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Studies on mining heritage and geoheritage walk different paths. While the former is based on a more 
cultural bias, the latter has its bases and conceptions geared towards the natural. However, the concept 
of landscape, which merges the natural and the cultural, connects the two concepts of heritage, enabling 
the conception of mixed heritage, namely, geo-mining. Based on the principle that mining interventions 
on the natural landscape can result in outcrops of features and aspects of geodiversity relevant for the 
understanding of regional evolutionary history, this article analyzes geo-mining heritage based on con-
cepts of anthropogenic geomorphology. A geo-mining classification with three types is proposed based 
on the intensity and extent of anthropic alterations on the geoforms.
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1 Introduction

The Earth is transformed through time. In the history of 
geological science, this observation comes from the writings 
of Nicolaus Steno, in the 17th century. Broadened by the 
vigorous, consistent and systematized work of James Hutton 
and Charles Lyell in the following two centuries, it was such 
an observation that provided support for the texts of Charles 
Darwin. However, the finding that humanity was an agent of 
transformation capable of interfering in and transforming the 
spheres located on the Geosphere was down to Vladimir 
Vernadsky at the beginning of the 20th century. This idea of 
humanity's capacity for transformation did not have primacy 
in Vernadsky, as others had already made this observation 
(e. g. Lyell cited by Peloggia and Ortega 2016, Eschwege 
1833, cited by Fonseca and Sobreira 2001, Sherlock 1922). 
However, Vernadsly devoted himself to the topic more 
diligently, including using radio programs to spread these 
concepts. In the eagerness of humanity to obtain a lasting 
foundation of food, comfortable habitations, and rapid forms 
of transportation and communication, humans have taken a 
wide variety of living organisms and resource materials for 
themselves. The use of georesources reached a high intensity 

and was spread around the planet through the industrial 
revolution and that of modern agriculture and livestock. As 
a result, there have been modifications to the landscape, 
whether in urban regions or in regions far from urban centers.

Mining activities are among the most markedly intensive 
in landscape modification, leaving a long history of records 
on the Earth's surface. There are remnants of mining from 
41,000 years ago in Egypt (Vermeersch 2005) and Swaziland 
(Beaumont 1973). In Latin America, signs of mining from 
around 12,000 years ago have been found in Chile (Salazar et 
al. 2011). The anthropic effects on the surface of the Geosphere 
caused by mining processes, whether concentrated or spread 
across a region, may result in peculiar surface features 
and accumulations of materials that interfere in the natural 
characteristics of a site or region. Such activity partially 
established the bases of what Sotchava (1977) defined as an 
anthropogenic landscape, being that which results from the 
interaction between the Geosphere and the anthroposphere. 
The conception of Anthropogenic Geomorphology (Szabó 
et al. 2010) also arose from these relationships. Anthropic 
interference can expose significant geological features, which 
would otherwise not be available to human access (for more 
information concerning the subject see Drew 1983, Goudie 
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1993 and, information related to mining as geodiversity mining 
heritage see Von Ahn and Simom 2017). Peloggia (1998) 
indicates that anthropic intervention in the dynamic of nature 
results in consequences that can be grouped into three levels 
of approach. The first level is associated with the occurrence 
of transformations on the relief, that is, modifications related to 
landforms. The second level corresponds to alterations in the 
geomorphological dynamic, and the third level is related to the 
formation of deposits that may have been developed as a result 
of human agency. Price et al. (2011) and Peloggia et al. (2014) 
established a taxonomy of features on technogenic ground, 
providing a foundation for advances in the understanding of 
human interventions on the landscape and incorporating the 
anthropogenic dimension into cartographic surveys.

1.1 Modification of the landscape through mining

Mining stands out among the anthropogenic actions that 
contribute to landscape modification. The geosphere provides 
humans with more weather-resistant materials that allow the 
construction of towns and cities with longer-lasting facilities. In 
addition, some geomaterials are inputs for modern agriculture. 
If on the one hand mining contributes to the configuration of 
technogenic features in urban centers, on the other hand, it 
is also responsible for landscape modifications at the sites of 
georesource extraction. Thus, upon modifying the landscape, 
the removal of georesources contributes to generating rocky 
expositions that would not otherwise be visible. Some may turn 
out to be unique expositions with relevance for geoheritage. 

There is no agreement among those that study geoheritage 
in respect to the definition of what geo-mining heritage would 
be. There are authors like Brilha (2016) that suggest that 
geoheritage should be distinct from other forms of heritage. 
Despite having direct connections with rocky expositions, as 
is the case of elements of mining heritage and archeological 
heritage, they are subject to distinct methodological 
procedures and analyses, constituting diverse cognitive fields. 
Others, such as Nascimento and Castro (2019) and Cordeiro 
(2010), understand that mining heritage can aggregate natural 
elements such as geomaterials, as well as documental, 
architectonic and immaterial elements, although they do not 
indicate the existence of geo-mining heritage. There are also 
those such as Puche Riart (2000) and Cañizares Ruiz (2011) 
that consider both geological heritage and mining heritage as 
one bivalent heritage category.

The geo-mining heritage associated with anthropogenic 
geomorphology can be recognized on mining landscapes 
or those exposed through intensive mining activities. 
They are recognized as significant from the geological or 
geomorphological perspective by institutions and research 
groups focused on geoheritage studies. Moreover, heritage 
value is intensified when local societies identify themselves 
with landscapes presenting a strong anthropogenic influence. 
Peloggia (2018) discussed these aspects in the light of 
Brazilian legislation and compiled the contribution of several 
national authors in aspects related to landscape modification 
and classified the initiatives into different categories.

The search for sites of human heritage classified as 
geoheritage carried out by Migori (2018) recognized that 
among the 206 natural sites classified as World Heritage by 
UNESCO, 90 had geoheritage references. On the other hand, 
Castro (2018), in an analysis conducted on the UNESCO World 

Heritage list of cultural or mixed heritage (encompassing both 
natural and cultural criteria), recognized only 28 sites as being 
relevant for geo-mining heritage, which is 2.56% of all sites. 
All of these are framed by their cultural aspects. No sites were 
found that registered the interaction between mining activities 
and geodiversity. 

2. Methodological References

The method used in the classification of geo-mining 
heritage linked to anthropogenic geomorphology follows 
the principles of Price et al. (2011) and Sherlock (1922) in 
regard to anthropogenic geomorphology. It starts with the 
description of the geoforms built or modified by human action, 
their dimensions, their location, as well as the possibility of 
reshaping and requalification for other uses.

There is no specific base containing, in a systematic way, 
data on mining assets or geosites that are associated with 
mining. Therefore, a wide review of the subject was carried 
out in sources of information scattered in the literature. The 
focus was to investigate those areas where mining, mainly 
in the open pit type and old or historic mines abandoned or 
deactivated, was active and resulted in landscape modification. 
Several sources of information on sites considered important 
as mining heritage and geoconservation were examined. As 
a basis for the analysis of mining heritage, the list of Unesco 
World Heritage Sites (UNESCO 2020) and the works of Migori 
(2018) and Castro (2018) were reviewed. An attempt was also 
made to analyze the lists contained in some compilation works 
of geological heritage (e.g. Dingwall et al. 2005) and which 
had mining activities as the basis of their exhibition The vast 
literature on mining heritage organized by Sociedad Española 
for the Defensa del Patrimonio Geológico y Minero (SEDPGYM 
2020) and in the Geological Society (2020) was visited, as well 
as information about mining in the United Kingdom (e.g. The 
Mining Institute 2019, Mining Exploration and Mining History 
2019, Cornish Mining World Heritage Site 2019).

In Brazil, in addition to the national geosite base (e.g. 
Geological and Paleontological Sites of Brazil – Sítios 
Geológicos e Paleontológicos do Brasil – Schobbenhaus et 
al. 2002, Winge et al. 2009, 2013, CPRM 2019, special focus 
was given to two regions with historical records of mining 
activity: the highlands of the southern center of Minas Gerais, 
near Ouro Preto, the birthplace of the gold cycle, in the 17th to 
19th centuries and the Chapada Diamantina, in Bahia, where 
diamond was the main agent of interiorization of the population 
in the 18th and 19th centuries. In the Ouro Preto region there 
are several works regarding the mining heritage and landscape 
modification (e.g., Fonseca and Sobreira 2001, Sobreira 2014, 
Barbosa et al. 2018) and in Chapada Diamantina, mainly in the 
Igatu and Lençois region (e.g., Santos et al. 2010, Russ and 
Nolasco 2012, Nolasco 2012).

3. Results

From the analysis carried out on the geoheritage and 
mining heritage sites, based on elements substantiated in the 
anthropogenic geomorphology, three landscape classes were 
defined as follows:

1) Re-qualifiable local landscape: places in which the 
mining activity generates localized pits and mine benches, 
where the concentration of the mineral resource and the 
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geomorphological conditions enable low-cost, normally 
mechanized, extraction. Worked anthropogenic geoforms 
can be found (in the classification of Price et al. 2011), 
represented by pits and constructed lands such as spoil 
heaps. Anthropogenic geoforms are easily recognizable. 
Two factors contribute to the closure of extractive activities: 
mineral exhaustion and the conflict between mining and the 
predominant use of the territory, which is commonly due to the 
expansion of urban centers. The requalification of the pits and 
mine benches is necessary and desirable, with their usage 
normally aimed at tourism and leisure, and, occasionally, for 
the expansion and maintenance of forested areas;

2) Regional landscape intensely transformed through 
mining activities: these are regions in which the mining 
activity is little mechanized and widespread, with blasting, 
excavations, piling of waste material and the construction of 
aqueducts and mining flumes. Normally, they are associated 
with mineral resources of very high value to weight ratio, such 
as silver or gold, which encourage manual extraction or semi-
mechanized work that is scattered and irregular. The intensity 
of this mining produces several anthropogenic geoforms 
whose dimensions are relatively small. The result is a mosaic 
of excavated and produced land, represented by heaps of 
sterile rocks, which increases the roughness of the terrain. In 
many cases, this favors the settlement of sparsely populated 
regions, creating urban centers;

3) Regional landscape exhumed by regional mining 
activities: regions in which the mineral resources were 
completely exhausted, in which there have been no processes 
in use since the end of mineral exploration. Mineral extraction 
occurred using rustic processes with little industry, which were 
persistent over time, and there is no recovery of the modified 
areas. Given the shallow depth of mineral resources in regions 
where the exhumation of the paleosurface occurs, which is the 
physical expression of an ancient landscape, their extraction did 
not require intense mechanization. The result is the exhumation 
of a visible geological discontinuity (stratigraphic), which 
clearly marks the separation between geological materials 
that present cohesive characteristics and disparate mineral 
concentrations. In terms of anthropogenic geomorphology, 
excavations predominate, with the constructed ground being 
locally restricted. 

The landscapes that are altered through mining over 
time have cultural and heritage value, and therefore come to 
compose geo-mining heritage of that locality or region. Table 1 
presents examples of landscapes transformed through mining.

The first defined class, local re-qualifiable landscape, can 
be exemplified by the Municipal Park of Mangabeiras (Figure 
1A), in the Serra do Curral mountains in Belo Horizonte, Minas 
Gerais (Brasil). In that area, there was an iron mine, which 
functioned until the 1970s (Ruchkys et al. 2012). The mining 
bench was requalified and today houses the administrative 
headquarters of the park and the Praça das Águas, which 
is a complex of socio-environmental programs that involve 
environmental awareness and valorization of the natural 
environment. 

The Cumbe quarry, which was in activity from the middle 
of the 20th century extracting dolomitic marble for cladding 
in the region of Cachoeira do Campo, Ouro Preto (Brazil), 
is another example of this class. The extraction was shut 
down in the current decade as the rocks contain the oldest 
stromatolites in South America (Dardenne and Campos Neto 
1975, Maciel 2014).

The Tanguá quarry (Figure 1B), in Curitiba, Paraná State 
(Brazil), was the source of rocks for paving and construction. 
After its shutdown, it was requalified, being transformed into 
an urban park (Liccardo et al. 2008).  

Another example is the 80m-deep pit, 1000 m from 
the perimeter to the foothill of the Tianma Hill in Shanghai 
(China), which was an active quarry between 1950 and 2000, 
when it was abandoned. It currently houses the Shimao 
Shenkeng hotel, also known as the InterContinental Shanghai 
Wonderland Hotel, a five-star hotel on the outskirts of 
Shanghai (Ping et al. 2019). 

A notable example in this class is Butchart Gardens, near 
Victoria, British Columbia (Canada). In 1909, gardens were 
created on the site of an exhausted limestone quarry, and 
they are one of the biggest regional attractions until today and 
recognized as a historic site in Canada (Canada’s Historic 
Places 2019).

The second class, regional landscapes intensely 
transformed through mining activities, have various stand-out 
examples, such as the gold-mining areas to the south of the 
Quadrilátero Ferrífero, especially those in the mountains of the 
municipality of Ouro Preto, between Ouro Preto and Mariana 
(Minas Gerais, Brazil). Gold extraction in the mountains of 
Ouro Preto (Sobreira 2014, Nascimento 2016), (Figure 2A and 
2B), and of Antônio Pereira (Nascimento 2016, 2019), (Figure 
2C and 2D), which began in the mid-17th century, modified 
the geomorphological configuration of these mountains. In the 
18th century, the Serra de Ouro Preto gold mines provided the 
base for the main urban center in the Brazilian interior.

TABLE 1. Types of landscapes modified by mining and examples.

Class Examples Location References

Re-qualif iable local 
landscape

Parque das Mangabeiras Belo Horizonte, Minas Gerais, Brazil Ruchkys et al. (2012)

Pedreira do Cumbe Ouro Preto, Minas Gerais, Brazil Dardenne and Campos Neto 
(1975), Maciel (2014)

Pedreira Tanguá Curitiba, Paraná, Brazil Liccardo et al. (2008)
Tianma Hill Quarry Shanghai, China Ping et al. (2019)
Butchart Garden Victoria, British Columbia, Canada Canada’s Historic Places (2019)

Regional landscape 
intensely transformed 
through mining activities

Serra de Ouro Preto Ouro Preto e Mariana, Minas Gerais, Brazil Sobreira (2014), Nascimento 
(2019)

Serra de Antônio Pereira Ouro Preto e Mariana, Minas Gerais, Brazil Nascimento (2016)
Las Médulas El Bierzo, Castilla e León, Spain Sánchez-Palencia et al. (2000)

Regional landscape 
exhumed by regional 
mining activities

Igatu Andaraí, Bahia, Brazil Russ and Nolasco (2012)

Cerro del Hierro San Nicolás del Puerto, Andaluzia, Spain Moreno et al. (2008)
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The gold mining carried out by the Romans in Las Médulas, 
on the border between Galícia, Astúrias and Castela and 
León, in Northwest Spain, is distributed across approximately 
1,200 hectares. According to Sánchez-Palencia et al. (2000), 
around 100 million m3 of material was removed in the first two 
centuries of the Christian era, being considered the largest 
open-air gold mine of the Roman Empire. It is now a UNESCO 
World Heritage site, recognized for cultural criteria (Figure 3)

The third class of landscape refers to those regions in 
which mining provoked the exhumation of paleosurfaces. Two 
examples stand out - Igatu, in the Andaraí district of Bahia 
(Brazil) and the Natural Monument of Cierro del Hierro, in the 
Serra Norte de Sevilha Natural Park (Spain).

Igatu is a record of diamond and carbonado extraction, 
this being an amorphous variety of diamond, in the Chapada 
Diamantina, since the 17th century. Diamond and carbonado 
extraction work was essentially not mechanized and 
profoundly modified the regional landscape (Nolasco 2012). 

Two aspects of the diamond mine contributed to the intense 
landscape modification in Igatu: the sale price of diamonds, 
which increases exponentially with their weight, and the 
subsequent extraction processes that preserve their physical 
integrity. Thus, the mining of diamonds is carried out in alluvial 
and colluvial deposits in drainage headwaters, accumulated on 
Proterozoic rocky substrate on the mountainous slopes of the 
Chapada Diamantina. Extraction occurred in unconsolidated 
material, removing the pedological material that supported the 
previously existing vegetation, exhuming the rocky surface 
(Nolasco 2012, Russ and Nolasco 2012) (Figure 4).

In Cerro del Hierro, San Nicolás del Puerto, Andalusia 
(Spain), iron extraction was responsible for the transformation 
of the landscape (Figure 5). Moreno et al. (2008) describe 
that the iron mining carried out from the pre-Roman period 
to the mid-20th century created a landscape intensely altered 
by anthropic action. The iron was concentrated in a surface 
of stratigraphic discontinuity between Eocambrian limestone 

 
FIGURE 1. Examples of Class 1 Geo-mining Heritage. A - Municipal Park of Mangabeiras, in Belo Horizonte, requalifying an old iron ore mining 
at the foot of Serra do Curral (photo Eliezer S. Costa). B - Tanguá quarry, in Curitiba, an old quarry of gneiss and diabase re-qualified for tourist 
use, preserving the exposure of rocks (photo by Leonardo Stábile)

FIGURE 2. Examples of Class 2 Geo-mining Heritage. A - image of the Serra de Ouro Preto showing areas of urban occupation interspersed 
with areas of dismantling caused by gold mining throughout the 18th century. Note the areas of great roughness that result from dismantling by 
mining in the neighborhoods of Alto da Cruz and Padre Faria; in the background the Morro da Queimada. B - details of part of the Ouro Preto 
mountain. C - rough relief, caused by intensive gold mining, west of Antônio Pereira district, Ouro Preto (Google Earth 2020). D - in the middle 
plane, relief with pinnacles, resulting from the intense mining of gold.
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and Neocambrian mudstone. Karst developed in the limestone 
that was formed in four stages, the most intense being in the 
Paleogene, when there was a new subaerial exposition that 
caused more extensive regional karstification, followed by the 
current, less developed karstic processes. The iron minerals 
are formed in the mudstone that fills the karst. The iron mine 
exhumed a significant part of the features of the exokarst 
formed in the Paleogene.

4. Discussion

The evolution of concepts in geoheritage and mining 
heritage has taken many paths. This is partly due to the 

segmentation of knowledge fields in heritage terms, in which 
there is a tendency to separate analysis of what is relatable 
to world heritage into two frameworks, the natural and the 
cultural. There are few UNESCO World Heritage sites classed 
as mixed; there were only 38 sites on the 2018 list, which 
corresponds to 3.48%.

Industrial transformation processes of nature, as in the 
case of mining, were not initially understood as being the 
cultural expression of communities. The literature related to the 
historical evolution of the concept of mining heritage resided, 
initially, in mining processes, especially historical processes. 
Only later did it address the way of life and the values of the 
people of mining regions as an expression of collectiveness, 

FIGURE 4. Class 3 Geomineer Heritage. A - the village of Igatu and the anthropogenic landscape generated by the extractive action of the 
diamond and carbonado (Google Earth 2020). B - an evolutionary scheme of diamond mining action over 200 years and the generation of the 
current landscape (Russ and Nolasco 2012). C and D - the current landscape of the region, showing the exposure of rocks with shrub cover 
and arboreal vegetation occupying the depressions caused by the emptying of fractures and removal of colluvial-alluvial material by mining.

FIGURE 3. Class 2 Geo-mining heritage. Anthropogenic geoforms from Las Médulas (Spain), an ancient gold mine from the Roman period, 
active throughout the 1st and 2nd century AD (photo Alessio Damato).
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and, therefore, their heritage. Subsequently, the documents 
of mining industries were understood as part of the heritage, 
and, more recently, the landscape, encompassing the natural 
aspect, transformed through mining, with its industrial 
buildings and homes, and its form of construction as part of 
mining heritage (Puche Riart 2000). On the other hand, the 
origin of geoheritage and its importance occurred based 
on the understanding that relevant examples of geological 
materials (in situ and ex situ), geoforms and their formation 
processes became important, as they reflect and portray the 
history of the Earth. Its origin comes from the understanding 
of the natural heritage of the abiotic component, following the 
steps of humanity in the conservation of biotic nature since the 
middle of the 20th century.

The connection between Geoheritage and Mining Heritage 
has the concept of landscapes that incorporate elements of 
the natural and the anthropic as an essential element. By 
associating elements of geoheritage and mining heritage, in 
the initial analysis, it is recognized that there is a relationship 
between geomaterials and the extraction processes used 
throughout the human history. Some of these processes 
have been used intensely for decades and have played a 
role in forging a mining culture in certain societies. In the final 
analysis, this relationship between geomaterials and extraction 
processes imprinted modifications on the landscapes, which 
can be described in light of the concepts of anthropogenic 
geoforms, some of which, given their characteristics, are so 
conspicuous that they can be distinguished and classified 
according to their main types.

Some of the most significant examples of geosites and 
elements of geological heritage (Brilha 2016), such as the 
mega crystals of Naica (Garcia-Ruiz et al. 2007) and the large 

trilobites of Canelas-Arouca, in Portugal (Gutiérrez-Marco et 
al. 2009), were only able to be revealed through mining. There 
remains a field to be explored in regard to the classification 
of anthropogenic geomorphology features when focusing on 
mining, especially open-pit mining or mining at shallow depths. 

5. Conclusions

The concept of humans as geological agents, capable of 
transforming the Earth, has at Vernadsky, not the primacy, 
but one of its main disseminators in the first half of the 20th 
century (Vernadsky 1998). At the end of that century, these 
concepts were expanded, and methods of classification and 
mapping of forms created and/or modified by humans were 
applied. Where mining produces and changes geoforms 
it ends up generating mining landscapes, incorporating 
the anthropic to the natural. In these places, there is the 
possibility of a connection between Geoheritage and 
Mining Heritage.

This text classifies the landscapes generated by 
anthropogenic mineral geomorphology consisting of three 
classes of landscapes, determined by their expression in 
terms of typologies of anthropogenic geoforms constructed, 
excavated, and exhumed.
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