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Geodiversity and geological heritage are considered to be parallel and closely related
concepts of biodiversity and biological heritage. Biodiversity is based and exists on the
geodiversity of a territory. In the same way, mining activity and mining heritage are
distinguished as contributing to social and economic development. The mining heritage
is linked to the geological heritage and has become increasingly important for its social
value and relationship with tourist activities. This study aims to analyze these fields'
intellectual structure through bibliometrics as a current and innovative methodology that
allows a full understanding of their structure and the relationships between these fields
of cultural heritage, geodiversity, mining and geotourism. The following methodology
considered: i) Search for classified information with scientific rigour in an indexed
database, using search descriptors that cover the objective set, ii) analysis of scientific
articles through graphical and statistical output schemes, and iii) discussion of the
contributions, methodologies used, and trends on the subject. 709 documents of 29 years
(1990-2019) from the Scopus database were analyzed. The results show the main themes,
countries and influential institutions in cultural heritage, geodiversity, mining and
tourism, which address six major research topics ranging from sustainable mining to
geodiversity. Extensive information and understanding are provided that other research

has partially addressed, allowing current and potential research areas to be identified.

1. INTRODUCTION

The natural heritage conservation and its corresponding
legislation have remained biased to the biotic context [1]. In
contrast to a minimal group of international geological interest
sites, and specific projects for the geosites conservation. Can
be attributed to the lack of prominence in both geoscientists’
professional looking and geosciences educative looking [2].
Despite the biotic bias, there are seven UNESCO Global
Geoparks in Latin America: Araripe (Brazil), Palace Caves
(Uruguay), Comarca Minera (M&ico), High Mixteca
(México), Imbabura (Ecuador), Andagua’s Colca and Volcano
(Peru) and Kutralkura (Chile) [3].

The Geoparks show that both natural and cultural heritage
has an essential role in the relationships between human beings
and their environment, considering the natural heritage as the
set of assets, natural and environmental resources that the
society has inherited from their predecessors [4]. Moreover,
the cultural heritage as the set of tangible and intangible assets
made of elements which reinforce the community sense, with
the self-identity and the unique features of a human group,
which are passed between generations [5]. The natural-cultural
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heritage emphasizes the natural elements that stay in their
original context but are intervened by human beings. On the
other hand, the geological heritage is an essential part of the
natural heritage, and it is defined as a non-renewal natural
resource, that is part of the common good and its part of the
natural and cultural heritage of the humanity [6]. It is also used
as an economic geo-resource, which requires identification
and valuation for correct management, with a vision of
sustainability [7].

The geoparks as Earth’s parks have geodiversity,
biodiversity and cultural heritage [8]. This concept directly
associates the community with their territory, framed in the
sustainable use of the resource, through geotourism, in a
suitable legal and institutional framework [9]. The term of
geodiversity is a useful concept for management and
conservation of the abiotic heritage, whose incorporation is
necessary for local policies of sustainable development and
valuation of natural resources [10]. There is a natural variety
of the geological and geomorphological characteristics,
including their associations and contributions for the creation
of landscapes [11, 12]. The geodiversity is related to
geotourism, where the beautiful landscapes are appreciated,
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studied and enjoyed by the travellers [13]. Because of this, the
geotourism according to the Carrich Mero et al. [14] is defined
from the finality of appreciating the geological,
geomorphological procedures and the natural resources of the
landscape (relief, rocks, fossils), including passive
recreational visits as admiration, appreciation and learning.
Furthermore, the geotourism is considered according to
Dunlop et al. [15] as a sustainable touristic segmentation,
made by people who get interested in learning the geological
and geomorphological aspects of a particular place, being this
their primary travel motivation.

It is also understood as the touristic and sustainable
promotion strategy of a place based on the dissemination of
their geological heritage [2]. The geotourism has the potential
of contribute to the sustainable development of the territory,
benefiting zones with very different socio-economic realities
[14], like the mining sector, where the sustainable mining
takes an essential role in search of alternatives solutions in the
sustainable development framework [16-18].

Given the importance of these academic fields and the
relationships involved, it is necessary to analyze the
geodiversity and mining fields' scientific production, using
modern methods, like bibliometrics, which allows knowing its
cognitive structure, evolution, and trends [19].

For this purpose, two main pathways were established. First,
an analysis of the scientific production performance at
evaluating documents, researchers, countries and journals of
the thematic was done. In the second place, the intellectual
structure and its evolution from using science maps using co-
occurrence and co-citation networks were identified.

2. MATERIALS AND METHODS
2.1 Bibliometric analysis

The research field analysis requires a systematic process
that allows mapping and evaluating its structure, using explicit
and rigorous methods, which together are called systematic
reviews of the literature [20]. These rigorous processes are
applied similarly in bibliometric analyzes [21, 22].

Bibliometric analyzes first initiated by Lopez-Muiloz et al.
[23]. They allow to structure the knowledge of a specific field
of study, through the quantitative analysis of its intellectual
structure, patterns and evolution over time [24]. This type of
analysis has carried out in various academic disciplines [25,
26], among them, the earth sciences [4].

In this study, a four-step methodology is used to collect
information on the intellectual structure of the field of study to
evaluate the performance of scientific production through the
analysis of documents, countries and authors, and current
topics and research trends.

2.2 Defining search terms

The selection of keywords for data collection includes the
terms "geodiversity", "mining" and "geotourism", being terms
of common use in geology. When referring to responsible
mining as activity towards sustainable development, it is
necessary to consider post-mining recovery, take advantage of
mining exploitation areas, and promote sustainable tourism
through thematic mining parks, underground museums, and
touristic mines. It is essential to value geodiversity and rescue

the geological and mining heritage [27-29].
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Scopus database was selected, to evidence high-quality
scientific material, being the largest database of citations and
abstracts of peer-reviewed bibliography, based on two main
characteristics: i) application of rigorous quality standards
through Scimago Journal Rank (SJR) and Cite-score, ii) broad
coverage in time compared to other databases, being Scopus
the most suitable for analysis of citations with a considerable
number of references stored as metadata [25, 30]. Reasons
justify its use by allowing the validation of the indexed
information.

The data collection was carried out in March 2020, based
on the selected terms that allowed the identification of the
study topics (descriptors), based on the titles, abstract and
keywords, which allows establishing the search topic to
identify the records of scientific production related to the
subject of study [9]. These records provide a set of metadata
that describes each of its attributes and is the primary source
of information for this type of study. The search topic used
descriptors and Boolean operators; it is summarized as follows:
TS = (TITLE-ABS-KEY (“geopark”) OR TITLE-ABS-KEY
(“cultural heritage”) OR TITLE-ABS-KEY (“geodiversity”)
OR TITLE-ABS-KEY (“mining”) OR TITLE-ABS-KEY
(“geotourism”) AND  TITLE-ABS-KEY  (“sustainable
development”)). Based on these criteria, 6487 records were
obtained.

2.3 Refinement of search results

With the information obtained, inclusion and exclusion
criteria were applied in studies with a bibliometric approach
[31]. The field of study was limited to the Earth and Planetary
Sciences sub-area, obtaining 2,192 records. Only articles are
considered in this process, excluding conference articles,
books and chapters, editorials, notes and letters. This criterion
is based on the fact that journal articles are considered certified
knowledge [24]. Nine hundred seventy-six articles (976) were
obtained.

Also, articles only in English were chosen because it is the
language most used in various fields of knowledge and
researchers worldwide [32], obtaining 774 documents. The
period considered corresponds from the publication of the first
document in the Scopus database (1990) to 2019. The year
2020 was excluded because not all documents corresponding
to the year mentioned were available. Finally, 741 documents
were obtained.

2.4 Data cleaning and software selection

The database was downloaded into an Excel spreadsheet for
analysis, including relevant information related to scientific
production: title, author details (names and affiliation),
keyword, abstract, citation count, journals and references.

In the downloaded database, processing was carried out to
clean the data and ensure its quality. Records without author,
duplicates and not related to the research topic were eliminated,
which finally made it possible to obtain 709 documents.

Data processing and performance analyzes were performed
manually using the Microsoft Office Excel tool. Additionally,
the VOSviewer software was used, which allows the
construction and visualization of bibliometric maps based on
two-dimensional spacing [33]. Moreover, it allows revealing
the study field's cognitive structure, using various easily
interpretable bibliometric maps such as the occurrences of
author keywords, co-citation of authors and co-citation of



journals [34, 35]. VOSviewer has been used as a tool for
analyzing various fields of knowledge [36, 37], as well as
those related to the natural sciences [38].

3. RESULTS AND DISCUSSION

This study presents an analysis of the scientific publications
published in geology related to "Geodiversity and Mining"
oriented to the development of geotourism during the period
1990-2019. This section shows results related to the
performance analysis of the scientific production and
bibliometric maps.

3.1 Performance analysis

3.1.1 Scientific production analysis

The evolution of scientific production is shown in Figure 1,
where the last 19 years is concentrated at 92.30% and
duplicated in 10 years after starting the subject of study. The
analysis indicated that the field of study has resulted in a total
of 709 records, which for analysis purposes have been divided
into three time periods which we examine below:

Period I (1990-2000), the growth pattern is slow at first and
extends until the year 2000; it has 55 scientific articles (7.70%
of the total) and 35 citations (7.04%). The first published
article that mentions the subject is “Minerals, materials and
developing countries-a forward look” [39], this deals with the
mineral development that promises to be a significant vehicle
for economic growth and mentions an overall framework on
issues of mineral and material needs of the developing world
is shown in the context of “sustainable development”. On the
other hand, the year 2000 shows the highest scientific
production of the period with 12 articles and nine citations.
The article “Sustainable development of natural resources:
Implications for mining of minerals” shows the concepts and
practices in sustainable development to attempt a framework
of strategies for the mineral industry [40].

In this period, some authors contributed with studies related
to mining and environmental responsibility, where the
company must make economic, ecological, and social
considerations [41], action programs for sustainable
exploitation of mineral resources [39] or hydric resources [42],
as well as the consideration of reducing the use of industrial
coal and SO, emissions [43]. The mining company must show
a commitment to sustainable development to achieve trust
from society [44], which allows the participation of
stakeholders who are directly or indirectly affected by its
activities [45]. The government and international
organizations are involved in sustainable mining development,
where the government implements laws [46] and the proposed
by international organizations [47].

Period II (2001-2010), observed that in 2002, there was a
substantial increase in scientific production until 2010 with a
production of 248 articles (34.89%) and 151 citations. The
year 2006 stands out in this period, registering 43 articles
(6.05%). The most relevant and cited article was "A
geomorphological approach to the management of rivers
contaminated by metal mining" which deals with current and
historical metal mining, river channels and floodplains in
many parts of the world that have been contaminated with
metal-rich wastes in concentrations that can pose a danger to
human livelihoods and sustainable development [48].

Some studies in this period continue in the line of mining
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and environmental responsibility when considering: i) The
water resource. When researching the overexploitation of
aquifers [49], contamination of rivers [48], the impact of
agriculture and coal mining as pollutants of groundwater [50],
and the effects of climate change on this supply [51] and, ii)
The land resource, where mining plays an important role, by
establishing environmental assessment systems [52], rules for
sustainable development [53], obtaining data accurate to
quantify mineral trends and environmental aspects [54] and
their contaminants [55].

Period III (2011-2019), In this last phase, 406 articles are
shown (57.40%) and has 311 citations. The year 2017 shows
the highest production of 66 documents; The article "The
world's lead-zinc mineral resources: Scarcity, data, issues and
opportunities” stands out, which deals with analysis and
review of additional aspects that affect the future sustainability
of Pb-Zn resources, governed by economic factors, prevailing
social and environmental issues, much more than mere
resource constraints [56].

In this period, some researchers recognize the importance
of global soils in urban ecosystems [57] and the changes in
land cover that need to be monitored using modern techniques
[58]. Geodiversity and its integration into society are
considered by providing economic, social, cultural, and
environmental benefits [59] and the importance of geological
heritage [60]. Other researchers consider the pollution caused
by abandoned mining sites [61], agricultural soils by heavy
metals [62, 63], and natural and anthropogenic sources [64].

In recent years, the importance of mining and sustainable
development has been recognized for the protection of the
environment and the reduction of pollution in mineral
extraction and processing sites [65], technological
development for clean mining [66], energy savings, and
energy efficiency in the sector [67], as well as mixed reality
simulations for compression and operation of mines [68].
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Figure 1. Scientific production growth of Geodiversity

3.1.2 Frequently cited documents

When analyzing a field of studys, it is essential to know those
relevant documents according to the citations obtained [22].
Table 1 is presented 15 documents with the most extensive
citations in the area and the total period of study (1990-2019).
The most cited article is "Aquifer overexploitation: What does
it mean?", which exposes the implementation of groundwater
management measures, quantitatively studying the aquifer
with  multidisciplinary human teams in reliability
infrastructure [49]. The second article, named "A



geomorphological approach to the management of rivers
contaminated by metal mining" with 167 citations that deal
with contamination by metal-rich wastes that represent a

danger to human beings [48].
Table 1 shows the publications that make up the top 15 most
cited documents in the area.

Table 1. Authors and frequently cited documents

Ranks Author/Year Title Citations
1 Custodio, 2002 [49] Aquifer overexploitation: What does it mean? 278
Macklin et al., 2006 . - . .
2 48] A geomorphological approach to the management of rivers contaminated by metal mining 167
3 Streets a;]l., 2000 Sulfur dioxide emissions in Asia in the period 1985-1997 133

Impacts of multiple stresses on water demand and supply across the southeastern United

4 Sun et al., 2008 [51] S 126
tates
Hose, 2012 [69] 3G's for Modern Geotourism 116
6 Bridge, G., Sticks and stones: Environmental narratives and discursive regulation in the forestry and 113
McManus, 2000 [70] mining sectors
7 Guo & Wang, 2004 Hydrogeochemical processes in shallow quaternary aquifers from the northern part of the 103
[50] Datong Basin, China
8 ‘]chez‘osd’o-ligiT son, Earning a social licence to operate: Social acceptability and resource 87
9 Morel et al., 2014 Ecosystem services provided by soils of urban, industrial, traffic, mining, and military areas 85
[57] (SUITMAS)
Khalil et al. 2013 Ass_essment of sgil contaminatior_l a_round an abandoned mine_ in a semi-arid env_ironment
10 [61]” using geochemistry and geostatistics: Pre-work of geochemical process modeling with 82
numerical models
1 Esmaeili et al., 2014 A geochemical survey of heavy metals in agricultural and background soils of the Isfahan 77
[62] industrial zone, Iran
12 Glaister & Mudd, The environmental costs of platinum-PGM mining and sustainability: Is the glass half-full or 75
2010 [72] half-empty?
13 Mudd, 2007 [54] An analysis of historic production trends in Australian base metal mining 73
14 Zouros, 2004 [73] The European Geoparks Network 70
15 Gordon et al., 2012 Engaging with geodiversity-why it matters 70

[59]

3.1.3 Contributions by country and region

Table 2. Contributions by countries and regions

Geographical region  No. of papers  No. of citations

Asia
China 90 810
India 40 178
America
North America
United States 71 1151
Canada 54 432
South America
Brazil 19 110
Europe
Spain 26 519
Italy 25 302
France 17 340
Russian Federation 16 42
Northwestern Europe
United Kingdom 61 706
Central Europe
Germany 29 214
Poland 24 141
Southwest Europe
Portugal 15 248
QOceania
Australia 58 821
Africa
Southern Africa
South Africa 44 208

Several researchers worldwide can link their knowledge,
skills and experience through their contribution to scientific

production [24]. Table 2 shows the 15 most significant
contributions by country, ordered by region, which shows Asia,
America, Europe, Oceania and Africa—considering that the
field of study is globalized.

Also, it is necessary to analyze the contributions according
to their citations. Figure 2 shows the top 15 countries in
scientific production in this field of study and their citations.

China is the greatest exponent in the subject (90 documents
and 810 citations). The United States in second place (71
documents and 1,151 citations) and the United Kingdom in
third place (61 documents and 706 citations). The greater the
production, the greater the number of citations, as in China and
the United States.

100 1151 1400

1200
1000
800
600
400
200

Quantity

Countries

B Documents = Citations

Figure 2. Scientific production of documents and citations by
country

3.1.4 Influential authors
The fifteen principal authors with contributions in this field



of study are shown in Table 3, together with other indicators
that allow us to obtain more information from the researchers,
such as their institutional affiliation, country, publications and
the H-Index [74]. We found Scoble M, (7 articles; H-Index 22),

while the author (H-Index 92) is Chen L. It can be observed
that there is no direct relationship between the amount of
production of this field of study and the H-Index for each
author.

Table 3. Scientific production of documents and citations by author

Ranks Author Affiliation Country Productions H-Index
1 Scoble M. The University of British Columbia Canada 7 22
2 Li X. China Institute of Atomic Energy China 6 59
3 LiJ. Nanjing Agricultural University China 5 15
4 Veiga M. Universidade da Corufa Spain 5 40
5 Wang VY. Beijing Institute of Technology China 5 35
6 Liu X. Jiangnan University China 4 22
7 Mudd G. RMIT University Australia 4 35
8 Richards J. Beckman Institute United States 4 41
9 Wu F. Beijing Institute of Technology China 4 82
10 ZhaoY. Shandong University China 4 25
11 Benzaazoua M.  Universite du Quebec en Abitibi-Temiscamingue Canada 3 35
12 Bounouala M. UniversitéBadji Mokhtar - Annaba Algeria 3 4
13 Chen L. Pennsylvania State University United States 3 92
14 Corder G.D. The University of Queensland Australia 3 19
15 Hakkou R. UniversitéCadi Ayyad Morocco 3 18
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3.2 Analysis of the intellectual structure

When studying the intellectual structure of a given field of
science, some researchers have opted for modern visualization
methods known as bibliometric maps, when a significant
volume of documents needs to be analyzed [75]. These have
allowed academics and researchers to study a wide range of
science disciplines. In this section, the VOS viewer software
is used to generate maps of co-occurrences and co-citations,
which allow us to observe the similarities of the field of
research studied [76]. In these maps, nodes and links are easily
observed. The first term (nodes) allows to identify the unit of
analysis (keywords, authors, countries), and its size is
determined by the frequency of appearance and the
relationship between the nodes is configured by the links,
whose width reveals their strength [22, 77].

3.2.1 Author keywords co-occurrence network

It is a content analysis that uses keywords to understand the
research area's conceptual structure, allowing to observe
concepts and topics, for which it uses nodes and clusters
respectively [33]. From 1787 keywords provided by the
authors of this field of study, a co-occurrence network is built,
which considers 27 keywords, which have been cited at least
five times. Figure 3 is obtained from this, where the structure
and trends of this field of study are observed. Four clusters of
colours are identified that relate the areas of knowledge (main
research topics) and show the author's words represented in
nodes (topics).

Cluster 1 (red) has been called “Mining and Sustainable”,
relating the awareness of the local population about mining
and sustainability, which promotes ecologically important
sites [78-80]. The most important terms in this cluster are
Sustainable development, Sustainability and Mining, with 271
occurrences.

Cluster 2 (green) defined “Clean mining energies”, which
deals with the strategies developed in mining areas to promote
the ecologically sustainable development of the environment
[81-83]. The terms that stand out in this cluster are
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Environment, Mining industry and Recycling with 55
occurrences.

Cluster 3 (blue) represents the area of “Cultural heritage and
sustainable tourism”, illustrating the challenges and
opportunities of geoinformatics to improve the protection of
Cultural Heritage (CH) and promote sustainable tourism [84-
86]. The most important terms in this cluster are Cultural
heritage, GIS and Geosites with 47 occurrences.

Finally, cluster 4 (yellow) belonging to the area
"Geodiversity"  with  the keywords "Geotourism",
"Geoheritage" and "geodiversity", that relates the various
landscapes and  geological, geomorphological and

archaeological sites that could be used to explain the history
of the earthy the regional climate changes. Moreover, that can
serve as a model for the sustainable development of
Geotourism, preserve geological and archaeological heritage,
and contribute to establishing a geopark [69, 87, 88]. The most
representative terms are Geotourism, Geoheritage and
Geodiversity with a total of 100 occurrences.

3.2.2 Reference author co-citation network

The purpose of this network's construction is to recognize
the outstanding authors who have been linked as references for
the confirmation of the intellectual structure of these fields of
study [34, 35]. This network contains: the authors of
references' information, considering those cited at least ten
times or more, where 205 authors fulfil this criterion in Figure
4, involving topics related to knowledge such as geochemistry
within mining, geodiversity and environment within a context
of sustainable development.

Cluster 1 (red) has been called "Geochemistry mining",
who is most outstanding authors are Benzaazoua, M.; Wang,
Y.; Wang, J. and Chen, J. with a total of 1054 citations in
research topics about the geochemical behaviour of mining
waste.

Cluster 2 (green) is defined in the area of "Geodiversity"
with prominent authors such as Dowling, R.K.; Brilha, J.;
Gray, M. and Zouros, N. with a total of 1100 citations, which
address issues of geopark, geographic heritage and



geoconservation in a place marked by a relevant geological
heritage.

Cluster 3 (blue) called "Environmental" with representative
authors such as Mudd, G.M.; Hilson, G.; Veiga, M.M. and
Graedel, T.E. with a total of 742 citations that relate
sustainability and mining issues as a critical trend in extraction,
production and its environmental implications for the future.

Cluster 4 (yellow) known as "Mining and Sustainable
development”, whose outstanding authors are Scoble, M.;
Younger, P.L.; Ostry, A.; Edmunds, W.M. with a total of 174
citations in topics about sustainable development in the
minerals industry.

Cluster 5 (purple) called "Georesources", where the
outstanding authors of this group are Scholz, R.W.; Wellmer,
F.-W.; Randers, J. and Langer, W.H. with a total of 128
citations; their research topics are related to chemical element
reserves and resources for sustainable action.

Cluster 6 (turquoise) called "Geoscience", with authors
such as Xiao, W.; Cigna, F.; Tapete, D. and Turner, S. who
have a total of 80 citations on topics related to the area of
geoscience and remote sensing of the study about Earth.

Cluster 7 (orange) known as "Geotourism", whose
outstanding authors are Hose, T.A.; Jary, Z.; Vasiljevi¢, D.A.;
Liu, T.S. with a total of 148 citations that deal with topics
about geotourism through geological interpretation and
promotion of geoconservation.

Cluster 8 (brown) named "Geoheritage", with prominent
authors such as Di Gregorio, F.; De Waele, J. and Barca, S.
with a total of 49 citations on topics related to the conservation
and appreciation of geological heritage.

Cluster 9 (lilac) known as "Chemical and physical impact
in mining", whose lead authors are Macklin, M.G. and
Hudson-Edwards, K.A. with a total of 40 citations, dealing
with chemical and physical impacts of mine tailings on river
systems for sustainable watershed management.

Finally, cluster 10 (pink) called "Geomorphology", whose
outstanding authors are Galal, A and Paulo, A with 41 citations
and deal with topics about the preservation and geodiversity of
geomorphology for the economic development of a region.

3.2.3 Scientific journal co-citation network

The analysis allows us to observe the study field's structure
according to the reference journals that have allowed its
construction [75, 89]. In this network's configuration, the
threshold of at least 20 co-citations established, which has
allowed us to consider 49 journals that meet the requirement.
The co-citation journals network showed in Figure 5, where
the thematic groupings are differentiated by colour.

Cluster 1 (red) called "Environmental Science" comprises
15 nodes and a total of 472 citations, highlighting Science of
the Total Environment, Applied Geochemistry and
Environmental Earth Sciences, are considered journals for
publications on the environment, which includes the
environment of the Earth's crust and atmosphere.

Cluster 2 (green), called "Science Multi-disciplinary",
comprises 15 nodes and a total of 574 citations, highlighting
the journals Science, Ecological Economics and Nature,
magazines that present scientific news, commentaries and
cutting-edge research.

Cluster 3 (blue) named "Renewable Energy, Sustainability
and the Environment", comprises nine nodes and a total of 482
citations, highlighting Journal of Cleaner Production, Minerals
Engineering and Resources Policy, which focus on research,
cleaner production practice, environment and sustainability.
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Cluster 4 (yellow), called "Earth and Planetary Sciences"
contains six nodes and a total of 340 citations, highlighting
Geoheritage, Episodes and Proceedings of the Geologists
Association, which address issues on aspects of global
geological heritage, contributing to the conservation of sites
and materials, their interpretation through education, training
and tourism.

Finally, cluster 5 (purple) known as "Earth-surface
Processes" comprises four nodes and a total of 137 citations,
highlighting the journals Geomorphology, International
Journal of Remote Sensing and Catena, which stand out in
geomorphological issues of tectonics, regional structure,
glacial processes, geographical features, river sequences and
climate change.

4. CONCLUSIONS

This study offers an analysis of the intellectual structure of
the fields of cultural heritage, geodiversity, mining and
tourism  through  bibliometrics methods. Academic
publications were examined which are located in the Scopus
database for the period 1990- 2019. A total of 709 documents
were examined due to a rigorous methodological process of
compilation and selection, obtaining a transparent and
replicable process, making possible the full analysis of the
studied area.

The results obtained in connection with the performance
analysis, show three decades of thematic development, where
the last period (2010-2019) concentrates the highest
production (57.40%) demonstrating the increasing interest of
the study field. This interest is perceived by the contributions
of 84 countries located in five continents which the most
important by production are, Asia (China, India), America
(United States, Canada, Brazil), Europe (United Kingdom,
Spain, Italy, France, Russian Federations), Oceania (Australia)
and Africa (South Africa), where China, and United States
reports the highest contributions. In the case of the researchers
that have cooperated with the field development are Scoble M.
(The University of British Columbia), Li X. (China Institute of
Atomic Energy) and Li J. (Nanjing Agricultural University).

According to the concerned analyses of the intellectual
structure, there are some results to consider:

Firstly, the co-occurrence analysis of the author keywords,
show four relevant themes of this study field and 27 topics,
whose themes denominated “Mining and Sustainable”, “Clean
mining energies”, “Cultural heritage and Sustainable tourism”
and “Geodiversity”. The largest cluster corresponds to
“Mining and Sustainable” with 271 topics, where
Sustainability development, Sustainability and Mining are
highlighted. These studies show how the community is
sensitive to the effects of mining and sustainability.

Secondly, the co-citation analysis of the reference authors
includes ten groups that represent the diverse themes related
with “Geochemistry Mining”, “Geodiversity”,
“Environmental”, “Mining and Sustainable development”,
“Georesources”, “Geoscience”, “Geotourism”, “Geoheritage”,
“Chemical and physical impact in mining” and
“Geomorphology”. The clusters are led by researchers in their
areas, “Geodiversity” Brilha, J., Gray M., and Zouros N.;
“Mining and Sustainable development” M. Scoble, P.L
Younger, A. Ostry and W.M. Edmunds.

Thirdly, the bibliometric map of co-citation by journal
shows the most influential journals for the construction of the



intellectual structure, in five clusters that are related in
significant thematic areas: “Environmental Science”, “Science
Multi-disciplinary”, “Renewable Energy, Sustainability and
the Environment”, “Earth and Planetary Sciences” and “Earth-
surface Processes”—distinguishing the journals: Geoheritage,
Journal of Cleaner Production and Sustainability and the
Environment.

Fourth, this type of analysis makes it possible to visualize
the entire field of study, where the main topics it addresses can
be observed, and the relationships between various topics that
have been proposed by authors or researchers in the study
period. This represents an innovation in academia since
systematic reviews of the literature allow a partial focus on a
topic in the field of study.

This bibliometric study reflects guidelines to address topics,
and subtopics are created while integrating to analyze current
issues. In this case, in mining, geodiversity, gecomorphology
and geotourism, in recent years, guidelines related to geo-
heritage have been strengthened, or the need to establish
sustainable development guidelines in industrial mining
activities.

Many aspects that are related with the analysis of the
intellectual structure are considered and show that: i) Is
evidenced an increment in the researches related to the fields
of cultural heritage, geodiversity, mining and tourism; ii) The
investigation area of “Mining and Sustainable development”
has a recent development in handling two sensitive themes
with a potential development; iii) In the geosciences area there
is sustainable development in the areas of “Georesources”,
“Geoscience”, “Geotourism”, “Geoheritage” which have
managed to combine between them.

Additionally, it is necessary to know the limitations that the
present study: i) The use of the Scopus database and not to
consider the use of other bases like Web of Science and
Dimensions; ii) Consider the publications in the English
language instead of review all the spectrum of the
contributions in other languages; iii) Exclude diverse types of
documents by only considering articles. Finally, bibliometric
research allows vast knowledge through modern techniques in
a review of scientific literature.
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