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Abstract
Fossils are polysemic entities that attract people for very different reasons ranging from scientific to recreational ones. They 
can therefore display different heritage contents according to the meanings assigned by different social groups. This may 
endanger the integrity of the fossil record that grounds the development of paleontology (and related sciences) and may affect 
the enrichment of the paleontological heritage of the Earth. But the source of the paleontological heritage is not limited to 
academic activities that are trained to put into action top–bottom methods of inventorying, assessment, conservation, valuing, 
and monitoring procedures to fossils and fossil sites. Other culturally differentiated initiatives of geoconservation, whose 
meaning is inextricably rooted in both cultural and scientific dimensions, are important contributors to enlarge the data on 
paleontological heritage. Even among mining activities, normally seen as a big threat to geoconservation, it is possible to 
recognize examples of distinct practices of preservation and valuation enhancing of the paleontological heritage according 
to a bottom-up approach where fossils display heritage contents quite far from the contents usually assigned by the experts. 
The case of two UNESCO Global Geoparks (Araripe, NE Brazil; and Arouca, N Portugal) here presented enables to feature 
a new approach to the concept of paleontological heritage as a set of natural objects, resulting of culturally differentiated 
initiatives of geoconservation, whose significance is strongly linked to both cultural and scientific dimensions.

Keywords  Paleontological heritage · Mining · Community involvement · Araripe UGGp (N Brazil) · Arouca UGGp (N 
Portugal)

Introduction

Fossils are natural objects corresponding to expressive rep-
resentations of Earth’s diversity over time and therefore pos-
sess heritage value. Like other non-living components of 
nature, such as rocks and minerals, fossils enable reconstruc-
tions of the natural environment at different time spans of 
the planet’s history and the macro-evolution of life on Earth.

However, each geological narrative demands specific 
types of fossils, which in their multiplicity of possibilities — 
viruses, bacteria, protozoa, invertebrates, vertebrates, plants, 
trace fossils, etc. — present different aspects of interest and 
meaning. Biostratigraphic applications of fossils do not 
necessarily represent the same interest, meaning, or use for 
paleoenvironmental interpretation; fossils used in paleocli-
matology may not have any function for studies in mineral 
prospecting. Thus, not just any fossil can be applied to the 
different geological narratives. Nor can they have a priori a 
clear function in the field of geosciences.

Like other geological objects, fossils display different 
contents, reflecting diverse heritage values, and they are not 
limited to scientific use alone (Lima and Carvalho 2020). 
In fact, fossils attract other groups of people besides pale-
ontologists (e.g., Duffin 2008; Geer and Dermitzakis 2008; 
Geer et al. (2008); Moncel et al. 2012; Moura and Albuquer-
que (2012); Gambim et al. 2017; Nissen et al. 2019). This is 
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because of the different meanings that are attributed to them; 
in this sense, they represent a semiotic challenge.

Fossils are polysemic entities and the multitude of rea-
sons that attract people to fossils may endanger the integrity 
of the fossil record, the basis for paleontological research 
(Henriques and Pena dos Reis 2019a, b and references 
therein). Such concern led to the elaboration and imple-
mentation of diversified legal instruments assigned to fossil 
conservation or land-use planning policies aiming at assur-
ing the integrity of fossiliferous sites and/or specimens. But 
this point of view, based on a conservationist perspective 
emanating above all from the scientific communities, has so 
far not resulted in an effective conservation of the geologi-
cal heritage. On the other hand, there are several examples 
of good practices of preservation and valuation of the pale-
ontological heritage carried out by non-academics, namely 
from the extractive industry sector and/or commercial deal-
ers, normally seen as one of the biggest threats to geocon-
servation. Even among the academic community, there is a 
heated debate about outcrop damage, not only by collectors 
and merchants who collect fossils for private or commer-
cial purposes, but also by geologists for rock sampling (e.g., 
Druguet et al. 2013; Bétard et al. 2018; Carvalho et al. 2021 
and references therein).

As such, the paleontological heritage, as part of the fos-
sil record which requires specific protection and manage-
ment measures, needs to be redefined considering that fos-
sils are more than scientific objects. As natural objects that 
can display culturally differentiated meanings, they must 
be perceived within a new paradigm of sustainability. This 
requires the bridging of the disciplinary research in paleon-
tology and other knowledge fields and breaking the artificial 
barrier between natural and human and social sciences, as 
well as considering non-scientific and non-western forms of 
knowledge, within a humanistic scientific framework (Wer-
len et al. 2016).

Considering that the science of paleontology is a partner-
ship of academic, amateur, and commercial actors who need 
to rely on each other (Larson 2001), this work proposes a 
new approach to the concept of paleontological heritage as 
a set of natural objects, resulting of culturally differentiated 
initiatives of geoconservation, whose significance is strongly 
linked to both cultural and scientific dimensions.

Some of those initiatives represent unexpected examples 
of harmonious relations between the preservation of the 
paleontological heritage and the increasing transformation 
of the land surface as a result of the exploitation of geologi-
cal resources. In two UNESCO Global Geoparks — the Ara-
ripe (NE Brazil) and the Arouca (N Portugal) — the mining 
activities, traditionally seen as a threat of the fossil record, 
have strongly contributed to the deepening of scientific 
knowledge about ancient biota and substantially enlarged 
the paleontological heritage of the world. Instead of being 

seen as worlds apart and in permanent conflict (Brilha 2015; 
De Miguel et al. 2021), the scientific community and the 
other communities should invest in another path based on 
effective communication with each other in order to increase 
collective awareness for the conservation of natural heritage, 
which includes the fossils.

The Nature of the Paleontological Heritage

Fossils have been found all over the world and have inter-
ested humans since at least the Paleolithic (e.g., Demnard 
and Neraudeau (2001); Peresani et al. (2013). They have 
been collected, traded, sold, and even revered as magical, 
medicinal, and spiritual artifacts, or used as money (Lar-
son 2001; Moura and Albuquerque 2012; Gambim et al. 
2017; Vialou and Vialou 2019). Even if fossils exist without 
human interference, the scientific theories that paleontolo-
gists use to advance our understanding of ancient life are 
human constructions (Besterman 2001), and signs are pre-
sent in everything that is human (Petrilli 2009).

As geological objects representing signs, fossils raise 
different meanings produced by different interpretants or 
codemakers, from experts to amateurs (Henriques and Pena 
dos Reis 2019b). This multifunctional character of fossils 
represents the greatest threat to geoconservation of the pale-
ontological heritage and to paleontology as well as related 
sciences. Awareness of the conservation of the paleonto-
logical heritage can be increased if we look at paleontologi-
cal objects as signs and understand the different meanings 
assigned to fossils by culturally differentiated interpretants, 
i.e., through a semiotic perspective (Henriques and Pena dos 
Reis 2019b). Since everything may be studied from the point 
of view of its semiotic (Sonesson 2011), semiotics can help 
us to understand why certain signs (fossils) are interpreted 
differently in different cultures and different geographies. 
This is the first step to promote efficient engagement of geo-
scientists in communication with non-specialists, by shar-
ing and popularizing the results of geosciences in order to 
promote geoethical values of appropriate behavior and prac-
tices when human actions intersect with the Earth system 
(Drąsutė et al. 2000; Ribeiro et al. 2015).

Although being representations of past forms of life, the 
heritage content of a fossil can be assessed in different ways 
by the various social groups (Table 1). Moreover, fossils 
may collectively possess different contents, thus increasing 
their global heritage value (Schemm-Gregory and Henriques 
2013). For instance, an exceptionally well-preserved fossil 
can increase its geoheritage value if, besides displaying a 
clear relation with the original organism, it also represents 
the holotype of the species where it belongs thus achieving 
global scientific relevance (Haag and Henriques 2016). The 
same happens when fossils are preserved for reasons other 
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than scientific and later come to be the object of investiga-
tion by paleontologists. It is the case of the Early Creta-
ceous dinosaur footprints of the Natural Monument of Cabo 
Espichel (near Lisbon, Portugal), regarded by fishermen as 
the sacred record of Our Lady, stepping down from the sea 
and who would have ridden on a mule to the platform above 
the cliffs (Antunes 1976).

As discussed in previous works by Pena dos Reis and 
Henriques (2009) and Henriques and Pena dos Reis (2015, 
2019b), the fossil heritage content is affected by two main 
factors:

The relevance grade, i.e., the meaning attributed to the 
fossils by scientific communities like type specimens, 
which have typological importance for the definition of 
fossil species, index fossils which are key specimens of 
stratigraphical or paleobiological significance, or excep-
tionally well-preserved fossils which display real relations 
between the original organism and the result of the fos-
silization process (Page 2003, 2018; Henriques and Pena 
dos Reis 2019b)
The abstract perceptiveness, i.e., the public understand-
ing of such meanings in relation to social use of the fos-
sils which is based on culturally particular values, norms, 

beliefs, and attitudes that we have learnt and acquired 
during our socialization and education programs (Henr-
iques et al. 2012; O’Brien et al. 2013; Table 1)

This holistic approach to the heritage value of fossils 
can help scientists to identify the social groups that may be 
attracted by fossils and the type of fossils that may interest 
them from a non-scientific point of view (Fig. 1). Scien-
tists place a different value on fossils from non-specialists 
because each group assigns its own significance to them. 
Considering the ex situ collections in a museum, type 
specimens are of great value for a paleontologist, while 
the museum exhibitions of large vertebrates have a similar 
impact for the general public. Figured specimens as a result 
of field work are essential referents for taxonomic, tapho-
nomic, biostratigraphic, and paleoecological studies. But the 
same fossiliferous localities can be of similar interest for 
people who use fossils for other reasons such as ornaments, 
offerings, and tools.

Such wide interpretation of the same objects among 
totally different codemakers is a key aspect in establish-
ing efficient communication strategies among them in 
order to bridge culturally differentiated interpretants and 
to increase collective awareness for the conservation of the 

Table 1   Heritage content types and corresponding main characteris-
tics displayed by fossils according to the relevance grade and abstract 
perceptiveness. This perspective integrates expert and non-specialist 
interpretations of the fossil record. Categories of paleontological 
heritage mainly based on specialists’ assessment (from 1, the most 
important, to 4, the less important based on Page 2003, 2018, consid-

ered only for fossil specimens) and heritage ranks framed within an 
integrated qualification and evaluation system for paleontological her-
itage (from I, the less important, to III, the most important; based on 
Henriques and Pena dos Reis 2015, considered for fossil specimens 
and ichnofossils). Modified after Henriques and Pena dos Reis (2015)

Content type Relevance grade Abstract perceptiveness Main features Interpretant Category/rank

Indicial Local Material Fossils displaying real relationships 
between original organism and the 
result of the fossilization process; e.g., 
exceptionally well-preserved fossils

Experts and non-specialists 2/I

Iconographic Local Cognitive Fossils displaying clear physical rela-
tions between a given activity of 
biogenic origin and its effects; e.g., 
trace fossils

Mainly experts II

Symbolic Local Social Fossils appreciated by the public with 
little or no background in Earth Sci-
ences for reasons other than learning 
about paleontology; e.g. fossils used 
as ornaments, offerings and tools

Mainly non-specialists 4/II

Documental Regional Demonstrative Key specimens of stratigraphical or 
paleobiological significance; e.g., 
index fossils

Mainly experts 3/II

Conceptual Global Cognitive Specimens of typological importance 
for the definition of fossil species; 
e.g., type species

Experts 1/III

Scenic Global Social Fossils with unusual morphological 
features providing high recreational 
function; e.g., dinosaurs and other 
large Mesozoic vertebrates displayed 
in Natural Museums

Mainly non-specialists 4/III
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fossil record and achieve its geoconservation. As pointed 
out by Larwood (2001), more communication and cooper-
ation among all groups concerned in the conservation and 
use of fossil resources are still required. Paleontologists 
are specifically trained to put into action only top–bot-
tom methods of inventorying, assessment, conservation, 
valuing, and monitoring procedures to fossils and fossil 

sites. But valuing and monitoring the fossil record inde-
pendently of who discovered or collected it (i.e., whether 
amateurs, mining, or trade agents) must be considered a 
complementary path to feed inventory and assessment 
procedures of the fossil record performed by the scientific 
community (Fig. 2).

Fig. 1   Fossils can have different 
interpretations according to dif-
ferent codemakers, resulting in 
different heritage values. Left: 
categories of fossils’ heritage 
value according to its scientific 
importance (based on Page 
2003); right: ranking of fossils’ 
heritage value according to 
its heritage content (based on 
Henriques and Pena dos Reis 
2019b). Note that fossils and/or 
fossil collections may collec-
tively possess different contents, 
thus increasing their global 
heritage value

Fig. 2   Two complementary paths towards the geoconservation of the 
fossil heritage. Within the top-down approach, the scientific commu-
nities are the main agents who start the geoconservation procedures. 

But awareness regarding fossil preservation can start from non-spe-
cialists’ groups according to a bottom-up approach
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Geoconservation in Mining Scenarios

The increasing consumption of resources, including 
energy, materials, and land, imposes new challenges for all 
sectors of society, such as politicians, businessmen, educa-
tors, and media but namely to geoscientists. They face new 
dilemmas emerging from the need of promoting sustain-
able exploration and use of the geological resources in 
order to respect the fragility of the physical environment. 
Geoconservation is related to this new social responsibil-
ity towards the use of Earth’s resources (Henriques et al. 
2011), including the fossil record. Geoconservation con-
cepts, methods, and techniques, namely assessment meth-
odologies for all kinds of geological objects displaying 
heritage value, such as fossils and integrating specimen-
based with site-based approaches, have been discussed in 
a previous work (Henriques and Pena dos Reis 2015). Such 
substantive knowledge of geoconservation can be applied 
to promote conservation and valuation of the paleonto-
logical heritage of the Earth by means of inventory and 
assessment procedures (Basic Geoconservation; Henriques 
et al. 2011).

Geoconservation must take the scientific requirements 
into account, usually provided by the scientific commu-
nity, but the ethical dimension of geoconservation also has 
to be considered, as the concern regarding the sustainable 
use of the geological resources requires the support of 
local inhabitants through the respect of their cultural back-
ground and economic needs (Martins and Pereira 2018). 
As pointed out by Peppoloni and Di Capua (2021), similar 
ethical issues and dilemmas that arise in different contexts 
and circumstances may require different choices, and any 
intervention imposed on its management without consider-
ing the conditions and characteristics of the local contexts 
risks provoking opposing, even violent, reactions from the 
communities involved in fossil sampling.

Mining activity is traditionally considered big threat for 
fossil conservation, and in many countries, highly restric-
tive laws were created for the use of sites where fossilifer-
ous rocks outcrop for the extractive industry, for amateur 
fossil collection, and even for scientific purposes. How-
ever, such extreme conservationist positions lead to a great 
paradox about fossils. In fact, the mining of fossiliferous 
formations is, quite frequently, an important source of fos-
sil occurrences of great scientific importance (De Miguel 
et al. 2020). In fact, knowledge about the fossil record does 
not result only from the sampling of specimens by paleon-
tologists as part of their scientific activities. It results from 
other sources that can recognize in fossils other contents 
than those usually assigned by the scientific community, 
and who also aim to preserve it; in this case, they promote 
a bottom-up approach to geoconservation (Fig. 2).

It is mainly through the various stages of the extractive 
production process, which includes the opening of the mine, 
rock revolving, extraction, mineral processing, and genera-
tion of large volumes of waste that enhances the potential 
discovery of new fossils. Brito et al. (2021) recently reported 
the occurrence of marine Late Cretaceous coelacanth from 
Morocco obtained from a commercial fossil source, a sector 
that is also commonly seen as a damager of the paleonto-
logical heritage by the scientific community. This is despite 
the fact that the majority of the illegal trade in fossils and 
artifacts is from poor third-world countries to rich first-world 
ones (Besterman 2001).

The discovery of fossils is often a product of chance or 
serendipity (Duque and Mateos 2006; Henriques 2010), and 
mining increases such chances by expanding the exposure of 
the rocks. The action of paleontologists is to give scientific 
meaning to the discoveries, and only through their study can 
they produce a redefinition of fossils that transform them 
into ex situ heritage.

The conflict between mining activity and fossil pres-
ervation is a serious problem. But it can be overcome if 
a constructive network can be established between local 
communities and experts. To underestimate the role of non-
experts who somehow deal with the fossil record, it does not 
lead to an increase in the probability of finding new taxa for 
instance and therefore deepen the knowledge in paleontol-
ogy and enlarge the paleontological heritage.

A geoconservation strategy that seeks to engage the dif-
ferent communities around the fossils is certainly more suc-
cessful in terms of guaranteeing the integrity of the fos-
sil record, and, therefore, of the paleontological heritage. 
Only knowledge leads to the awareness and preservation of 
a fossil, whether it results of popular culture or is academi-
cally produced. The articulation between all the actors in 
a framework aiming at the geoconservation of any kind of 
geological object that displays heritage value depends on 
communication effectiveness. This is a major component in 
all the steps of the process, and not just at the end when local 
populations are expected to actively participate in safeguard-
ing the geological objects’ physical integrity (Tavares et al. 
2015). Meanings are socially produced and have a dynamic 
nature. It is therefore up to the academic community to try to 
understand the different meanings that non-specialists attrib-
ute to the fossil object and cooperate with them in its valori-
zation, i.e., in assigning other meanings to the same object. 
Thanks to their knowledge and expertise, geoscientists have 
competence and experience to better understand the Earth 
system, its elements, and dynamics; therefore, they play a 
crucial role as special informer and educators of the general 
public as part of their geoethical responsibility towards soci-
ety (Drąsutė et al. 2000).

Brazil and Portugal have very different legal frameworks 
regarding fossil collection and mining. But the UNESCO 
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Global Geoparks Network (GGN) requirements about this 
issue are very demanding with regard to the management 
of the paleontological heritage of the territories included in 
the network. If this heritage results from extractive activi-
ties, a conflict may arise between the mine owners and the 
geopark administration, which, in this way, will not be able 
to fulfill the requirements imposed by the GGN. The posi-
tive articulation between the scientific community and the 
quarry owners provided new opportunities in two UNE-
SCO Global Geoparks (UGGp) — Araripe (NE Brazil) and 
Arouca (N Portugal) — to implement sustainable mining 
practices that made it possible to guarantee the integrity of 
its paleontological heritage and therefore promote effective 
geoconservation.

Current Practices of Conserving 
the Paleontological Heritage at Araripe 
and Arouca UNESCO Global Geoparks

The Araripe and Arouca UGGp share with all the UGGp the 
fact that they are single, unified geographical areas where 
sites and landscapes of international geological significance 
are managed with a holistic concept of protection, educa-
tion, and sustainable development (UNESCO 2021a). But 
they also share another important feature: their extraordi-
nary paleontological heritage. While the Araripe UGGp is 
characterized by important fossil records from the Early Cre-
taceous times between 100 and 140 million years old, the 
Arouca UGGp provides giant trilobite fossils up to 70 cm in 
size of Ordovician age between 460 and 470 million years 
ago (UNESCO 2021b,c). Moreover, despite the unavoidable 

conflict between mining activity and fossil preservation, in 
both cases, the extractive industry played a crucial role in 
making accessible many tons of material containing fossils, 
many of which were later studied by experts and scientifi-
cally validated.

The Araripe UNESCO Global Geopark

The Araripe UGGp is located in the Northeast region of 
Brazil (S07°13′46″, W039°24′32″), at the State of Ceará, 
occupying a total area of 3441 km2 (Fig. 3). It was desig-
nated as a member of the Global Geopark Network in 2006 
and as UGGp by UNESCO in 2015, based on the excep-
tional preservation of its fossils (UNESCO 2021b). Besides 
its geological and paleontological record of the Gondwana 
Lower Cretaceous, in a geodiversity hotspot context (Bétard 
et al. 2018), it also presents important biomes of the Brazil-
ian semi-arid regions.

Despite the importance of its geological heritage, the 
main regional economic activity is the extraction of rocks 
for cement production and construction, which leads to 
the exposure of new outcrops that show a great number of 
fossils. However, besides mineral exploration, the Araripe 
UGGp uses its geodiversity in the design and implemen-
tation of resources for scientific, educational, and tourism 
purposes (Boas et al. 2013; Carvalho et al. 2021; Henriques 
et al. 2020).

The area of the Araripe UGGp covers the Araripe Basin, 
where one can find two fossil conservation and concentration 
(the Crato and Romualdo Lagerstätten), which can be con-
sidered the best-known Mesozoic Lagerstätten of Gondwana 

Fig. 3   Geographic location of 
the Araripe UGGp (Brazil) and 
the Arouca UGGp (Portugal)
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(Martill 1997; Maldanis et al. 2016; Dias and Carvalho 
2020; Carvalho et al. 2015a,b, 2019).

The discovery of fossils in the Araripe Basin dates to 
1799 in the locality of Engenho Gameleira, in Jamacaru, by 
João da Silva Feijó (Nobre 1997). The locality provides large 
amount of fossil fishes included in carbonate concretions, 
called ichthyoliths (ichthy, fish; lithos, rock). Since then, the 
repository of these fossils has been carried out in different 
national and international institutions (Carvalho et al. 2021). 
The Crato Lagerstätte was discovered as the result of mineral 
exploitation of laminated limestones in Nova Olinda County 
(mainly in the Mina Três Irmãos and Mina Pedra Branca) 
to its use as ornamental rock. Until the 1980s, there were 
only a few small quarries to supply the surrounding small 
cities, but during the 1990s, the stone became popular and 
new markets were open (Andrade 2007). This ornamental 
rock is composed of laminated limestone and is commer-
cially known as “Pedra Cariri.” Extraction is relatively sim-
ple, with the cutting of large blocks or even small surfaces 
ready for industrial use. In these laminated limestones, the 
discovery of fossiliferous outcrops only became possible due 
to the existence of mining fronts, which advance in vari-
ous directions and locations in the municipality of Nova 
Olinda. The thousands of fossils discovered since then, and 
the description of new species, are essentially restricted to 
the mining district (Fig. 4). But this arouses a new problem 
to the geological heritage — the improvement of knowledge 
is conditioned by the environmental damage generated by 
the mineral extraction, besides the complex legal frame that 
regulates the extraction and management of fossils in the 
territory (Figs. 5, 6A and B).

The Arouca UNESCO Global Geopark

The Arouca UGGp is located in northern Portugal and coin-
cides with the area of the Arouca Municipality (N40°55′56″, 
W008°14′42″), occupying a total area of 327 km2 (Fig. 7). It 
was designated as a member of the Global Geopark Network 
in 2009 and as UGGp by UNESCO in 2015. This was based 
on the relevance of its geological record representing ancient 
seas that bordered the supercontinent Gondwana and the 
formation of Pangea that occurred during Paleozoic times 
(UNESCO 2021c). The high fossil content of large Ordovi-
cian trilobites is one of the most distinctive characters of 
the geopark — the giant trilobite fossils of Canelas, some 
reaching 70 cm like Hunginoides bohemicus (in Gutierréz-
Marco et al. 2009). The first specimens were discovered as 
a result of artisanal quarrying of roofing slate (“Lousas de 
Canelas”) which started in 1820 by the Valério family and 
then became mechanized in the last decade of the twentieth 
century leading to the increasing appearance of fossils which 
were carefully collected by its last owner, Manuel Valério de 
Figueiredo (Figueiredo 2011). Besides scientific activities, 

the Arouca UGGp also uses its geodiversity in the design 
and implementation of resources for educational and tourism 
purposes (Henriques et al. 2012).

The Valério´s quarry located in Canelas village is one of the 
40 geosites inventoried at the geopark operating accordingly 
with the Portuguese legislation. The discovery of the large 
Ordovician trilobites at this quarry only became possible due 
to the existence of mining fronts exposing large surfaces of 
dark grey slate, commercially known as “Lousas de Canelas.” 
In addition to trilobites, other fossils were found (bivalves, 
rostroconchs, gastropods, cephalopods, brachiopods, crinoids, 
cystoids, hyoliths, conulariids, ostracodes, graptolites, and 
ichnofossils; Sá et al. 2021 and references therein). For almost 
30 years, the owner, on his own initiative, collected all the 
relevant fossil occurrences found as a result of the quarry 
operations and during the industrial processing of slates in 
order to reach the appropriate dimensions and thicknesses 
for commerce. In partnership with paleontologists, Manuel 
Valério de Figueiredo contributed decisively to increasing 
knowledge about the paleontological heritage of the Arouca 
UGGp. All the material is properly stored and the more 
relevant specimens are exhibited at the Museum of Trilobites 
of the Geological Interpretation Centre of Canelas (CIIGC 
2021a, b), held by Ardósias Valério & Figueiredo, Lda., 
the quarry owner (Figueiredo 2011; Fig. 8). Although the 
ownership of this paleontological heritage remains in private 
hands, the formal partnership with the Arouca Geopark 
Association, the management structure of the Arouca UGGp, 
ensures its availability for exhibitions, educational programs, 
and collaboration with scientific research (Henriques et al. 
2012; Sá et al. 2021). Valério’s quarry geosite represents a 
best-practice example showing that it is possible to make 
quarrying of fossiliferous sites and private ownership of fossil 
collections compatible with geoconservation with benefits for 
the local communities and the scientific world (Brilha 2020).

Discussion

The Brazilian Federal Constitution (Brasil 1988) includes the 
fossil record of the country as part of its National Heritage (Art. 
216, V) based on the concept that paleontological heritage is a 
key part of the heritage of the Union. This legal instrument is 
reinforced by several laws and decrees (e.g., protection of areas 
with important geological heritage falls under Law 9985/2000) 
that aims to regulate the extraction and management of fossils 
in the territory (Carmo et al. 2010; Piranha et al. 2011; Haag 
and Henriques 2016). Since 1942, fossiliferous deposits are 
owned by the nation and the extraction of fossils depends on 
prior authorization by the state.

In theory, restrictive rules on fossil collection ensure the 
conservation of the paleontological heritage. However, when 
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Fig. 4   Location of the Araripe UNESCO Global Geopark (A) and the quarries where the “Pedra Cariri” has been exploited at Nova Olinda 
county (Ceará State, Brazil) and where most of the new species from the Crato Lagerstätte were found (B)
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fossils are found in raw materials, the situation becomes 
more complicated. The paleontological heritage becomes 
more vulnerable if the communities, where the deposits are 
located, rely on the extraction of fossiliferous raw material 
for their livelihood. At the Araripe UGGp, the limestone 
extraction contributes significantly to the local economy, 
apart for being the host material where the exceptionally 
well-preserved fossils from Romualdo and Crato formations 
occur. During the extraction of the rock, the workers perform 
different actions such as cutting (square) the rock, removing 
the rock, and cutting the rock slabs (Henriques et al. 2020).

Fossils appear throughout this process; since they are 
part of the Brazilian Heritage, workers who legally exploit 
a quarry are alleged criminals because they are handling 
fossils. Furthermore, this illicit behavior persists whether 
the fossil is commercialized or stored to be analyzed later 
by a specialist. Faced with the prospect of imprisonment 
by the Brazilian police, it is safer to destroy the region’s 

abundant quarry mining waste, which is generally rich in 
fossils, reducing the chances of discovering outstanding 
fossil occurrences. In order to avoid problems, relevant 
paleontological information is being lost, in an attack on 
the integrity and conservation of paleontological heritage. 
Moreover, the quarry mining waste can be useful to 
stimulate locals to perpetuate the tradition of using the 
Cariri Stone for the construction of their houses instead 
of paint-coated cement (Carvalho et al. 2020). This has 
evident positive impacts, by promoting a circular economy, 
reducing natural resource use and depletion, and recovering 
traditional construction techniques (Henriques et al. 2020).

So, in the absence of legal instruments that make it possible 
to distinguish between the different contents present in each 
fossil, as well as their potential heritage value determined 
from them, in practice, this allows for the indiscriminate 
criminalization of fossil collection and sampling, as well as 
the emergence of a parallel economy that feeds big merchants 
at the expense of low-income local mining workers. As 
pointed out by Martill (2001), although the commercial traffic 
of Brazilian fossils is prohibited, it thrives, namely involving 
the exceptionally well-preserved fossils from Romualdo and 
Crato formations of the Araripe Basin.

In Portugal, collecting fossils for scientific studies has 
no legal constraint, while amateur collecting is prohibited 
only in places with recognized paleontological heritage 
included in protected areas (Regional or National Natural 
Monuments) or geoparks. However, this situation does not 
necessarily cause a greater loss of fossil record or damage 
to geoconservation, and it is often the case that gains made 
through private initiatives largely cover putative losses. In 
fact, this legal status allows the establishment of local private 
museums that promote the teaching of paleontology and the 
popularization of fossils, as it is the case of the Geologi-
cal Interpretation Centre of Canelas at the Arouca UGGp 
(Figueiredo  2011).

The two geoparks display different relationships between 
geological resource exploration and geoconservation.

To face the challenges of implementing nature conserva-
tion, land-use planning, and sustainable development within 
geoparks requires overcoming the dissociation between 

Fig. 5   Changes in the terrain topography in the mine fronts are daily, 
resulting in a change in geomorphology, generation of millions of 
cubic meters of mined rock and associated tailings. The opening of 
the mining front and the rupture process in the bedding planes lead 
to the appearance of fossils. This is not an intentional search for this 
constituent element of the rock, as it is part of the rock itself. Mining 
front in Nova Olinda, 30 July 2014

Fig. 6   Field monitoring at col-
lection sites previously carried 
out, as in the case of fragments 
of birds and feathers in 2011 
(A). The advance of mining 
led to the destruction of the 
outcrop, and the disappearance 
of all surfaces of fossiliferous 
layers. Photograph on February 
9, 2014 (B)
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community, science, and politics and capitalizes on geo-
logical heritage and its relationship with local communi-
ties. In the Arouca UGGp, the mineral exploration was the 
motor to the fossil discoveries and to the establishment of 
the geopark. The existence of mineral activity is organically 
related to the local community and brings clear benefits for 
knowledge and heritage conservation. Despite some good 
examples of partnerships between the government, universi-
ties, businesses, and non-governmental organizations for the 
development of education at the Araripe UGGp (Carvalho 
et al. 2020; Henriques et al. 2020; Fig. 9), the institutional 

conflicts, legal uncertainty, lack of community interest in 
preserving heritage, and economic damage to activities 
already established in the region harm the paleontological 
heritage.

The evaluation of the various management models that 
already exist for geoparks in areas where mineral activ-
ity occurs is thus of great importance. In these cases, the 
new governance models must envisage actions postulated 
within the scope of environmental, social, and governance, 
i.e. taking into account non-financial factors as part of the 
analytical process to identify material risks and growth 

Fig. 7   Location of the Arouca UNESCO Global Geopark and the 
Ardósias Valério & Figueiredo, Lda. quarry at Canelas village (A). 
The extraction of slates in this quarry allows the discovery of many 

trilobites which are one of the main interests of visitors in the geop-
ark (taken from 2021b (B); taken from andarilho.pt with permission 
(C))

Fig. 8   The private Museum of 
Trilobites, property of the Ardó-
sias Valério & Figueiredo, Lda. 
quarry: views from outside (A) 
and inside (B) of the Museum 
of Trilobites at the Geological 
Interpretation Centre of Canelas
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opportunities within any organization (Senadheeraa et al. 
2021). Fossils must be recognized, above all, as part of the 
geological heritage and mining as an activity relevant to the 
discovery of the Earth’s history, when envisaged as prod-
ucts and services that can contribute to promote sustainable 
development. However, this does not imply that they should 
only be considered with an immaterial heritage value, since 
there are specific economic elements involved in their pros-
pecting or casual discovery.

Conclusions and Final Remarks

The fossil record, whether it forms part of geosites or 
museum collections, must be seen as an important com-
ponent of the diversity of the Earth. When fossils display 
heritage value — therefore composing the paleontologi-
cal heritage — they require geoconservation awareness in 
accordance with its polysemic and multifunctional nature.

Conventional approaches to geoconservation of the fossil 
record mainly emerge from the academic world and follow a 
top–bottom methodology of inventorying, assessment, con-
servation, valuing, and monitoring procedures to fossils and 
fossil sites. While experts are likely to actively participate in 
the first step of the process, local communities are expected 
to accomplish its final part by ensuring the physical integrity 
of the fossils and/or fossil sites. Education is considered the 
main key to increase the public awareness and involvement 
in geoconservation.

However, fossils attract other groups of people besides 
paleontologists who assign to fossils different meanings and 
heritage contents and who may provide the safeguard of their 
integrity. In this sense, they represent polysemic entities and 
this propriety may endanger its geoconservation. This sim-
plistic reasoning leads to the appearance of prejudices rela-
tively to non-experts like fossil amateurs, dealers, or mining 
owners. They may have great responsibilities on the disap-
pearance of specimens included in private collections, or on 
their destruction due to mining activity. But among them, 
there are many exceptions that should be disclosed as they 
represent inspiring examples of good practices of coopera-
tion between the academic and the non-academic worlds. In 
fact, quarry owners and workers, as well as amateur collec-
tors, can be important suppliers of paleontological heritage 
when specialists can achieve an effective communication 
around the different heritage contents that fossil may display.

A semiotic vision of the fossil record can help to perceive 
the different meanings that anyone can assign to fossils and 
fossil sites. Heritage contents of great social attractiveness, 
i.e., with scenic contents, are more likely to promote pub-
lic awareness on geoconservation, representing a culturally 
differentiated path towards the conservation of the pale-
ontological heritage. This is a starting point for increasing 

community engagement in valuing the paleontological 
heritage in general, supported by bottom-up approaches to 
geoconservation.
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