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ABSTRACT

The objective of this work is to analyze the potential of the anthropogenic relief as an unexplored dimension
of mining heritage, since it understands that the geomorphological features derived from the mineral ex-
traction process have value for geoconservation actions. A survey and analysis of bibliographical references
was carried out to identify the articulation between mining and geoconservation, from a geomorphological
approach. Finally, a conjunctural analysis was proposed in the Minas do Camaqua Geosite, in order to un-
derstand the anthropogenic forms of relief as mining heritage. Anthropogenic morphologies derived from
mining activities should be explored based on their relationship with the techniques used for their spatial
organization and the historical period in which they were created and may promote geotourism geared
towards mining in geosites occurring in mining areas.

Keywords: Mining; Anthropogenic relief; Geoconservation.

RESUMO / RESUMEN
ABORDAGEM GEOMORFOLOGICA NO ESTUDO DO PATRIMONIO MINEIRO

O trabalho tem como objetivo analisar o potencial do relevo antropogénico enquanto dimensao ainda pouco
explorada do patriménio mineiro, pois compreende que as feigdes geomorfoldgicas oriundas do processo de
extrag@o mineral possuem valor para agdes de geoconservagdo. Foi realizado o levantamento e analise de
referéncias bibliograficas que possibilitaram identificar a articulagdo entre mineragdo e geoconservagao, a
partir de uma abordagem geomorfoldgica. Ao final foi proposta uma analise conjuntural no Geossitio Minas
do Camaqua, a fim de compreender as formas do relevo antropogénicas enquanto patrimonio mineiro. As
morfologias antropogénicas derivadas das atividades de mineragao devem ser exploradas a partir da relagdo
das mesmas com as técnicas utilizadas para sua organizagdo espacial e o periodo historico em que foram
criadas, podendo promover o geoturismo voltado a exploragdo do patriménio mineiro em geossitios com
ocorréncia em area de mineragao.

Palavras chaves: Mineragdo; Relevo antropogénico; Geoconservagao.

Article history:

ENFOQUE GEOMORFOLOGICO EN EL ESTUDIO DEL PATRIMONIO MINERO

El trabajo tiene como objetivo analizar el potencial del relieve antropogénico como dimension atin poco
explorada del patrimonio minero, pues comprende que las caracteristicas geomorfologicas oriundas del
proceso de extraccion mineral poseen valor para acciones de geoconservacion. Se realizo el levantamiento
y analisis de referencias bibliograficas que posibilitaron identificar la articulacion entre mineria y geocon-
servacion, a partir de un enfoque geomorfologico. Al final se propuso un analisis coyuntural en el Geossitio
Minas do Camaqua, a fin de comprender las formas del relieve antropogénico como patrimonio minero.
Las morfologias antropogénicas derivadas de las actividades de mineria deben ser exploradas a partir de
la relacion de las mismas con las técnicas utilizadas para su organizacion espacial y el periodo historico en
que fueron creadas, pudiendo promover el geoturismo volcado a la explotacion del patrimonio minero en
geositios con ocurrencia en area de mineria.
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INTRODUCTION

On the whole, mining activities are generally associated with conflictual relationships with
geoconservation practices (GESICKI and SANTUCCI, 2011, BRILA, 2014), but they can be re-
conciled (DAVID and KARANCSI, 2010; BADERA et al., 2011; CONLIN and JOLLIFFE, 2011;
LOPEZ-GARCIA et al., 2011; GESICKI and SANTUCCI, 2011; HORVATH and CSULLOG,
2012; BRILHA 2014; DIAS, 2015).

Mining activities follow the evolution of civilizations, with increasing amounts of these
resources being mobilized to meet socioeconomic demands (HOOCK, 2000; DAVID, 2010;
PRICE, 2011). Geoconservation emerged at the end of the twentieth century, with the objective of
ensuring “the conservation of geodiversity for its intrinsic ecological and geo-patrimonial values”
(SHARPLES, 2002). According to Brilha (2014), geoconservation does not intend to extinguish or
threaten mining activities, since modern society needs mineral resources to maintain the demand
for consumer goods. For the author, geoconservation aims to preserve the most significant vestiges
of the Earth’s long history for society’s use, mainly from a scientific and educational point of view,
including mining areas.

Lopez-Garcia et al. (2011) state that mining areas make it possible to understand the magni-
tude of man’s action on geodiversity. Changes occur in the geology and geomorphology of these
spaces leading to the organization of anthropogenic landscapes also recognized as geoheritage,
and, therefore, susceptible to geoconservation actions. The anthropogenic features in mining areas
also subsidize explanations about the history of the Earth in a recent period where geological and
historical (human) time scales overlap, creating Anthropocene forms and processes (ZALASIEWI-
CZ et al., 2008).

At the end of the twentieth century, the concept of mining heritage (PUCHERIART et al.,
1994, VERDE and PICON, 2010, IGME, 2012, MARCHAN and SANCHEZ, BRILHA, 2014)
revealed an approximation between mining activities and geoconservation, with anthropogenic
relief as one possible approach. The organization of the anthropogenic relief in mining areas is
the starting point for the constitution of the other elements belonging to mining heritage, such as
industrial facilities and architectural structures, and therefore deserves prominence as a constituent
element of this patrimony.

In view of these initial considerations, this work was developed with the objective of analyzing
the potential of the anthropogenic relief as an unexplored dimension of mineral heritage, in order
to show that geomorphological features from the mineral extraction process have value for geo-
conservation actions in areas under strong mining influence.

To develop this research works were analyzed that made it possible to identify the relationship
between mining and geoconservation in areas of open-cast mineral exploration, where the anthro-
pogenic relief has a strong geotouristic potential and could be exploited as mining heritage.

The references were selected from online databases such as: the digital libraries of Brazilian
and international universities (Federal University of Rio Grande do Sul, University of Sao Paulo,
Paulista State University, Federal University of Rio de Janeiro, University of Minho, University
of Coimbra and University of Porto); the Brazilian Digital Library of Theses and Dissertations
(BDTD); Web of Science; the CAPES / MEC Portal of Journals; the Brazilian Commission of
Geological and Paleobiological Sites (SIGEP); the Geological Survey of Brazil (CPRM) and the
Scientific Electronic Library Online (SCIELO).

The search methodology for the references obeyed two criteria and filters, applied in all the
online databases: keywords and languages. Six key words were defined: mining; geoconservation;
mining heritage; geotourism; anthropogeomorphology; and geosites in mining areas. The search
for the keywords occurred in a combined way, in English, Portuguese and Spanish.
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The initial search found 92 bibliographic references, of which 32 were effectively selected
after an analysis of the abstracts, objectives and methodology. Among the selected references, 20
approach concepts related to Mining, Geoconservation and Mining Heritage, 7 refer to concepts
linked to Geodiversity, Geoconservation and Geotourism, and 5 are related to the concept of An-
thropogenic Geomorphology.

The search and revision of these works began in July 2015 and lasted until March 2016. At
the end of the review, a conjunctural analysis was proposed at the Minas do Camaqua Geosite (Rio
Grande do Sul state, Brazil), in order to relate the anthropogenic forms of the relief to the mineral
heritage originating from a historical occupation process linked to the mineral exploration of copper.

MINING AND GEOCONSERVATION:
MINING HERITAGE AS A POSSIBILITY

At the Rio + 10 Conference in 2002, mining was considered as a fundamental activity for
economic and social development (DIAS, 2015). However, Brilha (2014) emphasizes that mining
activity can lead to the destruction of geological features that have potential scientific, educational
and touristic uses.

According to Lopez-Garcia et al. (2011), mining can promote geoconservation, since in some
situations, it allows access to rocky massifs where new geological occurrences with geo-patrimonial
relevance are identified (BRILHA, 2014), revealing important questions regarding the Earth’s evo-
lutionary memory (DIAS, 2015).

Mining areas have natural and cultural elements that can provide the basis for the development
of tourism (HORVATH and CSULLOG, 2012), and many mines have a cultural and industrial
heritage that is part of the geoheritage (DAVID and KARANCSI, 2010; JOLLIFFE, 2011). Accor-
ding to the cited authors the number of tourists interested in visiting regions whose landscape is
expressed by the heritage of mining is increasing.

For Nascimento et al. (2013), a mine exposes the geological heritage of a region as few points
on the planet can and keeps all the memory of the techniques and difficulties of the peoples involved
and the way resources are appropriated, implying the existence of immaterial and material patrimony.

Lopez-Garcia et al. (2011) explain that abandoned mining areas that have sufficient educational,
cultural, historical or scientific value should be prioritized by geoconservation actions and should
be recognized as geosites. According to Horvath and Csiillog (2012), even though there are a sig-
nificant number of abandoned mines and quarries capable of geoconservation actions, it is difficult
to find sites under the influence of mining that are recognized as geosites.

The first group interested in the conservation of the mining memory was formed in the region of
Cornwall, South-West England, with the creation of the Cornish Engineer’s Preservation Committee
in 1935, aimed at the conservation of the local mine buildings (PUCHERIART, 2000). Brilha (2014)
considers that mining heritage refers to everything that is involved in the exploitation of active and
/ or inactive mining, such as minerals and rocks that are being (or have been) extracted from the
subsoil, industrial facilities, historical documentation of the mines, processes and techniques of
exploration, and even the histories and traditions of mining communities.

Marchan and Sanchez (2013) explain that mining heritage also includes the cultural lands-
capes resulting from the open-cast and underground excavation fronts. These cultural landscapes
encompass man-made relief forms in mining areas and studied by anthropogenic geomorphology.
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ANTHROPOGENIC RELIEF AND MINING HERITAGE:
THE EXAMPLE OF THE MINAS DO CAMAQUA
GEOSITE (BRAZIL)

Anthropic action acts directly as a geomorphological agent in mining areas, as it uses techni-
ques that alter the drainage network and relief to exploit ore (SZABO, 2010). According to Puche
Riart et al. (1994), Fagiewicz (2009) and Badera et al. (2011) especially in the case of open-cast
mines, the relief is remodeled in such a way that new morphologies of great interest and landscape,
technical-scientific, cultural and tourist value are created.

According to Verde and Pincon (2010) the other structures created as a result of mining acti-
vities (villages, industrial structure and processing) reinforce the importance of the anthropogenic
relief as an initial milestone in the constitution of the mining heritage. Verde and Pincén (2010) also
state that there are different specialties that study mining heritage, including architects, engineers,
geologists, historians, economists, geographers, anthropologists and sociologists. However, the
geomorphological dimension is little explored when considering the fact that interventions in the
relief in mining areas are considerable and that the record of these interventions remains imprinted
in the landscape of regions under the influence of active and / or inactive mining activities.

Thus, geomorphological knowledge must subsidize the evaluation of and value given to the
mining heritage of geosites. Carton et al. (2005) propose that this subsidy should occur from the
elaboration of geomorphological maps that allow an immediate perception of the spatial distribu-
tion of relief forms, both to technical personnel and the population in general. The aforementioned
authors affirm that the cartographic representation of geosites showing the anthropogenic relief is
underexplored, although it is relevant for future geotourism actions.

Hose (2000) defines geotourism as the incentive of interpretive means and services to spread
the value and social benefits of geological and geomorphological sites and materials, ensuring their
conservation, for the use of students and tourists. Thus, geotourism aims to disclose the geodiversity
of a given region and, depending on the access conditions, become an economically viable activity
(JUNIOR, 2013, VERAS, 2014).

Garofano and Govoni (2012) evidence the high potential of mining areas for geotourism
activities that enable the understanding of aspects of anthropogenic relief, such as the history and
techniques involved in its evolution over time.

In Brazil, the inventory and dissemination of geosites, proposed by the Geological and Pa-
leobiological Sites Project - SIGEP, and the Brazilian Geoparks Program, linked to the Brazilian
Geological Survey (CPRM), cover geosites in open-cast mining areas. This conjuncture paves the
way for geomorphological studies that recognize, characterize, analyze and promote the anthropo-
genic relief associated with this mining heritage. The Minas do Camaqua Geosite (Rio Grande do
Sul State, Brazil) is recognized for its geoheritage linked to mining activities and the anthropogenic
relief is one of the most striking aspects of the landscape (BORBA, 2013).

The protection area of the Minas do Camaqua Geosite was defined and is located in the mu-
nicipal boundaries of Cacapava do Sul, Santana da Boa Vista, Bagé and Pinheiro Machado, in the
central region of the State of Rio Grande do Sul - Brazil ( Figure 1). The boundary of the Minas
do Camaqua Geosite Protection Area (APGMC) was based on the studies of Borba (2013), who
carried out an inventory of 46 geosites in the municipality of Cagapava do Sul, covering the Minas
dos Camaqua geosite, defined by author as a place of conflict between its geopolitical importance
and the extraction of ores, which results in its need for greater protection.
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Figure 1- Location map of the APGMC. A - Map of Brazil with emphasis on the state of Rio Grande do Sul; B - Map
of the state of Rio Grande do Sul with municipalities covering the protection area of the Minas do Camaqua geosite;
C - Map of the protection area of the Minas do Camaqua geosite.

The extraction of copper at the Camaqua Mines began in mid-1865 (TEIXEIRA, 1992; PAIM,
2000) and contributed to the socio-spatial formation of the region until 1996, when the known
reserves were fully depleted (PAIM, 2000, 2002). The intervention caused by mining has registe-
red a set of anthropogenic morphologies in the landscape that are of great importance as elements
associated to the mining heritage.

Figure 2 shows the anthropogenic relief resulting from the process of excavation and disposal.
We highlight the abrupt levels in inactive mining pits, with the occurrence of an artificial lake. These
morphologies have different potentials and limitations for use in geotourism (Figure 2).
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scientific activities carried out by universities and schools.
Limitations Alccess (requires authorization from owners; moderate
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The area can be used to understand the techniques involved in
Proposals for the stage of extraction and disposal for mineral extraction.

geotourism use

Thus, 1t should facilitate and offer structures for access,
information and guidance.

Figure 2 -Potential evaluation for the geotouristic use of the anthropogenic morphologies

derived from the excavation or disposal stage.

The exploitation of the anthropogenic relief is already taking place in this area from activities
directed to adventure tourism, such as guided trails, zipline, rowing, canopy, abseiling, kayak, hi-
king, mountain biking and cycling, quadricycles, riding, climbing wall, among others (Figure 3).
However, the current adventure tourism does not provide an interpretation of the local geological-
-geomorphological context. Therefore, activities that propose an association between adventure
tourism and geotourism are needed to enable a better understanding of the mining heritage present
in the region.

——

Figure 3 - Figure 3a: kayaking at the Arroio Jodo Dias dam, built in the twentieth century to provide power for the

mining enterprise. In Figure 3b: Stand Up Paddle on the lake located in one of the open-cast mines.

Source: Minas Outdoor Sports
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According to Brilha (2014), agreements with the owners of mines, quarries and mining com-
panies can be the gateway to geoconservation and geotourism actions. The author also emphasizes
that inactive mining areas, as well as those that do not have high economic income, must be made
available by their owners for studies and activities with scientific, educational and tourist purposes.

Figure 4 shows the morphologies resulting from the process of loading and transporting the
material resulting from the excavation and disposal. These forms were created to provide access to

Geomorphological Approach in the Study of Mining Heritage

the mines, leading to cuttings, landfills, embankments and conduits for roadways.

Potential

Pedagogical-scientific

Current use

Mone

Access (requires authorization from owners; moderate to

Laoniiationg difficult access)
The photo evidences landfills for large-scale circulation roads
that are important to understand the changes caused by mining
on the local geomorphological and hydrographic dynamics in
Proposals for the field. The location in the photo can also enable the
geolourism use comprehension of the actions of weathering and biological

process on the anthropogenic morphologies resulting from
abandoned mining. Thus, 1t should facilitate and offer
structures for access, information and guidance.

Figure 4 - Potential evaluation for the geotouristic use of the anthropogenic morphologies created from the loading

Figure 5 makes it possible to identify the anthropogenic morphologies resulting from the dispo-
sal process in sterile piles. The deposition of the sterile cells gave rise to morphologies recognized

and transport stage.

as sterile hill borders and sterile hill slopes.
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Potential Pedagogical-scientific

Current use None

Limitations A:Dcess (requires authorization from owners; moderate to
difficult access)
The area is the mtial location of the open-cast excavations,
which failed in the mining of copper, but it is historically

o s st important for the development of mining activities in the area.

This anthropogenic relief should be understood in terms of the
environmental degradation caused by mining activities. Thus,
it should facilitate and offer structures for access, information
and guidance.

geotourism use

Figure 5 - Evaluation of the potential for the geotouristic use of the anthropogenic features from the disposal stage in
sterile piles.

The three examples show that access to the mining heritage in question is still one of the main
limitations for the best tourist and pedagogic-scientific use of anthropogenic morphologies. Access
involves the owners’ permission and the best indication regarding the safest places for satisfactory
observation conditions.

With the exception of the lake in the mining pit, the other morphologies are underutilized.
Proposals for geotourism should be based on the organization of itineraries, with the support of
interpretive panels that invite visitors to understand the landscape they are contemplating, based
on the understanding of visual and textual elements in an accessible language.

FINAL CONSIDERATIONS

Based on the theoretical review and the conjunctural analysis, some final considerations were
developed:

(1) Anthropogenic forms must be exploited from their relationship with the techniques used
for their spatial organization and the historical period in which they were created. This reveals
the magnitude of anthropic interference in the natural landscape and shows the complexity
involved in the mining stages that have led to the constitution of features with significant
potential as mining heritage.

Mercator, Fortaleza, v. 18, e18002, 2019.
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(2) The anthropogenic relief impressed on the landscape must be explored by geotourism in
order to enable tourists, researchers, school and university students and other interested persons
to immerse themselves in the history of the activities that occurred over a short period of time
and led to the creation of these anthropogenic forms.

(3) The anthropogenic relief must subsidize geotourism geared towards the exploration of
the mining heritage of geosites in mining areas. The involvement of the local population is
important because it facilitates the diffusion of knowledge about mining activities.

(4) The anthropogenic features present in the Minas do Camaqua Geosite reveal the history
of the mining activities that occurred in the area and are of geographical importance. These
features should be understood as a mining heritage that qualifies Minas do Camaqua Geosite
as a mining history geosite.
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