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3.2 The environnemental impacts 
 
In the Republic of Guinea, environmental considerations 
have gained increasing importance since the UN 
Conference on Environment and Development 
(UNCED) of 1992. Issues of environmental protection in 
Guinea are still at the stage of speeches and laws 
elaborations. However, the degradation and pollution 
caused by the uncontrolled deposits exploitation and 
metal processing greatly affect natural environment (Fig. 
8). Major environmental impacts of mining occur in 
RUSAL Fria (first alumina refining company in Africa) 
are: threats from bauxite mining and processing in 
ecologically-sensitive area, and water contamination by 
the discharge of effluents which contain toxic chemicals.  
SMD produces large amounts of gold per year. Since the 
start of operations, environmental impact is on health 
effects from exposure to mercury and cyanide (for gold 
miners).  

Both of RUSAL Fria and SMD are known for the 
obsolescence of its installations. These polluting 
companies have their factories which are no 
modernization technically, even at the level of treatment 
processes. 
 

 
 

Figure 8. Pollution from RUSAL and SMD 

 
4  Conclusion 
 
The contribution of mining revenues to the socio-
economic development of the Republic of Guinea 
remains very low despite huge reserves and others 
deposits present in Guinea. Even social and 
environmental impacts also occur more and more since 
there is no effective scientific organization for the 
monitoring of mining companies in their mineral 
processing. 
 
Acknowledgements 
 

Thanks to Soh Tamehe L (University of Yaounde I, 
Cameroon) for suggestions and English language 
improvement. 
 
References 
 
Anonymous (1998) Guinea: Mining Potential. CPDM (Centre of 

Mining Promotion and Development), Ministère des Mines, de 
la Géologie et de l᾽Environnement (MMGE), 1-16; Conakry. 
Rapport annuel 2014 du ministère des mines et de la géologie 
de la République de Guinée 

Manedov  (2004) Banque de données  du potentiel minier de la 
République de Guinée 

Rapport annuel du Ministère de l’Environnement  (2000-2014) 
Schluter T (2008) Geological Atlas of Africa with Notes on 

Stratigraphy, Tectonics, Economic Geology, Geohazards, 
Geosites and Geoscientific Education of Each Country With 
contributions by Martin H. Trauth. 2nd four-coloured revised 
and enlarged edn. Springer-Verlag Berlin Heidelberg, pp 128-
130 

 
  
 

Technosols of Mining and Quarrying Areas: Toward 
Multifunctionality 
 
Sophie Leguédois 
INRA, LSE, UMR 1120, Vandœuvre-lès-Nancy, F-54505, France. 
 
Françoise Watteau 
CNRS, UMS 3562, Vandœuvre-lès-Nancy, F-54501, France. 
 
Apolline Auclerc, Jean Louis Morel, Christophe Schwartz, Geoffroy Séré, Guillaume Echevarria 
Université de Lorraine, LSE, UMR 1120, Vandœuvre-lès-Nancy, F-54505, France. 
 
 
Abstract. The soils of mining and quarrying areas, 
characterised as Technosols, are deeply modified soils. 
The intense degradation they are subject to has altered 
their capacity to support ecosystem services. However 
rehabilitation issues are now considering the multi-
functionality of mining and quarrying Technosols, i.e. their 
capacity to provide altogether several ecosystem 
services. Integrated rehabilitation techniques encom-
passing physical, chemical and ecological aspects are 
now being designed to ensure sustainable multifunctional 
soils in mining and quarrying areas. The aim of this 
position paper is to assess the multifunctional potential of 
Technosols of those areas and, thus, to determine its 
implications for the establishment of rehabilitation 
schemes. 
 
Keywords. Ecosystem services, SUITMAs, rehabilitation. 
 
1 Introduction 
 
With the rising of anthropogenic pressures on the Earth 
system, many natural resources are going toward 
shortage and planetary boundaries are being threatened 
or even transgressed (Rockström et al. 2009). Soil is one 
key natural capital which supports critical ecosystem 
services but has often been overlooked (Breure et al 
2012, Dominati et al. 2010). Today, sustainable soil 
management is needed to meet the environmental 
challenges of our era (Lal 2009). 

Soils of Urban, Industrial, Traffic, Mining and 
Military Areas or SUITMAs are among the essential 
soils to manage as they represent increasing land 
surfaces (EEA 2010) and are expected to support a wide 
variety of ecosystem services like regulating, 
provisioning and cultural services (Morel et al. 2014). 
SUITMAs are mainly “soils dominated or strongly 
influenced by human-made material” called Technosols 
(IUSS 2014). 

As for agricultural soils (Kibblewhite et al. 2008), 
sustainable management of Technosols should integrate 
their potential multi-functionality, i.e. their capacity to 
provide altogether several ecosystem services. Steps 
toward the integration of multi-functionality for the 
management of urban Technosols have been made 
(Morel et al. 2014). However such a work is still needed 
for Technosols of mining and quarrying areas whereas 
they represent large areas and are subject of major 
environmental disturbances (Echevarria et al. 2015). 

Thus, the aim of this position paper is to assess the 
multifunctional potential of Technosols of the mining 

and quarrying areas and, thus, to determine its 
implications in rehabilitation schemes. 
 
2 Technosols of mining and quarrying 

areas: from degradation to rehabilitation 
 
2.1 Characteristics of Technosols right after 

mining and quarrying 
 
In this paper, we first examine the characteristics of 
Technosols left after the mining and the quarrying 
activities. In a detailled litterature review, briefly 
summarised here, we identify the various mining and 
quarrying processes, their consequences on soil 
chemical, physical, and biological properties, and, lastly, 
their impact on supported ecosystem services. 

Mining and quarrying can be the source of large-
scale ecosystem degradation. For example, mining for 
strategic metals often implies contamination of surface 
environments with hazardous trace metals or metalloids. 
Mining of sulphide minerals induces soil acidification as 
well as trace metal transfers. Opencast coal mining and 
aggregate quarries do not have such an acute 
geochemical impact on the environment, but they 
strongly modify the geochemical cycles, the agro-
ecosystems, the geomorpholgy and the landscapes. Deep 
mining also produces larges quantities of spoils and 
tailings, which cover huge surfaces. 

In consequence, mining and quarrying activities 
generally generates degraded Technosols with low 
carbon content, very low pH, very high bulk densities, 
coarse or fine textures, and low nutrient contents in 
comparison with initial soils. Such changes induce a 
dramatic alteration of the supported ecosystem services 
and rehabilitation is needed to enhance the multi-
functionality of the soils of those areas. 
 
2.2 Rehabilitation issues 
 
Concerns about the rehabilitation of mining and 
quarrying sites have emerged as early as the begin of the 
20th century (Plass, 2000). The rehabilitation efforts first 
focused on a return of the minesoils to a productive use 
(e.g. wood, agriculture) and then on environmental 
quality (e.g. spoil toxicity, water quality). Issues were 
pointed by the public, the politicians, the scientists and 
the mining industry. Now, regulations have emerged 
worldwide to limit adverse effects of mining activities 
and to define rehabilitation strategies and goals. Thus, 
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according to changing regulations and emerging social 
demand, the way degraded land and mine wastes were 
handled has changed with time (Plass 2000, Schulz 
1996). Some mining companies are now implementing 
real sustainable strategies for mined land reclamation 
(Toy and Griffith 2001). 

An increasing number of ecosystem services are now 
considered when establishing a rehabilitation scheme. At 
first, mine Technosols are engineered to render local 
ecosystem services, which include: food and non-food 
biomass production, geotechnical stability, soil erosion 
and runoff control, groundwater level and quality, 
landscape and cultural services. Furthermore, they must 
ensure that no geochemical contamination of adjacent 
environments occurs: air (dust emissions), water 
(particulate and soluble contaminant transfer) and biota 
(soil-plant or soil-animal transfer). Finally, more global 
goals, such as carbon sequestration or the preservation of 
endemic species can even be set for rehabilitated mined 
Technosols. 

Multi-functionality is thus today a common goal for 
soil rehabilitation in mining and quarrying areas. 
 
2.2 Rehabilitation techniques 
 
One of the most important steps of land reclamation is 
landscaping the site by implementing new vegetation 
covers and create a surface water flow network. 
Technosols are therefore created at large scales in post-
mining sites. The first purpose of landscaping mined 
areas was to properly handle geotechnical risks. Sloping 
spoil heaps and dumps is basically intended to avoid 
dump collapse, to provide stability over time and to 
avoid excess water runoff. For this purpose, rock 
stability, porosity, density, hardness, rainfall are among 
the main criteria taken into account for designing 
landscapes, sloping spoil or tailing dumps.  

Designing new soil covers for landscape issues has 
emerged in the last decades. As an example, it became a 
legal standard and requirement for coal mining in the 
Ruhr area (Germany) in 1985 or in 1982 in Spain. A 
holistic approach started to be needed and land 
reclamation plans for ecological and landscape purposes 
became a requisite for post-mining rehabilitation. 
Consideration of the integration of the geomorphology 
of dumps with surrounding landscapes, the composition 
of the vegetation, the future land use (secondary natural 
sites, forests, agricultural areas, urbanised or industrial 
areas), and the need for infrastructures became of high 
importance in the landscaping process. 

Soil construction and amendment are more often 
used to ensure a sustainable rehabilitated ecosystems. As 
for other engineered soils, the construction of Technosols 
follows some basic rules in order to make them fulfil 
essential ecological and environmental functions (Séré et 
al. 2008). Basically, as the raw materials (spoils, stripped 
soils, tailings) are the main geochemical driving forces 
of the system a careful characterisation, including 
physical, chemical and biological properties, is required 
prior to soil construction. Assessment of the re-
colonisation of soil biota is also a critical feature to 
assess in order to design sustainable rehabilitated system 
(Frouz 2013). 

Numerous techniques have been developed and 
tested over the years to integrate a wider variety of 
ecosystem services in the rehabilitation of mining and 
quarrying Technosols. Mid-term surveys point the 
importance of integrating the rehabilitation goals and 
techniques right at the beginning of the mining or 
quarrying operations in order to preserve the physical, 
chemical and ecological properties of the raw materials 
that are used for soil reclamation. 
 
3 Conclusion 
 
From degraded soils, Technosols of mining and 
quarrying areas are now more often expected to be 
multifunctional and support a wide range of ecosystem 
services. Relevant rehabilitation techniques have been 
designed to enable this multi-functionality but they have 
to be integrated right at the beginning of the mining or 
quarrying operations to be successful. 
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Abstract. Our future use of the subsurface, particularly 
for energy (subsurface gas storage, compressed air 
energy storage, shale gas, coal bed methane, 
underground coal gasification, enhanced oil recovery, 
geothermal) and waste disposal relating to energy 
(carbon capture and storage, radwaste), but also for 
mineral resources, depends on much greater under-
standing of subsurface flow and processes. This is 
particularly pertinent to low-carbon energy because the 
feasibility of three low carbon energy solutions rely on 
understanding of subsurface geological containment or 
flow: carbon capture and storage (CCS), shale gas and 
radwaste. Mineral deposit development and extraction, 
particularly near urban areas must be mined 
responsibly. Lack of understanding and uncertainty 
feeds through to lack of confidence amongst policy 
makers and industrial investors, and most of all to lack 
of public confidence. 
  
Keywords. Energy, minerals, subsurface responsible 
development  
  
1 The concept  
 
We propose an infrastructure “the Energy Test Bed” to 
allow the subsurface to be monitored at time scales that 
are consistent with our use of the subsurface, to 
increase efficiency and environmental sustainability but 
also to act as a catalyst to stimulate investment and 
speed new technology energy and mining options to 
commercialisation.  
  

• the impact of deep shale gas drilling and hydraulic 
fracturing on shallow groundwater and surface 
water, on seismic activity, and on ground stability 
and subsidence;  

• processes relating to the containment, confinement, 
and rates of solution and carbonation of subsurface 
stored CO2 in carbon capture and storage;   

• processes relating to the containment and 
confinement of subsurface nuclear and other types 
of waste; movement of fluids (gas, water, solutes);  

• studies on the impact of coal combustion products 
on the environment both from surface and 
subsurface operations (e.g. underground coal 
gasification);   

• the role of biological mediation in the subsurface in 
shallow to deep environments;  

• processes at basin and reservoir scale in reservoir 
stimulation and enhanced oil recovery (EOR); 

• ground deformation and induced seismicity 
associated with enhanced geothermal systems in 
hot-rock-dry-rock environments.  

• Large subsurface and open surface mining 
operations and associated waste management  
 
We will develop a unique package of monitoring 

capability where monitoring at the surface and in the 
critical zone will be coupled with deep borehole 
monitoring of variables such as pressure, temperature, 
heat flow, seismicity, tilting, strain accumulation, fluid 
chemistry, pH and biological properties. Monitoring will 
also include satellite and remote sensed data such as 
InSAR (Interferometric synthetic aperture radar) and 
gravity, electrical, spectral and magnetic data.  

 Infrastructure that underpins research into 
subsurface activity will make us better at monitoring 
and managing these new and continuing activities safely 
and sustainably, including optimising exploration 
practices. Industry would benefit in being able to access 
state-of– the–art monitoring data to maximise efficiency 
of extraction and subsurface management, as well as 
maximising environmental sustainability.   
 
2 Impact of the Infrastructure 
 
The economic impact is potentially very large in 
developing (1) untapped energy resources like shale gas, 
CBM, UCG, geothermal and new occurrences; (2) 
methods to sustain fossil fuel reserves e.g. EOR; (3) 
understanding of storage processes including CCS, gas 
storage and radioactive waste disposal; and (4) 
subsurface energy storage such as compressed air 
energy storage (CAES). 

Economic value will also stem from management and 
minimisation of environmental impacts which will 
protect the environment, ecosystem services, property  
and infrastructure Greater understanding of subsurface 
processes, if communicated properly, will also allow  
better public buy-in to subsurface usage and therefore  
more efficient, streamlined development.

  
 
 




