (14%)
and is related to small locations (< 0.5 ha) that, in the case of
Seridó Aspiring Geopark, have an intrinsic relationship with
the communities of the region, since the three (Cruzeiro de
Cerro Corá, Morro do Cruzeiro and Cruzeiro de Acari) are
also cultural and religious monuments for the cities of Cerro
Corá, Currais Novos and Acari, respectively. In these, crosses
were placed on the rocky outcrops, to symbolize the religios-
ity of the population and invoke protection over the territory.

Seven of the aforementioned geosites are also characterized
as observatories, since from them there is a panoramic view of
the beautiful landscape of Seridó and other geosites in the
territory. Of these seven observatories, five are in area-type
geosites and two in point-type geosites (Fig. 4b).

For point typology geosites, it is suggested that them
should be used for field lessons with students and for tourist

visits, because its small dimensions favors for teaching geo-
logical processes that occur locally and regionally. Geosites
with area typology, due to their large size, can be used by
geoscientists due to their wide variety of geological features,
to the improvement of local geological mapping, and to other
works in various geoscience areas. Those that have been clas-
sified with a typology of “observatory” can be used for three
types of public (students, scientists, and tourists) due to the
variety of landscapes that can be observed from them. Such
landscapes have a high aesthetic value and can attract all kinds
of public to contemplate the natural monuments.

Quantification by Use

The results here will be individualized in three aspects. The
first presents an overview and comparative view between the
different geosites; the second shows the geosites treated indi-
vidually in relation to the scientific value, educational, and
touristic uses; and finally, these geosites are described based
on the different criteria for each use value.

Figure 5 contemplates the scores for quantitative assess-
ment of the geosites in the Seridó Aspiring Geopark, with
the data presented in a way that it is possible to identify the
different numerical measurements in rankings and classes, as
well as dispersions of scores between the geosites, whether for

Fig. 12 Top five geosites of Seridó Aspiring Geopark, according to the results of this work: a) Mina Brejuí, b) Cânions dos Apertados, c) Xiquexique, d)
Açude Gargalheiras, and e) Monte do Galo. Photos: a, b, e Getson Luís; c, d Matheus Lisboa
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the scientific value (Fig. 5a) and for educational (Fig. 5b) and
touristic (Fig. 5c) uses.

In Fig. 5a, on the scientific value, nine geosites stand out
above the average score for all 21 geosites, of which only four
are above 300 points, they are: Mina Brejuí, Açude
Boqueirão, Cânions dos Apertados, and Vale Vulcânico.
The figure shows 12 geosites with values below the average,
8 geosites with values below 200 points; they are: Mirador,
Morro do Cruzeiro, Tanque dos Poscianos, Serra da Rajada,
Monte do Galo, Cachoeira dos Fundões, Mirante Santa Rita,
and Cruzeiro de Cerro Corá, with the last 2 below 150 points.

Figure 5b, on educational use, shows 9 geosites above the
general average, with 6 standing out with more than 300
points, they are: Mina Brejuí, Açude Gargalheiras, Cânions
dos Apertados, Xiquexique, Serra Verde, and Monte do Galo.
In the same figure, 12 geosites are identified with values be-
low the average, but with little variation between the scores
obtained by each geosite, only the Cruzeiro de Acari geosite
scored below 250 points.

In Fig. 5c, for touristic use, there are 11 geosites above the
general average, however only the Mina Brejuí geosite has a
value above 300 points. For values below the general average
there are 10 geosites with little variation and all in the range
between 200 and 250 points, showing homogeneity between
them.

Figure 6 allows an integrated visualization between the
scientific value and the educational and touristic uses. The
generation of triangular areas for each geosite also makes it
possible to identify the values in these three criteria (scientific,
educational, and touristic).

Each triangular diagram in Fig. 6 has a total of four internal
and overlapping triangles, where the geosites with higher
scores in the three criteria will have areas encompassing a
greater number of triangles and consequently the filling of
the geometric figure. The average of the values covers an area
of two triangles, which is equivalent to 200 points. Fourteen
geosites have an area that exceeds the average area of geosites.
Of these 14 geosites, 2 complete areas of three triangles, there-
fore with values equal to or greater than 300 points, they are:
Mina Brejuí, and Cânions dos Apertados.

On the other hand, some of the evaluated geosites have
restricted areas with lower scores. In this situation, 4 geosites
have coverage around two triangles or less, that is, 200 points
or less, they are: Mirante Santa Rita, Cruzeiro de Cerro Corá,
Serra da Rajada, and Cachoeira dos Fundões. Many of them
excel in one or more criteria, but have low scores.

Figure 7 presents the results for the quantitative evaluation
criteria within the scientific value. Observing the geosites that
present the best compositions of the items of scientific valua-
tion, it can be seen that Mina Brejuí, Cânions dos Apertados
and Açude Boqueirão complete at least five of the seven
criteria. It is also worth mentioning two other geosites,
Marmitas do Rio Carnaúbas and Vale Vulcânico, for

presenting maximum amplitudes in four criteria. It is noted
that the criteria “Use limitations” and “Integrity”were reached
in maximum score by fifteen geosites, highlighting the few
limitations of use and the good state of conservation of the
geosites in Seridó Aspiring Geopark. On the other hand, none
of the geosites had the maximum score for the item “Key
locality,” showing that none is recognized by organizations
that reference the location as a key.

The geosites that have high values (Mina Brejuí, Açude
Boqueirão, Cânions dos Apertados, Vale Vulcânico,
Marmitas do Rio Carnaúba, and Nascente do Rio Potengi,
for example) are mainly those with high scores in criteria such
as “Representativeness,” “Rarity,” and “Integrity.”

The criteria and score of the quantitative assessment for
educational use are summarized in Fig. 8. For items of educa-
tional value, four geosites complete at least half of the criteria,
with two exceeding this limit, they are: Mina Brejuí, with 8
criteria; Açude Gargalheiras, with 7 criteria; in addition to the
Cânions dos Apertados and Monte do Galo, both with 6
criteria. “Logistics” is the only one in the set of criteria of
educational value, in which geosites have the maximum value,
given the ease of geosites receiving groups of visitors (stu-
dents and tourists), mainly due to their proximity. In addition,
the criteria “Observation conditions” and “Limitations of use”
stand out, the maximum score, in nineteen geosites, respec-
tively, due to the state of conservation and minimal limitations
of use. As for “Population density” and “Singularity,” no
geosite reached a maximum value, since they do not have high
populations nearby.

The geosites that have the highest values (Mina Brejuí,
Açude Gargalheiras, and Cânions dos Apertados, for exam-
ple) are mainly those that have high scores in the “geological
diversity,” “didatic potential,” “observation conditions,” and
“logistics” criteria. Although been classified as areas, they are
important to be addressed by researchers and/or teachers when
their practical classes in geosite.

Regarding the places that have obtained a quantification of
the educational use below the average (Cachoeira dos
Fundões, Açude Boqueirão, Pico do Totoró, Morro do
Cruzeiro, Mirante Santa Rita, Lagoa do Santo, Poço do
Arroz, Nascente do Rio Potengi, Vale Vulcânico, Marmitas
do Rio Carnaúba, Serra da Rajada, and Cruzeiro de Acari),
some suggestions of actions can be made to local managers in
order to transform these geosites in more attractive places for
the teaching of geosciences: (a) improving accessibility to
these places; (b) reduce vulnerability of sites, instituting sys-
temized access control and, if possible, create protected areas;
and (c) encourage the construction of hotels and restaurants
and a reform of existing, to welcome students.

Finally, for touristic use (Fig. 9), in its total criteria, the
Mina Brejuí geosite stands out, reaching seven of the thirteen
items of the evaluation, as well as the Monte do Galo geosite.
Others come close to this number of parameters, in maximum
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punctuation, with emphasis on the Açude Gargalheiras,
Cruzeiro de Acari, Açude Boqueirão, and Mirador geosites,
with six items each. Three items of the touristic assessment
can be highlighted; they are: “Logistics,” with all geosites in
maximum score; “Observation conditions” with twenty
geosites and “Use limitations” with nineteen geosites.
Another condi t ion to be detai led is in the i tem
“Interpretative potential,” in which all geosites reach a score
of 3, visitors need some feedback on the elements of
geodiversity to understand the landscape. The “Economic lev-
el” criterion also has a constant score for all geosites, since the
geopark’s municipalities have similar economic income aver-
ages and, in general, below the national average.

The highest scores were those sites that also have a high
score in the “logistics” and “observation conditions” criteria,
and in a secondary way those with values in “association with
other values” and “proximity of recreational areas.”

For geosites that have quantified below-average touristic
use (Serra Verde, Tanque dos Poscianos, Lagoa do Santo,
Poço do Arroz, Cruzeiro de Acari, Marmitas do Rio
Carnaúba, Mirante de Santa Rita, Cachoeira dos Fundões,
Nascente do Rio Potengi, and Serra da Rajada), some actions
can be taken by local managers: (a) make these sites less
vulnerable, through access control and, where possible, crea-
tion of conservation units; (b) improve conditions for access to
geosites; (c) encourage the creation of new restaurants and
hotels (and renovation of existing ones) close to geosites; (d)
construction of infrastructure for reception of visitors in
geosites, such as stairs, handrails and other safety devices;
and (e) improvement in the socioeconomic status of the inhab-
itants of the region, thus making easier the access to leisure,
including visiting geosites.

Degradation Risk

The degradation risk assessment, based on Brilha (2016), was
applied to the 21 geosites of Seridó Aspiring Geopark, using
five criteria: deterioration of geological elements, which re-
flects the fragility of abiotic diversity of the site and the pos-
sibility of partial or total loss; proximity of the site to poten-
tially degrading areas or activities; legal protection of the site;
accessibility, taking into account access roads; and the popu-
lation density of the municipalities where the evaluated sites
are located.

According to the parameters, values less than 200 indicate
low degradation risk; between 201 and 300, moderate risk;
above 301, high risk. From all Seridó Aspiring Geopark
geosites, only one has a high degradation risk, the Cruzeiro
de Acari, an intrinsic reflection of its location, at the margins
of a state highway in Acari city center. Most, in a total of 12
geosites (57%), show low risk of degradation, while 8 geosites
(38%) are at moderate risk (Fig. 10). This result mainly re-
flects the current state of conservation of the sites and the

location of the majority, largely found in the rural areas of
the municipalities. Even so, geoconservation actions must be
taken to mitigate the risks, especially in those places with
moderate to high risks.

The geosites that have a high or moderate degradation risk
(Cruzeiro de Acari, Nascente do Rio Potengi, Açude
Boqueirão, Mirante de Santa Rita, Monte do Galo, Morro do
Cruzeiro, Lagoa do Santo, Mina Brejuí, and Cruzeiro de Cerro
Corá) are mainly: (a) the most vulnerable sites, where there is
the greatest possibility of deterioration of the geological ele-
ments either by natural or anthropic processes; (b) closer to
potentially degrading areas, such as mining, industrial facili-
ties, recreational areas, urban areas, and road and rail struc-
tures; (c) without any protection or access control; (d) easily
accessible and with high population density.

In relation to these geosites, some suggestions for actions
can be given to local management to reduce this risk: (a)
creation of systematic access control to sites; (b) creation of
protected areas; (c) raise awareness of the local population
about the importance of geosites to education, culture, and
local economy, reducing the possibility of deterioration by
anthropic processes.

Relevance

The scientific values from Brilha (2016), on the GEOSSIT plat-
form, to define the relevance of sites define that Seridó Aspiring
Geopark (Fig. 11) points out 4 geosites (19%) of international
relevance (Mina Brejuí, Vale Vulcânico, Cânions dos Apertados
and Açude Boqueirão), 9 geosites (43%) of national importance
(Serra Verde, Nascente do Rio Potengi, Lagoa do Santo, Pico do
Totoró, Açude Gargalheiras, Poço do Arroz, Cruzeiro de Acari,
Marmitas do Rio Carnaúba, and Xiquexique), and 8 geosites
(38%) of regional/local relevance (Cruzeiro de Cerro Corá,
Mirante de Santa Rita, Tanque dos Poscianos, Morro do
Cruzeiro, Serra da Rajada, Monte do Galo, Cachoeira dos
Fundões, and Mirador).

This indicates the importance of the territory’s geological
heritage, especially for those who have international or nation-
al relevance, which strengthens the need to implement
geoconservation actions in these sites, in order to protect a
heritage that is not only relevant to the Seridó region.

Conclusions

From all the evaluations presented in this work, it is stated that
the geological heritage of Seridó Aspiring Geopark is remark-
able, presenting different aspects in relation to its territorial
dimensions, interests, uses, values, and relevance. It is, there-
fore, a unique territory.

Considering the adopted criteria, the geosites that reached
the highest scores of Scientific value and Educational and
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Touristic uses and the low and moderate Degradation Risk are
considered the most important. Based on this, the following
geosites were listed as top five of Seridó Aspiring Geopark
geological heritage: Mina Brejuí, Cânions dos Apertados,
Xiquexique, Açude Gargalheiras, andMonte do Galo (Fig. 12).

For these sites, it is suggested to the public authority the
creation of one or several protected areas that cover the afore-
mentioned geosites. It should be provided as soon as possible
with an effective access control and use supervision of these
sites, so that there is no damage to the geodiversity elements
present.

In addition, there is a need for awareness-raising with the
local community, so that the importance of geosites in the
various spheres, be it scientifical, educational, cultural, or eco-
nomic, is recognized so that the geoconservation effort is
collective.

The national relevance in most geosites in the geopark
(43%) reinforces the importance of the geological content
present in such places of geological interest, which can attract
researchers, students, and tourists from all over the country. It
is important to emphasize the presence of four geosites of
international relevance (Mina Brejuí, Açude Boqueirão,
Cânions dos Apertados, and Vale Vulcânico), which confirms
the territory’s geological heritage of great importance.
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