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Societal and environmental importance of geological resources has to be fully considered, as well as their
relevance to national heritage conservation, tourism development, etc. Geological resources are usually
understood in the context of mineral extraction, energy production, and waste storage, but their sig-
nificance to the society is also linked to their heritage value. As geological resources constitute a part of
the natural heritage, they need conservation and sustainable exploitation. Evidently, mineral and
geological heritage (geoheritage) resources often co-occur. Production of raw material via extraction
from the interiors and subsequent processing determine certain heritage value. As a result, the combined
mining and geoheritage resource should be recognized. Such a resource can be exploited for the pur-
poses of mining and tourism. For instance, huge reserves and globally-important production of kaolin,
phosphate, and cement in Egypt determine the existence of the combined mineral and geoheritage
resources that can be doubly exploited (for mining and tourism) and conserved. Some sites relevant to
mining and processing of the noted raw materials are potential geoheritage sites (in Egypt, these include
the Kalabsha and El-Sebaiya quarries and the Medcom-Aswan cement factory). Management of mining-
related geoheritage is challenging, and disputes between different stakeholders are possible. Special
policy related to simultaneous exploitation and conservation of the combined mineral and geoheritage
resource has to be developed. In order to better evaluate the combined mineral and geoheritage resource,
it is recommended to link its potential to provisioning and recreational geosystem services analogous to
the similar ecosystem services.
© 2018 Chinese Institute of Environmental Engineering, Taiwan. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
1. Introduction

Geological resources are essential for the human well-being
because they provide raw materials for different industries, en-
ergy, space for waste storage, etc. These resources are chiefly
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limited, a fact which makes their rational extraction from the in-
teriors urgent. Anyway, mining, quarrying, well drilling, and related
activities disturb environment, and, as a result, the latter needs
protection from the anthropogenic negative influences; some ma-
terial resulting from the noted activities needs recycling, and many
areas hosting these activities need restoration. These issues are
well-known and the current mineral policy attempts to solve the
relevant problems (e.g., [1,2]). However, the understanding of the
geological environment has experienced significant change during
the two past decades. It has been realized that the geological re-
sources are not limited to the only mineral resources, but include
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also the vast category known as the geological heritage (geo-
heritage). The relevant ideas have been conceptualized, particu-
larly, byWimbledon [3], Henriques et al. [4], Thomas [5], and Ruban
[6].

Evidently, mineral resources and geoheritage resources inter-
sect at several points. For instance, quarrying for gravel and sand for
the need of the building industry may lead to the better exposure of
rocks and fossils at the quarrying site. Moreover, an operated
quarry itself may be a kind of geoheritage because of its huge size or
global importance of this site for the given raw material extraction.
In such a case, quarrying contributes to the heritage value of the
local geological environment. With regard to the above-said issues,
it appears to be irrational to separate mineral and geoheritage re-
sources, but the relevant ideas are scarce in the professional liter-
ature. The main objective of the present paper is, therefore, to
provide the first characteristics of the combined mineral and geo-
heritage resources of Egypt (a still developing, but fast-growing
country) where the co-occurrence of the two types of resources
has been recognized very recently [7]. Production of kaolin, phos-
phates, and cement in this country provides representative exam-
ples for the understanding of this new resource, which is necessary
for subsequent development of the relevant policy. Undoubtedly,
full-scale exploitation of each natural resource requires first its
recognition as something potentially important and general
description. This is why the present paper offers tentative frame-
work for further discussion.

2. Conceptual framework

First of all, some principal terms should be defined. Geoheritage
is the entity of unique (either very typical or, in contrast, very
peculiar) geological features on a given area. Uniqueness de-
termines the heritage value of the features, i.e., the societal
importance of their existence “as is”. Depending on the spatial
occurrence of the features of the same kind, the uniqueness may be
local, regional, national, and global, and, thus, four relevant ranks of
the geoheritage exist [8]. Geoheritage resource means the potential
of geoheritage to be used for scientific, educational, and tourism
(recreational) purposes. All geoheritage objects (first of all, in situ
objects, i.e., geosites, but also ex situ objects stored in museum
collections) can be assigned to geoheritage resource if their utility is
established and well-argued. The utility of such objects should be
professionally realized, i.e., evaluated, documented, and commu-
nicated to the circle of specialists, policy-makers, and the broad
public. Different objects have different utility, which is also deter-
mined by the degree of geoheritage uniqueness.

Mineral resources manifested as mineral (ore or non-ore) de-
posits are to be exploited (if economically reasonable), which
means extraction and subsequent processing of the precious
components. This activity requires regulation for sustainable
resource exploitation, minimization of negative environmental
impacts, and restoration. Geoheritage resources are both similar
and different. Their similarity to the mineral resources is linked to
balancing between the exploitation versus conservation concerns
(Fig. 1). Three main differences are as follows. First, geoheritage has
been recognized for the purposes of conservation (geoconservation)
[4,9]: unique geological features should be identified and
conserved properly as a specific kind of natural heritage for future
generations who should have chance to see them in the natural
state as sources of essential information about permanently
changing geological environment. Exploitation of geoheritage is an
important, but only second-order goal (if even this goal has become
more and more important recently). Second, exploitation of geo-
heritage resources may have different negative consequences for
these resources themselves and for the environment. This is linked
to outcrop oversampling, occasional damage by tourists, changes of
the aesthetic properties of geosites, tourism wasting, and envi-
ronmental disturbance because of surface cleaning, among others.
Various examples of geoheritage damage have been given (e.g.,
[10]). However, minimization of environmental impact of geo-
heritage resource exploitation should be differentiated from the
geoconservation, and the latter does not have evident analogues in
the mineral resource treatment. Third, the main form of geo-
heritage resource exploitation is not extraction (as in the case of the
mineral resource), but non-extractive use chiefly for tourism pur-
poses. Geotourism based on geosites, geoparks, and geological
landscapes taken alone or integrated with natural environment has
risen quickly since the mid-2000s [11,12]. This form of geoheritage
exploitation becomes more and more comparable in its intensity to
raw material extraction for industrial purposes.

The relationships between the mineral and geoheritage re-
sources are documented and discussed by some specialists [13e15].
However, the problem is two-folded. On the one hand, the mineral
and geoheritage resources may only co-occur at one place. For
instance, coal mining may result in better exposure of layers car-
rying fossil plants of unique preservation. On the other hand,
mining and quarrying themselves may contribute to geoheritage.
This occurs in four cases (at least), namely when 1) mine or quarry
are of interest because of their size or peculiar technologies, 2)
mine or quarry are important for the production of a given type of
raw material, 3) mine or quarry are of historical importance and
represent individual stage in geological exploration, and 4) mined
or quarried material is unique itself (rare ore, unusual deposit
genesis, outstanding deposit size, etc.). In all these cases, mining
resources do not simply co-occur with geoheritage resources, but
the former produces the latter. In other words, the unique features
and their value are determined by extraction and processing ac-
tivities. This is proposed to be called as combined mineral and
geoheritage resource (Fig. 1).

The combined mineral and geoheritage resource is a subject of
highly-complex activities (Fig. 1). These include exploitation for the
purposes of mining industry, science, education, and tourism.
Mining permanently contributes to the better functioning of the
resource for three other purposes. Geoconservation has to occur
together with minimization of negative environmental impacts of
the both mining and tourism. It appears geoconservation is able to
contribute to sustainable (rational) use of mineral resources via
establishment of additional regulative mechanisms for raw mate-
rial production. Generally, the balanced use of these resources is the
highest goal. In regard to tourism exploitation, this activity appears
to be also very complex. First, the combined mineral and geo-
heritage resource is interesting potentially to geotourists and some
other occasional visitors (e.g., eco-tourists). Second, the same
resource can be used efficiently for the purpose of industrial
tourism, which develops actively in the world [16,17]. The combi-
nation of the two forms of tourism contributes to diversification of
local tourism services, which is always favourable for attraction of
the great number of visitors. However, efficient regulation of the
combined mineral and geoheritage resource is necessary, and the
modern legal basis of such a regulation remains questionable [18]
and requires normalization.

Generally, combined mineral and geoheritage resources are
worth recognizing to judge about premises for simultaneous
exploitation and conservation of geological environment. Mining
and geotourism taken alone are profitable, but geotourism
enhanced by mining appears to be even more efficient. Similarly,
minimization of negative environmental impact of extractive ac-
tivity can be coupled successfully with additional geoconservation
practices for more sustainable exploitation. Tourism development
at mining sites can facilitate creation and promotion of brands of



Fig. 1. Conceptual idea of combined mineral and geoheritage resources.
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mining companies, as well as better public awareness of a partic-
ular resource as a kind of national treasure. Moreover, geo-
conservation and geotourism can be developed jointly since the
stage of mineral deposit exploitation permit to solve problems links
to subsequent closure of a given mine or quarry and following
restoration of local environment. The already enabled conservation
mechanisms would permit to achieve these tasks in a more sus-
tainable form, and the use of a site for the purposes of tourism (with
already realized promotion among possible visitors and already
built infrastructure) would also permit to avoid site abandonment,
environmental degradation and pollution, and uncontrolled evo-
lution. Moreover, the already developed geotourism would reduce
costs linked to closure of a mining site because of earlier
investments.

The most difficult issue linked to the combined mineral and
geoheritage resource is expected scepticism of representatives of
mining companies and, particularly, mining engineers. However,
geoheritage always remains at the centre of intersection of interests
and multiple stakeholders. Standard approaches of environmental
dispute resolution can help in this case. The intervention of
municipal, regional, and national governmental authorities and
specialized environmental agencies can also help. It should be
realized and broadly explained that mineral resources exploitation
is a dynamic process that becomes less economically profitable or
even stops together with extraction of more andmore rawmaterial.
Tourism initiatives based on exploitation of co-existing geoheritage
resources can cover (at least partly) such losses, i.e., these provide
sustainable economical activity. Moreover, these may reduce losses
linked to necessity of restoration of closed quarries and mines
because this mining infrastructure remains valuable to geotourists.
In the other way, exploitation of the discussed combined resource
permits diversification of economic activities and relevant incomes
of mining companies that permits to reduce risks (even if only
slightly) on the enterprise level.

3. Methodology

Several representative examples of combined mineral and
geoheritage resources can be found in Egypt. This country is char-
acterized by rich mineral and, particularly, non-ore resources
[19,20]. The diverse geological setting of this country reflecting its
evolution during four billion of years determines outstanding
richness of the national geoheritage.
The examples considered in this paper are linked to kaolin,
phosphate, and cement production in Egypt (these directions are
important in the mining economy of this country). The basic in-
formation on kaolin production in Egypt is taken from USGS [20],
BGS [21], and Baioumy [22]. The data on phosphate production are
taken from BGS [19], USGS [20], and Pestitschek et al. [23]. Finally,
the information on cement production is taken from USGS [20] and
CemNet [24]. In all cases, geographical distribution of the main
production areas, production dynamics for the period of
1970e2017, and the global ranking of the national industry are
considered. Moreover, the authors refer to some operated quarries
and factories that have been visited in the course of field geo-
heritage studies.

This study is aimed at first assessment of combined mineral and
geoheritage resources related to kaolin, phosphate, and cement
production in Egypt. This means that the presence of these re-
sources should be documented, its importance demonstrated, and
the sites at which this resource is available indicated. The meth-
odology employed refers to the conceptual considerations given
above. The available statistical information is used to describe
kaolin, phosphate, and cement production in Egypt and to prove its
uniqueness. The latter is possible via argumentation of that the
production of the noted raw materials and extraction sites is
valuable in the terms of geoheritage. Then, exploitation potential of
the combined mineral and geoheritage resources related to kaolin,
phosphate, and cement production is interpreted. In this case, both
utility for tourism development and conservation issues are
considered. Mining/processing sites used as examples of the
established geoheritage are selected with two criteria. First, this
should be really representative sites, i.e., localities demonstrating a
given resource with geoheritage value. Second, these sites should
be restricted in space, i.e., these should correspond to any given
quarry, mine, or factory.

4. Results

4.1. Resource assessment

4.1.1. General statistics of raw material production
Kaolin is a white clay mineral that is used for production of

paper, ceramic, plastic, as well as in pharmacology and nanotech-
nology industries. Egypt has very significant reserves of kaolin in
three main areas [22,25], and it is one of the main world producers
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of this rawmaterial (Fig. 2). Despite certain fluctuations, production
of this raw material in Egypt has risen during 45 years. The
Kalabsha quarry is a representative kaolin extraction site of Egypt.

Phosphate rocks (phosphorites) are used for production of fer-
tilizers and some food (stabilizers, preservatives, or taste in-
tensifiers in meat bread and farinaceous food). These rocks are
mined in the central and eastern parts of Egypt [23]. The phosphate
production has increased substantially in Egypt during past two
decades to make this country one of the world leading phosphate
producers (Fig. 3). The El-Sebaiya quarry is one of the most
important and, thus, representative phosphate extraction sites in
Egypt.

Cement is a vital material for the construction industry and the
production of which requires extensive exploitation of specific
limestone formations with the content of CaCO3 of no less than 75%
and low content of Mg compounds. Such formations crop out
widely in Egypt, which facilitates growth of the cement production
industry. Cement companies are located in large cities, along the
Nile Valley, and in some other places of the country (Fig. 4). The
relevant limestone quarrying is very active. At present, Egypt is one
of significant contributors to the world cement production (Fig. 4).
The amount of cement produced in Egypt has increased instantly
during the past 45 years; acceleration in its production took place
twice, namely in the late 1980s and the late 2000s. The Medcom-
Aswan cement factory is a typical example of cement production
sites in Egypt.

4.1.2. Geoheritage recognition
Kaolin, phosphorites, and limestones used for cement produc-

tion are interesting from the purely geological point of view,
although their uniqueness differs depending on their appearance
on a given area. Kaolin and phosphate rocks are relatively rare in
the world geological environment, a fact of which increases geo-
heritage value of their occurrence in Egypt. Additionally, aesthetic
properties of kaolin (white colour e Fig. 2) make it attractive to
possible visitors, which also contribute to geoheritage value.

Mining/processing sites of the noted raw materials constitute
the geoheritage of Egypt. Twomain lines of evidence are as follows.
Fig. 2. Summary factsheet of the
First, these sites provide representative examples of the national
scale of the relevant geological phenomena. Second, the large re-
serves of kaolin, phosphorites, and cement limestones and their
global importance (Figs. 2e4; see also above) indicate their
uniqueness [7]. For instance, the strikingly growing phosphate
production in Egypt (Fig. 3) implies the outstanding geoheritage
value of the El-Sebaiya phosphorite quarry because of exceptional
contribution of the relevant resource exploitation to the noted
growth and the global phosphate production. Therefore, the very
importance of the mineral resources and their excessive exploita-
tion increases the value of the relevant geological features as geo-
heritage resources. If so, it is sensible to conclude about the
existence of the combined mining and geoheritage resources in
Egypt. These resources are accessible, particularly, at the Kalabsha
kaolin quarry (Fig. 2), the El-Sebaiya phosphate mining site (Fig. 3),
and the Medcom-Aswan cement factory (Fig. 4).

4.2. Exploitation issues

4.2.1. Heritage and tourism issues
The kaolin, phosphate, and cement limestone resources of Egypt

can be exploited simultaneously for the purposes of raw material
production (the latter takes place already) and tourism, and the
development of the former facilitates the potential of the latter. The
joint development of geological and industrial tourism may in-
crease income from the exploitation of the resource. Similarly
important is its contribution to the sustainable development.
Guidance of excursions, maintenance of tourism infrastructure, and
some other relevant activities require human resources, which
mean creation of new jobs and better nature-oriented education of
the local communities. Indeed, the only specialists and geotourists
with certain professional knowledge may realize the importance of
kaolin or phosphate rocks exposed outside of mining sites. In
contrast, mining/processing sites seem to be considerably more
valuable because of four main reasons. First, societal importance of
kaolin, phosphate rocks, and cement limestones is themost evident
there (operation of a quarry or mine highlights the existing demand
for the resource in the public perception). Second, these geological
kaolin production in Egypt.



Fig. 3. Summary factsheet of the phosphate production in Egypt.

Fig. 4. Summary factsheet of the cement production in Egypt.
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features are available at mining/processing sites in the “concen-
trated” form and can be understood comprehensively. Third, min-
ing makes these features well visible and perfectly accessible.
Fourth, professionals may be interested in specific features of the
mineral or rock genesis that made possible this deposit to appear.
For instance, a visit to the El-Sebayia phosphorite quarry in Upper
Egypt (Fig. 3) permits to realize the necessity of this resource to the
national economy of Egypt and the export to the other countries.
Moreover, the characteristic properties of this rock can be under-
stood in the field. The Kalabsha kaolin quarry in southern Egypt
exhibits a representative sequence of kaolin deposits, where visi-
tors can learn about the character of this important resource and
scientists can investigate the origin of this unusual deposit (Fig. 2).

The geoheritage value and tourism potential of selected cement
factories located in Egypt (e.g., the Medcom-Aswan factorye Fig. 4)
become evident after comparison with some experience in other
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countries. At least, four examples are known worldwide (Table 1).
All represent the combined mineral and geoheritage resource
because of three reasons. First, these are sites at which the specific
carbonate raw material was exploited for cement production.
Second, these sites played a significant role in the development of
the cement industry (on local, regional, or national levels). Third,
unique geological features can be visited at some of these sites or in
their vicinities. At present, this resource is exploited actively and
successfully for the purposes of tourism. The modern cement fac-
tories in Egypt are definitely of the same importance with regard to
the rise of the cement industry in this country (Fig. 4). These are
relevant not only to the natural resources for cement production,
but also to the geoheritage.
4.2.2. Conservation and environmental issues
Recognition of the combined mineral and geoheritage resources

in Egypt should contribute to the better conservation of the
geological environment. Quarrying for kaolin, phosphorites, and
cement limestones aims at their maximum extraction. This is
especially urgent because of the evident growth of the relevant raw
materials production in Egypt (Figs. 2e4). Such an extensive
extraction leads to significant anthropogenic pressure on the
environment near mining/processing sites. However, the recogni-
tion of the heritage value of the same resource means that it needs
conservation, i.e., some “pieces” of the kaolin, phosphorite, and
cement limestone deposits represented at the mining sites should
remain to serve as sources of information about these deposits and
the relevant geological features. Importantly, this occurs not
because quarrying results in discovery of some unique geological
features, but because operation of quarries itself increases the
uniqueness of the sites. Therefore, the exploitation of the mining
sites in Egypt has to be more balanced to allow the above-
mentioned geoconservation without any serious interruption of
the extraction activities. Moreover, the employment of mining sites
for the purposes of tourism (particularly, geotourism and industrial
tourism) requires adequate conservation practices to provide the
comfortable and safe environment for visitors.

The establishment of the combined mineral and geoheritage
resources linked to the kaolin, phosphate, and cement production
in Egypt creates important premises for more efficient exploitation
and conservation of these resources. Indeed, further actions based
on these premises requires development and implementation
some legal mechanisms of regulation similarly to how this is done
in some European countries [18,26]. However, the first stage in this
direction is designation of geosites for the doubly exploitation and
geoconservation. Among these are two geosites in southern Egypt
proposed by Sallam et al. [7], namely the Kalabsha kaolin quarry
(Fig. 2) and the site of the Medcom-Aswan cement factory (Fig. 4)
Table 1
Examples of heritage-related tourism activities at cement factories.

Site Location Essence

Qixin cement
industrial museum

Tangshan, China First cement industry m
basis of the closed facto

Maceira-Liz plant
Cement Museum

Maceira, Portugal History of the local cem
Leiria Cement Company;
archaeological, and geol
explained.

Atlas Cement
Company Museum

Northampton, USA History of the cement in
cement supply to the m
Panama Canal and the E

Asland Cement
Museum

Castellar de n'Hug,
Spain

History of the first ceme
(now closed) and its mo
geological features can b
where geotourism coupled with industrial tourism may develop
together with mining or processing of the raw material, as well as
some geoconservation activities. The other potential geosite is the
El-Sebaiya phosphorite quarry in central Egypt (Fig. 3), which is
very representative with regard to phosphate rocks and their in-
dustrial importance.
5. Discussion

5.1. Policy implications

Recognition of the combined mineral and geoheritage resources
linked to the kaolin, phosphate, and cement production in Egypt
and realization of possibilities for their exploitation and conserva-
tion require development of the relevant policy on the national
level. Various problems linked such a policy in different countries
were discussed by several investigators [18,26,27]. Two funda-
mental issues are as follows. First, a legal basis for geoheritage
management is necessary. Second, mechanisms for this manage-
ment should be established.

The Egyptian legislation permits establishment of nature pro-
tectorates and some other protected areas. This possibility can be
used principally for the purposes of geoheritage management like
in the cases of the Wadi El-Hitan in the Faiyum Oasis [28] and the
Abu Roash area [29]. However, the status of natural protectorate
does not help to realize the essence of geoheritage and its differ-
ence from the other natural heritage. Moreover, this status pre-
scribes strict protection, but not balanced management that is
necessary at operating extraction/production sites. Most probably,
preparation and subsequent approval of special legal acts focussing
on geoheritage and its specific features are necessary. The experi-
ence of Russia where such an act was approved about two decades
ago shows this task can be realized easily (see also in Ref. [18]).

The mechanisms of geoheritage management can be preoccu-
pied from the practice of conservation of natural and archaeological
sites in Egypt, but only partly. It should be underlined that com-
bined mineral and geoheritage resources have counterparts
matching interests of different stakeholders, i.e., industry, geo-
conservation, and geotourism. These interests evidently intersect
and may be often conflicting. For instance, as the production of
kaolin, phosphorites, and cement rises and leads Egypt to the world
leading positions (Figs. 2e4), the owners and engineers of mining
enterprises, as well as the government may be disinterested in
involvement of extraction/production sites into geoconservation
and geotourism programs. However, the same reason determines
high geoheritage importance of these sites and stimulates interest
of potential administrators of these programs. This is why new
mechanisms (both political and economical) for efficient
URL
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negotiation between stakeholders should be invented and enabled.
Moreover, exploitation of operating quarries and mines, as well as
factories raises safety issue. The latter should be addressed
adequately to provide safe excursions and to avoid occasional in-
terruptions in the work of mining industry.

Generally, the establishment of the combined mineral and
geoheritage resources in Egypt is the only first step toward their
simultaneous and mutually benefiting conservation and double
exploitation (Fig. 1). Broad consultation of experts representing
governmental (national, provincial, and local) authorities, geo-
tourism and geoconservation community, and mining industry is
necessary for the development of optimal strategy and further
adoption of legal acts and practices. However, the very establish-
ment of the discussed resources should facilitate this movement.
And, thus, a minimal policy requirement for now is establishment
of a national-scale framework (e.g., governmentally-supported
research projects) for assessment of the combined mineral and
geoheritage resources. At least, these are new resources that can
contribute potentially to the sustainable development in Egypt, and,
thus, the knowledge of them matches the national interests.

5.2. Perspectives from geosystem services approach

The combined mineral and geoheritage resource needs to be
valued for a better understanding of its true socio-economic
importance. In doing this, it is sensible to implement the
approach analogous to ecosystem services used widely in the
ecological economics and environmental policy-making. The idea
of ecosystem services was developed by others [30e36]. It is
applied broadly in case studies and for practical solutions. Thewell-
known summary of this idea was published in Millennium
Ecosystem Assessment [37]. Generally, the ecosystem services
indicate the ways by which the natural capital contributes to the
human well-being through the interaction with the built, human,
and social capitals [33]. Recognition of these services and their
economic valuation offer understanding of the full value of the
particular ecosystems and the income from their functioning.
Fig. 5. Combined mineral and geoheritage res
Ecosystems (sensu stricto) occur near (on, above, and below) the
Earth's surface and these are related to the living nature. In such a
case, it is difficult (if possible) to relate their services to the com-
bined mineral and geoheritage resource, which is linked chiefly to
the abiotic world of the planetary interiors. However, the geological
environment can be imagined as the entity of geosystems; the
functioning of which can be analyzed through the services
approach. The given combined mineral and geoheritage resource
can be considered as a particular geosystem (Fig. 5). Evidently,
geosystem services (this termwas discussed in-depth by Van Ree and
van Beukering [38]) can be classified similarly to ecosystem services
[37] to include the supporting, provisioning, regulating, and cultural
categories. The mineral resource offers the only provisioning service
of raw materials production. In contrast, the geoheritage resource
offers the cultural services, namely the scientific, educational, and
recreational services (see also conceptual developments by Gray
[39]). In such a case, the combined resource offers two categories of
services (Fig. 5). This means that this resource is not only more
valuable, but also offers more diverse and more complex in-
teractions between the natural, built, human, and social capitals on
the local, regional, and national levels. Different views of the
ecosystem services discussed recently by Hermelingmeier and
Nicholas [35] seem to be also plausible to the geosystem services of
the combined mineral and geoheritage resource (Table 2).

The idea of geosystem services applied to the combined mineral
and geoheritage resources permits detection of some complex re-
lationships and feedbacks. For instance, the exploitation of the
Egyptian phosphate resources (and, first of all, the El-Sebaiya
mining site) facilitates the phosphate export and the domestic
production of fertilizers. The subsequent use of these fertilizers in
the national agriculture increases productivity, i.e., enhances the
provisioning service of Egyptian ecosystems. The geoconservation
activities that should follow establishment of the heritage value of
the discussed resource will contribute to minimization of the
negative anthropogenic impact of phosphorite mining that is
necessary to support the sustainable functioning of the local
ecosystems.
ources in the context of natural services.



Table 2
Combined mineral and geoheritage resources in the light of geosystem services.

Perspectives on ecosystem services [35]
adapted to geosystem services

Geosystem services provided by combined mineral and geoheritage resources

Provisioning Cultural

Non-economic utilitarian Environmental impact of raw
material extraction and processing

Environmental importance of mining balanced with conservation, post-
mining restoration, nature-based education

Critical idealist Value of mineral resource Additional values from tourism development
Anti-utilitarian Heritage context of mining Social importance of joint resource exploitation and cultural activities
Methodologist Algorithms for resource evaluation Algorithms for description and evaluation of scientific, educational, and

recreational activities at mining sites
Moderate economist Rational resource exploitation Complexity of resource exploitation
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6. Conclusions

The analysis of the co-occurrence of mining and geoheritage
permits making four general conclusions:

1) the establishment of the combined mineral and geoheritage
resource creates strong premises for its simultaneously efficient
exploitation for the purposes of mining industry on one side and
tourism and geoconservation on the other side;

2) the combined mineral and geoheritage resources of Egypt are
linked, particularly, to the kaolin, phosphate, and cement pro-
duction in this country;

3) a special policy related to this specific resource management
(first of all, for resolution of disputes between different stake-
holders) has to be developed;

4) it is possible to implement the geosystem services approach (by
analogy to ecosystem services) to examination of the combined
mineral and geoheritage resource.

The authors understand that their considerations are tentative
and provocative in somewhat. And, thus, they welcome critical
comments of the other specialists that can initiate broad discussion
on the combined mineral and geoheritage resources.
Acknowledgements

The authors gratefully thank the journal editor and the both,
anonymous reviewers for their recommendations and support, as
well as R. Costanza (USA), T. Hose (UK), W. Riegraf (Germany), and
many other colleagues for help with literature and/or discussions.
References

[1] Tiess G. Minerals policy in Europe: some recent developments. Resour Policy
2010;35:190e8.

[2] Tiess G. General and International Mineral Policy. Focus: Europe. M€orlenbach,
Germany: Springer; 2011.

[3] Wimbledon WAP. Geosites e a new conservation initiative. Episodes 1996;19:
87e8.

[4] Henriques MH, dos Reis RP, Brilha J, Mota T. Geoconservation as an emerging
geoscience. Geoheritage 2011;3:117e28.

[5] Thomas MF. New keywords in the geosciences e some conceptual and sci-
entific issues. Rev Inst Geol 2016;37:1e12.

[6] Ruban DA. Geodiversity as a precious national resource: a note on the role of
geoparks. Resour Policy 2017;53:103e8.

[7] Sallam ES, Ponedelnik AA, Tiess GI, Yashalova NN, Ruban DA. The geological
heritage of the Kurkur-Dungul area in southern Egypt. J Afr Earth Sci
2018;137:103e15.

[8] Ruban DA. Quantification of geodiversity and its loss. Proc Geologist Assoc
2010;121:326e33.

[9] Prosser CD. Our rich and varied geoconservation portfolio: the foundation for
the future. Proc Geologist Assoc 2013;124:568e80.

[10] Seng€or AMC, Lom N. Stop ruining Turkey's geological heritage. Nature
2017;547:32.

[11] Dowling RK. Geotourism's global growth. Geoheritage 2011;3:1e13.
[12] Ruban DA. Geotourism e a geographical review of the literature. Tour Manage
Perspect 2015;15:1e15.

[13] Prosser CD. Geoconservation, quarrying and mining: opportunities and chal-
lenges illustrated through working in partnership with the mineral extraction
industry in England. Geoheritage 2018;10:259e70.

[14] Głogowska M. A geological education route across post-mining areas of the
Trzebinia commune. Pol Geol Inst Special Pap 2005;17:22e7.

[15] Pereira D, Tourneur F, Bernaldez L, Blazquez AG. Petit Granit: a Belgian
limestone used in heritage, construction and sculpture. Episodes 2015;38:
85e90.

[16] Jonsen-Verbeke M. Industrial heritage: a nexus for sustainable tourism
development. Tourism Geogr 1999;1:70e85.

[17] Duran SG. Urban and industrial tourism in the “post-industrial” periphery:
imaginaries and narratives of the inhabitants of the Left Bank of the river
Nervion in metropolitan Bilbao. Scr Nova 2017;21:1e27.

[18] Tiess G, Ruban DA. Geological heritage and mining legislation: a brief con-
ceptual assessment of the principal legal acts of selected EU countries. Proc
Geologist Assoc 2013;124:411e6.

[19] BGS. World Mineral Statistics Data. Nottingham, UK: British Geological Sur-
vey; 2017.

[20] USGS. Mineral Commodity Summaries 2017. Reston, VA: United States
Geological Survey; 2017.

[21] BGS. World Mineral Production 2011e15. Nottingham, UK: British Geological
Survey; 2018.

[22] Baioumy H. Provenance of sedimentary kaolin deposits in Egypt: evidences
from the Pb, Sr and Nd isotopes. J Afr Earth Sci 2014;100:532e40.

[23] Pestitschek B, Gier S, Essa M, Kurzweil H. Effects of weathering on glauconite:
evidence from the Abu Tartur plateau, Egypt. Clay Clay Miner 2012;60:76e88.

[24] CemNet. Cement Plants Located in Egypt. Surrey, UK: Cemnet.com; 2017.
[25] Abdel-Khalek NA. The Egyptian kaolin: an outlook in the view of the new

climate of investment. Appl Clay Sci 1999;15:325e36.
[26] Wimbledon WAP, Smith-Meyer S, editors. Geoheritage in Europe and its

Conservation. Oslo, Norway: ProGEO; 2012.
[27] Cairncross B. TheNational Heritage Resource Act (1999): can legislation protect

South Africa's rare geoheritage resources? Resour Policy 2011;36:204e13.
[28] Sallam ES, Fathy EE, Ruban DA, Ponedelnik AA, Yashalova NN. Geological

heritage diversity in the Faiyum Oasis (Egypt): a comprehensive assessment.
J Afr Earth Sci 2018;140:212e24.

[29] AbdelMaksoud KM, Al-Metwaly WM, Ruban DA, Yashalova NN. Geological
heritage under strong urbanization pressure: El-Mokattam and Abu Roash as
examples from Cairo, Egypt. J Afr Earth Sci 2018;141:86e93.

[30] Westman WE. How much are nature's services worth? Science 1977;197:
960e4.

[31] Daily GC. Nature's Services: Societal Dependence on Natural Ecosystems.
Washington, DC: Island Press; 1997.

[32] Costanza R, d'Arge R, de Groot R, Farber S, Grasso M, Hannon B, et al. The value
of the world's ecosystem services and natural capital. Nature 1997;387:
253e60.

[33] Costanza R, de Groot R, Braat L, Kubiszewski I, Fioramonti L, Sutton P, et al.
Twenty years of ecosystem services: how far have we come and how far do
we still need to go? Ecosyst Serv 2017;28:1e16.

[34] Geijzendorffer IR, Cohen-Shacham E, Cord AF, Cramer W, Guerra C, Martin-
Lopez B. Ecosystem services in global sustainability policies. Environ Sci Policy
2017;74:40e8.

[35] Hermelingmeier V, Nicholas KA. Identifying five different perspectives on the
ecosystem services concept using Q methodology. Ecol Econ 2017;136:
255e65.

[36] Steger C, Hirsch S, Evers C, Branoff B, Petrova M, Nielsen-Pincus M, et al.
Ecosystem services as boundary objects for transdisciplinary collaboration.
Ecol Econ 2018;143:153e60.

[37] Sarukh�an J, Whyte A, editors. Ecosystems and Human Well-being: Synthesis.
Washington, DC: Island Press; 2005.

[38] Van Ree CCDF, van Beukering PJH. Geosystem services: a concept in support of
sustainable development of the subsurface. Ecosyst Serv 2016;20:30e6.

[39] Gray M. Valuing geodiversity in an 'ecosystem services' context. Scot Geogr J
2012;128:177e94.

http://refhub.elsevier.com/S2468-2039(18)30186-9/sref1
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref1
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref1
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref2
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref2
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref2
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref3
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref3
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref3
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref3
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref4
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref4
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref4
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref5
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref5
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref5
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref5
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref6
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref6
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref6
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref7
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref7
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref7
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref7
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref8
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref8
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref8
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref9
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref9
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref9
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref10
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref10
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref10
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref11
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref11
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref12
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref12
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref12
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref12
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref13
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref13
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref13
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref13
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref14
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref14
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref14
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref15
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref15
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref15
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref15
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref16
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref16
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref16
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref17
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref17
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref17
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref17
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref18
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref18
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref18
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref18
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref19
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref19
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref20
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref20
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref21
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref21
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref21
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref22
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref22
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref22
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref23
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref23
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref23
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref24
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref25
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref25
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref25
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref26
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref26
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref27
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref27
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref27
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref28
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref28
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref28
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref28
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref29
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref29
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref29
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref29
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref30
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref30
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref30
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref31
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref31
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref32
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref32
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref32
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref32
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref33
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref33
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref33
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref33
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref34
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref34
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref34
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref34
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref35
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref35
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref35
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref35
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref36
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref36
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref36
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref36
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref37
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref37
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref37
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref38
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref38
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref38
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref39
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref39
http://refhub.elsevier.com/S2468-2039(18)30186-9/sref39

	Combined mineral and geoheritage resources related to kaolin, phosphate, and cement production in Egypt: Conceptualization, ...
	1. Introduction
	2. Conceptual framework
	3. Methodology
	4. Results
	4.1. Resource assessment
	4.1.1. General statistics of raw material production
	4.1.2. Geoheritage recognition

	4.2. Exploitation issues
	4.2.1. Heritage and tourism issues
	4.2.2. Conservation and environmental issues


	5. Discussion
	5.1. Policy implications
	5.2. Perspectives from geosystem services approach

	6. Conclusions
	Acknowledgements
	References


