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Introduction

Quarrying is the process of extracting resources such as rock, sand, and gravel
from the ground; these are then used to produce materials for construction or other
uses. These materials are generally described as dimension stone, rock,
construction aggregate, riprap, sand, gravel, or slate. More specific types of
materials extracted from quarries may include chalk, china clay, cinder, clay,
construction aggregate (sand and gravel), coquina, diabase, gabbro, granite,
gritstone, gypsum, limestone, marble, ores, phosphate rock, quartz, sandstone,

slate, and travertine.

Quarries have been used for thousands of years. Ancient Egyptians used massive
limestone and granite blocks cut by hand from nearby quarries to build the
pyramids (Figure 1). In ancient Rome, the arduous cutting of stones in marble,

granite, and limestone quarries slaves was also done by criminals and slaves.

Even communities that did not construct stone buildings had quarries. The Lakota
culture of the Midwest region of the U.S. and Canada did not quarry stone to build
monuments or houses. However, they quarried for stones to make calumets or
ceremonial smoking pipes. Calumets - made of a metamorphic rock called catlinite
or pipestone - were essential for creating lasting treaties or agreements between

people (Harrell and Storemyr, 2009).

The two most common types of quarry material are dimension stones and

aggregate (Figure 2).
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Figure 1: Open-cut working at Giza (near Cairo) with king Khefren’s pyramid
behind (Harrell and Storemyr, 2009)

Figure 2: An abandoned construction aggregate quarry near Adelaide, South
Australia (Peripitus, 2007)
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Large, precisely cut stones excavated from a quarry are called dimension stones.
Dimension stones are used for constructing buildings and monuments or for
decorating the outside of buildings. They are also used for kitchen counters and
roofing shingles. Headstones, polished dimension stones usually made of granite,
are used to mark graves in many countries. Sand, gravel, or crushed rock

excavated from a quarry is called aggregate.

Aggregate is used in construction to create stable foundations for things like roads
and railroad tracks. Aggregate is also used to make concrete and asphalt. For this
reason, asphalt and concrete plants are often built next to quarries. Asphalt is an
oily substance that is mixed with aggregate for road construction. Concrete
(invented by the ancient Romans) is a mixture of sticky stone cement and
aggregate. The Romans depended on concrete and aggregate to build their vast
system of roads and aqueducts, many of which are still standing. Today, people
do not give much thought to aggregates and may only know a quarry as a hole in
the ground. However, it should be recognised that the current way of life would not
be possible without quarries. For example, quarry products provide the basis for

the transport network (roads, railways, airports) and water and sewerage systems.

When a quarry completes its production cycle, it can go through a period of
rehabilitation and re-development to benefit the community. Systematic analysis
and evaluation of quarry reclamation methods and techniques have now been a
significant issue for more than 50 years. It became apparent that quarry
reclamation had to be planned from the quarry project initiation (Bauer, 1970).
Several literature works show that during the years 1970-1980, initiatives
highlighted the importance of quarry reclamation and started developing organised
plans about different sites’ potential (Karn, 1977). In that vein, public agencies
have started requiring reclamation plans to allow quarry operations, as reclamation

became a part of legislation in France, Italy, the USA, Canada, and other countries.

WP4, D4.3.1 Page 9
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Discussions have begun about the most appropriate ways to reclama a quarry,
typically including landfill (Anon, 1978; Anon, 1980; Coughlan, 1979), tree planting
(Grunwald, 1979), wildlife development with local and rare species (Davis, 1979),
and amenity parks (Garr, 1980). Based on these reclamation techniques, several
guarries were reclaimed during 1980-1990, proposing many case studies and
increase practical experience regarding quarry reclamation; mining reclamation for
the local communities, the landscape, and the potential of this approach has
started to illustrate its importance (Andrea and Vincenzo, 1984; Anon, 1985; Galin,
1984; Holz, 1987; Krohe, 1989; Mencacci and Carter, 1989; Phillips and Shaw,
1983; Ramsay, 1986; Roxburgh, 1983; Whiffen and Walker, 1984).

A more mature phase could be tentatively recognised to start in 1990 when quarry
reclamation grows globally (Carter, 1990; Dietrich, 1990) and a more rigorous
approach towards the potential of reclamation is employed (Cmiljanic, 1997,
Duque et al., 1998; Hambler et al., 1990; McRae, 1990; Muzzi et al., 1997; Sharma
etal., 1996; Wheater and Cullen, 1997). Moreover, some techniques are becoming
more specific and more detailed; for example, Landform replication, a technique
designed to reduce the visual and environmental impacts of quarries (Gunn and
Bailey, 1993) (Figure 3). This technique involves using controlled restoration
blasting on quarried rock slopes to construct a landform sequence like that in the
surrounding natural landscape. The constructed landforms are then partially

revegetated using appropriate wildflower, grass, and tree species.

WP4, D4.3.1 Page 10
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Figure 3: (left) typical limestone quarrying face shortly after abandonments with

no remedial treatment, (right) limestone quarry after trial remedial treatment,
Derbyshire, England (Gunn and Bailey, 1993)
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During the past 20 years, significant efforts have been made towards the
appropriate quarry reclamation techniques, tailored for each quarry area, including
many times a detailed analysis of the local flora and fauna, landform, geology, and
any other information needed for the appropriate quarry reclamation (Bottero et
al., 2014; Cohen-Fernandez and Naeth, 2013; Damigos and Kaliampakos, 2003;
Ferreira et al., 2015; Grammatikopoulou et al., 2010; Robson et al., 2009; Yang
and Zhang, 2015). Nowadays, the comprehensive utilisation of abandoned mines
has become a crucial issue in recycling world resources. As sustainability, circular
economy, and green mining have become global priorities, mine and quarry

reclamation are of particular significance.
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General Background

According to the scientific literature, reclamation is a complex process of
engineering, ecological, biological, and other measures aimed at restoring the
productivity and economic value of the areas affected by industry and improving
the environmental conditions following the local societies’ interests. More
specifically, in a mining context, reclamation typically involves returning the site to
approximately pre-mining conditions, ideally inhabited by organisms in the
ecosystem of nearly the same composition and density as those before mining
(Mchaina, 2001).

Much attention to quarry and mining reclamation has been paid in the United
States, Germany, Poland, the UK, and later in other countries (Antwi et al., 2014;
Indiana Department of Natural Resources, 2007; Legwaila et al., 2015; Pietrzyk-
Sokulska et al., 2015). The reclamation direction in each country is different based
on complex natural and economic factors; additionally, it is necessarily adapted to
each case separately. For example, in Great Britain, Germany, Poland, and
Hungary, agricultural reclamation is preferred, whereas in the United States and

Turkey, the forestry approach (Figure 4).

WP4, D4.3.1 Page 13
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Figure 4: (left) Lucerne crops on the dumping ground of the Konin mine (Kuter,
2013), and (right) afforestation in Agacl, Istanbul (Kasztelewicz, 2014)
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Reclamation planning should, in principle, consider several factors. Some of the
most well-established are: the society’s preference and approval for the after-use
type of reclamation; the intended final geometric characteristics of the quarry such
as depth of the pit, overall slope angles, the geometry of the slopes’ benches; wet
or dry extraction; availability of fill material near the pit site; geology of the area,
tectonics, possible seismicity, and soil characteristics; the character of the
surrounding landscape; land ownership and cost planning of the project. Additional
details can be of use, e.g. the availability of topsoil near the quarry area, the quarry
setting, and technical expertise availability. All these factors influence the choice
of reclamation techniques that can be applied and the reclaimed quarry’s final

appearance.

It has been argued that the most crucial factor for quarry reclamation is the
landscape and its two features, landform and vegetation (Cripps et al., 2007,
Legwaila et al., 2015). Landform refers to the geometry of the pit (depth, slope
angle, benches), the exposed rock characteristics (e.g. colour, texture), and the
soil properties (colour, pollution, vegetation potential). Vegetation refers to the
possible plant establishment, biodiversity, and available water bodies (e.g. nearby
river). Landform and vegetation create the scene for the quarry reclamation and
dictate the possible reclamation techniques. Legwaila et al. (2015) presented a
graph showing how landform and vegetation contribute to environmental quality
(Figure 5).

Hackett (1977) identified the following objectives of quarry reclamation:

e restore the chemical and structural health of the soils, so they do not inhibit
plant growth,
e restore vegetation’s health to enhance biodiversity,

e create a safe environment in and around the quarry to create opportunities
for human activity,

e improve the visual and environmental qualities of the landscape,

WP4, D4.3.1 Page 15
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e preserve aspects of interest, such as geological features, wildlife, and plant
habitats,

e create possible homes for wildlife and plants.

The appropriate combination of these objectives can lead to the final choice of
reclamation techniques and the reclamation plan.

_ ‘ - Vegetation .

Exposure 8 [ |

| — Quality
~—~ Airpollution —
' i -~ Drainage —

~>  Stabilty <
S Elevation  Visibilty -
_Sourceof Funct
- Landscape Quality L unction

_Properties of - -Character
Visual Quality

Figure 5: An illustration of how landform and vegetation contribute to

environmental quality in quarry reclamation (Legwaila et al., 2015)
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Reclamation directions and techniques overview

Many reclamation ways have been proposed as quarry reclamation has become
an important topic. However, the basic principles and the main objectives remain
the same and have been evaluated several times. Table 1 summarises the
fundamental reclamation ways and their objectives (Kazmierczak and
Strzalkowski, 2019).

Table 1: Summary of reclamation ways and their objectives

General Objectives of Specific Activities of General Objectives of Specific Activities of

Reclamation Reclamation Reclamation Reclamation
. Cropping Nature reserve
Agricultural
Breeding Landscape park
Forestry Protected landscape area
Forest Protection Species protection
Recreation Nature monuments

Inanimate nature
Water management

Aquatic Natural documentation site
Recreation Ecological areas
. Landscape-nature
Housing
protected complex
Economic Industry ‘Natura 2000" areas
Services Natural succession
Scientific
Cultural Green areas

Artistic

A vital element of quarry areas' reclamation process is determining the direction of
reclamation and, consequently, management forms. This choice should be
preceded by a detailed analysis of the factors influencing the choice of the optimal
solution. These factors have been tentatively mentioned in the previous section. A

more systematic analysis can distinguish geological and engineering factors,
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natural factors, hydrogeological and hydrographic factors, social and economic
factors, formal and legal factors, economic and financial factors (Kazmierczak and
Strzalkowski, 2019).

Based on the reclamation ways or directions, several fundamental techniques
have been systematically applied to reduce quarries’ visual impact and provide the
biodiversity required (Gunn and Bailey, 1993; Walton et al., 2004). The five most
common techniques are rollover slopes, backfilling, bench planting, restoration
blasting, and natural recovery.

The rollover slopes technique refers to pushing material over the quarry’s top and
spreading it on the underlying benches, thus creating gentle slopes over quarry
faces (Figure 6). Walton et al. (2004) reported that in a study of 45 quarries for
about half, rollover slopes proved to be a successful technique.

Figure 6: Successful rollover slope on quarry (Walton et al., 2004)

WP4, D4.3.1 Page 18
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Backfilling is the process of wholly or partly filling a quarry void with soil, soil-
forming materials, or waste rock to restore the original soil surface or create a new
landform (Figure 7). It has been used widely for coal and lignite open-pit mines.
Unfortunately, it is usually unsuitable for limestone, or similar quarries as the

amount of overburden material is low compared to the mineral extracted.

*»

-

5
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Figure 7: A backfilled limestone quarry in the UK (Legwaila et al., 2015)

Bench planting involves placing soil and waste material on benches to create a
planting surface (Figure 8). The material covers only a small portion of the rock
face. The primary purpose is to establish vegetation on the benches that could

eventually conceal the rock faces.
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Figure 8: An example of bench planting in the UK (Legwalila et al., 2015)

Restoration blasting is a technique that intends to use the final phase of blasting
of the quarry faces to simulate local landforms (Figure 9). It aims to blend the
guarry landform into its surroundings. Although this technique was tested on
limestone quarries, it also can be applied in other types of hard-rock quarries
(Cripps et al., 2007). In principle, it is best applied to the quarry’s visually intrusive

sections, where screening is either impossible or intrusive.
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Figure 9: A quarry slope after restoration blasting in the UK (Gunn et al., 1992)

Finally, natural recovery is a process in which re-vegetation relies on the presence
of seeds and roots in the soils or are transported from adjacent land by natural
processes. It happens through different stages referred to as primary and
secondary succession. These stages occur through species colonisation,
spreading, and replacement over time (Davis et al., 1985). It has been concluded
in previous studies that disturbed sites that were left to nature produced
landscapes with higher biodiversity and higher aesthetic value (Fig. 11) than those
reclaimed through human intervention (Cilek, 2006; Hands and Brown, 2002;
Hendrychova, 2008).
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Reclamation studies

Several studies and case studies are presented in the literature related to quarry
reclamation. Some of the most well-detailed are presented herein. They have been
chosen to present various cases and a wide range of reclamation techniques and
practices that differ or complement the primary methodologies mentioned above.
These are studies of quarries reclaimed or planned to be reclaimed; in the latter

case, the plans and their details are presented.
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Limestone quarry "Gorazdze", Poland

The limestone quarry “Gorazdze” is in southwestern Poland. The mining plant has
good transport connections with railway lines, provincial and municipal roads, and
the nearby motorway. This open-pit quarry exploits a Triassic limestone deposit
for cement production and has a total area of 491.87 ha. The excavation of the
carbonate Middle Triassic formations takes place practically in the entire area. The
documented deposit boundaries include the protective area of the “Kamien Slaski”
nature reserve, which prevents the deposit's full exploitation. This area, which
covers 61.1 ha, is a habitat of a rare tree Polish species known as the wild tree
Sorbus torminalis. This position divides the deposit into two areas, eastern and
western. In the quarry, the natural environment is affected along 545.5 ha, which

Is the total area subject to reclamation. The terrain will also be lowered to 57 m.

The existing reclamation project currently defines the directions of the reclamation
as the forestry and water direction, together with the technical and biological
reconstruction of embankments and slopes [32]. The reclamation works began in
1984, and their final completion is planned in 2080, after the final exploitation of
the deposit resources. The forest reclamation is carried out mainly at the bottom
of the excavation with an area of 254.40 ha (Figure 10). It covers the slopes of the
excavation and around the nature reserve. This reclamation type (forest) is
beneficial for the development of flora and fauna. It will eliminate earlier
dissonance by restoring and diversifying the landscape and its adaptation to the

environment.

The direction of the technical and biological reconstruction of the slopes and
embankments of the internal dump is systematically carried out as the exploitation
fronts move on. Within this reclamation framework, protective strips of greenery
will be made along the embankment's upper edges. The biological reclamation

activities are aimed at securing and stabilising the slopes. Implementing these
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measures should be carried out within two to five years from completing the
technical reclamation works. After the exploitation in the deposit’s northern part
has finished, an artificial reservoir is planned with a target area of 211.53ha.
Aquatic reclamation will be carried out for recreational purposes but also to
develop the fishing industry. The resulting water environment will contribute to the
improvement of the habitat conditions of living organisms. Figure 11 illustrates the

current overall reclamation plan on top of the mine topography.

Legend: 189.2-196.133 [ 161.467 - 1684

- 164.533 - 161.467

175.333- 182267 [ 1476 - 154533

P 168.4-175.333

Figure 10: Topography of the quarry and forest reclamation plan (Kazmierczak
and Strzalkowski, 2019)

Elevation 182.267 - 189.2
203.067 - 210

196.133 - 203.067
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According to the reclamation project, up to 45% of the area will be reclaimed
following the forest reclamation, increasing various species' necessary habitats.
Moreover, the reclamation works and any further development’s main objective is

to increase biodiversity and minimise natural losses in depleted excavations.
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Figure 11: Reclamation plan of the quarry (KaZzmierczak and Strzalkowski, 2019)
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Kazmierczak and Strzalkowski (2019) proposed an extension of the current
reclamation proposal, as shown in Figure 12. Within the framework of introducing
nature-oriented elements into the quarry area, they proposed to gradually
introduce water habitats in the form of water ponds and rock ponds at steep
expositions. Grasslands are also a space for the growing of different plant and
animal species. Their introduction would meet the central criterion of the quarry
reclamation for the area’s future development, i.e., preserving biodiversity and
enriching the area. Extension of the forest and aquatic reclamation directions by
recreational and sports functions has been proposed. It considers the natural and
socio-economic factors included in the management strategy. The diverse area of
the mine floor could serve as a golf course (the minimum area for a nine-hole golf
course is between 20 and 30 hectares). Besides, there could be a tennis court and
a sports playground nearby, or a properly separated area for a horse stud farm.
Alternative sports could also have a place in this area. Apart from the already
created didactic path, there could be an extreme bicycle path with steeper
descents. The forest direction reclamation could be a perfect place to create a rope
park and a place for walks, picnics, and bicycle trips. The created reservoir could

be used as a place for water sports such as diving or sailing.

The proposition of extending the limestone quarry’s reclamation objectives is to
maintain the already existing environmental values and extend the biodiversity in
the exploited area. The presented example shows that anthropogenic activity,
which manifests itself in the mining industry's apparent devastation, can, in the

end, bring the opposite results.

WP4, D4.3.1 Page 26



interreg M

Greece-Bulgaria
=% TERRA-MINE

Legend: Recreational facilities: Touristic-recreational facilities
Area 1 (FOrest, agncultural and natural Hela) #  Proiecuve pell for sieep scarps Sports field  p=t= Guard rail
& B
Asea 2 (Forest and natural fiekt) Protective Pillar BB oo, (= Touiitrotes -
[ Area 3 (Aguatc field) ] Nature reservation Kamien Staski™ o -
Area & (Economi Fiela) = Reclamation area EZZ2) s soust. = Dkincic ruken Lookout pons
Goopark = Bordariine of the Mining Area L) Karsts — Bike and motorbike routes
[ Waterholes {7, Diving ®  Vegetation - Benches for tourists
B e couone [ woon 52 wetrresonors
& & Forest complex . Goif course

[ Substiute habitats

Figure 12: Development proposal of the mine in addition to existing plans
(Kazmierczak and Strzalkowski, 2019)
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Sand quarry "Adilcevaz", Turkey

In Adilcevaz (Bitlis/Turkey), a sand quarry that ended its operations in 2010 has
been repurposed by the district municipality. Solar panels were installed and
turned the quarry into a solar power plant for renewable energy. On-site inceptions,
in-depth interviews, and literature analysis regarding the area were carried out as
part of a study (Mert, 2019). The author argued that repurposing and reusing a
quarry as a solar power plant has globally only one other example, the Senftenberg

solar power plant in Germany (Borup and Frerk, 2016).

Adilcevaz districtis located in Turkey's eastern regions, on the Van Lake's northern
shores. It is a residential area with a continental climate, having hot summers and
cold winters. The temperature difference between the summer and winter months
is considerably high. According to the Turkish State Meteorological Service, the
Van Lake area has high solar radiation values due to its high altitude, low humidity,

and a high number of sunny days.

WP4, D4.3.1 Page 28



interreg H

Greece-Bulgaria
s TERRA-MINE

Figure 13: The Senftenberg solar power plant in Germany (Borup and Frerk

(2016), the photo was taken from https://inhabitat.com/)

Initially, the area has been used as a sand quarry for 30 years (Figure 14) before
the decision in 2013 to build a Solar Energy Plant. The surface area of the field
used for the plant is approximately 36 decares. Since the area was larger than 20
decares, an environmental impact assessment report was required to build a solar
power plant. This allocated field was a deserted place where sand extraction
activities were terminated entirely, and it was not being utilised for any purpose.
When the project was put to action, the first order of business was to level off the
ground to get a plain field.
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Figure 14: (left) initial state of the quarry during its operation, (right) construction

of the solar power plan (Mert, 2019)
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The project, prepared by the Adilcevaz Municipality (Figure 14), was named “The
Sun Dawns on Adilcevaz” and was also supported by Eastern Anatolia
Development Agency's Renewable Energy Support Program in 2012. A total of
2084 solar panels were installed (Figure 15), and the plant started producing power
with 502.75 kWp in 2013. It is estimated to supply power for 189,000 houses in the
region, and there are plans to further expand the plant’s capacities. The plant is
directly connected to the interconnected electricity line, and the power supplied to
the system provides earnings to the municipality. It is estimated that the plant will
pay its cost back within 6 or 7 years (until 2025-2026).

Figure 15: The final situation of the quarry with the power plant reclamation
(Mert, 2019)

After interviews with residents, officers, and engineers, Mert (2019) noticed that all
agreed on the transformation’'s success, and they were happy about the process.
The engineers and residents, in particular, claimed that the transformation to a
solar power plant is a very pleasing result and makes them feel they all contributed
to the sustainability of the city and the country. Additionally, the officers and
residents claimed that the public awareness of such reclamation plans and

relevant legislation has changed and increased with this project. Finally, it was
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observed that the stakeholders' satisfaction levels were high due to the increase
in the land value of the neighbourhood caused by the reclamation project. The
same holds for the increased environmental conditions resulting from the
rehabilitation of the old quarry area.
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Limestone quarry “Dawangshan Pit", China

The Dawangshan pit is a surface limestone quarry with over forty-year mining
history. It covers 130,000 m? and it is an oval 500 m to 400 m. The pit's surrounding
slope is more than 70 m in height and has an angle of over 70°, and the deepest
point is approx. 100 m. The satellite image of the pit before restoration is shown in
Figure 16. Before 2008, the area surrounding the pit was a base for building
materials and the chemical industry. Consequently, a large amount of industrial
wastewater was discharged into the nearby Xiangjiang River, one of the Yangzi
River's biggest streams. The Changsha municipal government took forceful
measures to control the pollution in this area, transformed and upgraded the
industry by shutting down highly polluting enterprises, including seven cement
plants, 14 chemical plants, and more than ten non-coal mine companies. After that,
the principal pollution sources for the regional environment and drinking water

were eliminated.

Located in the Pingtang Town, Yuelu District, Changsha City, the Dawangshan pit
was the quarry of the Xinsheng Cement Plant of Hunan Province. According to the
geological condition, the pitis divided into three zones (Tan et al., 2019). The slope
height in Zone A is 18-50 m. It stretches along northwest-northeast and inclines
into southwest-southeast. The slope angle ranges from 50° to 80° and even
approaches 90° at some places. The gradient of the upper slope is relatively
gentle. The slope height in Zone B is 70-80 m. It stretches along N32°-76°E and
leans towards the southeast. The slope angle ranges from 50° to 80° and even
approaches 90° at some places. The slope at the top is relatively gentle. The slope
height in Zone C is 65-77 m. The excavation slope ranges from 50° to 82° and
even approaches 90° at some places. The slope is covered by severely weathered
limestone, grey fissuring corroded/weathered limestone, black medium-thick

limestone, and thin limestone with argillaceous seams.
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Figure 16: Sattelite image of the open quarry before reclamation (Tan et al.
(2019), image was taken in August 2013)

By taking advantage of the heat insulation effect of the subsiding quarry, the
Dawangshan Pit was renovated into a theme park that features indoor ice, snow,
and water (Figure 17). It is the largest indoor snow park globally and the sole ice-
snow recreational facility built over a deep open-pit named the Ice World & Water

Park Project.

The pit was planned to turn into such a park due to its abundant water resources
(Figure 18). By making the best of the water accumulated at the pit bottom, the
water park, including a roof water park, an upper water park, and a lower water

park, can display different forms taking water as the theme. Some recreational
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water facilities are built on the Ice-Snow Park roof, forming a heat insulation layer
for the Ice-Snow Park's low temperature. Meanwhile, the tourists can enjoy the
landscape of the pit while playing with water. Moreover, the water retained at the
pit bottom can be used for fire protection and irrigation, showing the green design

concept of environmental protection and energy-saving.

Figure 17: The Dawangshan Pit in May 2012 during operation, in April 2017

during the construction of the reclamation project, and a simulation image of the
Ice World & Water Park Project (Tan et al., 2019)
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Figure 18: Simulation images of the final ice-water (Tan et al., 2019)

Large in building volume and complicated in structure, the Ice World & Water Park
is backing on the mountain's rocks. Giant concrete components standing on the
pit bottom are used to support the center and its roof. The primary structure

comprises lower support, 16 m-elevation platforms, and a roof (Figure 19).
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Figure 19: The 3D structural diagram of the primary construction (Tan et al.,
2019)

This case study, describing Dawangshan Pit's reclamation project in Changsha,
presented two new ideas for reusing abandoned mines. The abandoned pit was
renovated to fully consider the regional economy's topographic and geological
conditions and development characteristics. Additionally, significant efforts were
made to balance stability, construction cost, and environmental protection. This
project, which involves green construction, environment protection, and high
technology application, is beneficial to people’s livelihood and has gained wide
social compliments. This project's successful construction brings an additional
landmark to Changsha and protects the city's ecological environment during and

after the construction.
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Coastal Sand Dunes in Buenos Aires Province, Argentina

Studies concerning the reclamation of limestone quarries, sandy soil sites, or
coastal dune sites have been conducted globally, with primary studies coming from
Europe and Asia. Most of them point to spontaneous succession as an adequate
methodology (Gallego-Fernandez Juan B et al., 2011; Tropek et al., 2010). In
Argentina, studies of plant community reclamation after an anthropogenic
disturbance, e.g. mining, are scarce (Alvarez et al., 2012; Luque et al., 2005).
These studies analysed the natural revegetation (in some cases aided by planting)
in various areas, such as quartzite quarries, oil industry sites, gas pipeline areas
and sand quarries. This type of study represents an important issue to be
addressed, and a particular case study of this type took place in Buenos Aires

province in Argentina.

The case study mining area is located on the Atlantic Coast dune area. It has a
subhumid/humid mesothermal climate with little to no water deficiency according
to the Thornthwaite classification of climates (Burgos and Vidal, 1951). The region
typically experiences 800 mm of mean annual rainfall and 14°C mean annual
temperature. Wind direction is predominant from the north, while the study area is
in the southern part of the geologic province called Salado Basin (Bracaccini,
1972). Mining activities started at the beginning of 2000 and have been continuous
since 2006. The quarry, where the mining activity occurs, occupies 35ha of a
739ha farming field (Figure 20).
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Figure 20: Satellite images of the quarry areas showing the evolution with time.
(left) January 2003. (right) November 2012 (Fernandez Montoni et al. (2014),
Source: GoogleEarth)
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The different areas in the quarry were identified utilising GPS, and the surface of
each area was determined to be: conservation area (C) 3.9 ha; area quarried until
2006 (area E06) 3.4 ha; area quarried until 2007 (area EQ7) 1.4 ha; area quarried
during 2008 (area E08) 1.3 ha (Figure 21). From December 2008 to March 2009,
five areas were selected to be surveyed (Fernandez Montoni et al., 2014). Three
areas were affected by mining activity at different times (E06, EO7, and EO8). Two

of them were unaffected (areas C and P).

Figure 21: The five zones selected by Fernandez Montoni et al. (2014): C

conservation area, P no-mining area, E06 area quarried until 2006, EQ7 area
quarried until 2007, EO8 area with extraction activity at the time of sampling
(photographs were taken in 2009)
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Granulometric analysis reveals that in all five sampled areas, the sediment is fine
sand (0.25-0.125 mm). A total of 55 species distributed among 14 families were
registered (Table 2).

s:Google
<

Figure 22: Sattelite images of the areas affected and not affected by sand
extraction. C conservation area; P no- mining area; E06, EQ7, EO8 extraction
activities until 2006, 2007 and 2008, respectively; A areas with extraction activity
at 2014 (Fernandez Montoni et al. (2014), Source: GoogleEarth)

Mining activity in a sand quarry modifies the geomorphology (eliminates dune
sectors and might create ponds) and removes the soil and flora, affecting the
associated fauna. Some of these components cannot be easily recomposed (e.g.
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geomorphology). However, others may be restored in varying degrees, depending
on time, the new conditions, and human mitigation actions, among other factors.
In this case study, the potential natural vegetation recovery was assessed as a
plant restoration methodology. The results showed that vegetation reached similar
values to the conservation areas in only a few years (2—3). The compositional
recovery depended on the time lapsed after the activity ceased, the new
topography, and the distance to and availability of seeds source. Although between
40% and 50% of the species observed are native and perennials, some groups
could not re-develop. Shrub and sub-shrub revegetation may be one of the main
failures in the process, probably due to the lack of adequate habitats and
competition with herbs. Natural revegetation of sand quarry systems subjected to
sand extraction seems possible due to a conservation area within the quarry area

and neighboring natural fields.
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Table 2: Species found in the studied areas (Fernandez Montoni et al., 2014)

WP4, D4.3.1

Family

Species

5

E06 EO7

Apiaceae

Asteraceae

Cyperaceae

Fabaceae
Gentianaceae
Juncaceae

Lamiaceae
Onagraceae
Orobanchaceae

Plantaginaceae

Poaceae

Centella asiatica (L.) Urb.

Eryngium sp.

E. serra Cham. & Schidl.

H. bonariensis Lam.

A. satureioides (Lam.) DC.

B. penningtonii Heering

B. spicata (Lam.) Baill.

Asteraceae sp. |

Carduus acanthoides L.

Cirsium vulgare (Savi) Ten.

Conyza monorchis (Griseb.) Cabrera
G. subfalcata (Cabrera) Cabrera
Facelis retusa (Lam.) Sch. Bip.
Leontodon taraxacoides (Vill.) Mérat
P. sagittalis (Lam.) Cabrera

Senecio pampeanus Cabrera
Solidago chilensis Meyen
Sommerfeltia spinulosa (Spreng.) Less.
S. graminifolium (Spreng.) G.L. Nesom
Asteraceae sp. 2

A. trigynum (Spreng.) H. Pfeiff.

Cyperus eragrostis Lam. var. compactus (E. Desv.) Kiik.

C. rotundus (L.) Palla

Cyperus sp.

E. bonariensis Nees

S. americanus (Pers.) Volkart ex Schinz & R. Keller
M. lupulina L.

C. pulchellum (Sw.) Druce

Juncacea sp.

J. acutus L. ssp. leopoldii (Parl.) Snogerup
Juncus sp.

M. pulegium L.

Qenothera indecora Cambess.

Agalinis communis (Cham. & Schitdl.) D" Arcy
Plantago sp.

B. monnieri (L.) Pennell

Briza sp.

C. selloana (Schult. & Schult. f.) Asch. & Graebn.
C. dactvlon var dactvlon (L.) Pers.

Dactylis glomerata L.

Digitaria aequiglumis var aequiglumis (Hack. & Arechav.) Parodi

Eleusine tristachya (Lam.) Lam.
E. neesii Trin.

Stipa sp.

Imperata brasiliensis Trin.

P. gouinii E. Fourn.

P. dilatatum Poir.

Poa nemoralis L.
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Laterite quarry “Brazilian savanna”, Brazil

Often, the topsoil is removed for quarry mining; this topsoil is commonly used as a
fertile substrate and a source of plants for the reclamation of degraded areas
(Schwenke et al., 2000; Tacey and Glossop, 1980). Typical examples of this
process are topsoil translocation to restore deserts, grasslands, woodlands, and
forests throughout the world (Golos and Dixon, 2014; Hall et al., 2010). Focusing
on this case study's Brazilian savanna (Ferreira et al.,, 2015), grasses with
scattered shrubs and trees dominate the savanna ecosystem. Savannas are a
significant part of the global lands as they may cover up to 15% of them and are
primarily found in South America, Africa, and Australia (Haxeltine and Prentice,
1996). Few studies have addressed the use of topsoil for the restoration of
savannas (e.g. Gould, 2012 for the Australian savanna). Topsoil translocation is
likely to be an effective technique for Brazilian savanna restoration because it

includes a seed bank with herb and shrub species.

Ferreira et al. (2015) evaluated the use of topsoil as a plant source to restore the
savanna vegetation of an abandoned laterite quarry. The observation period was
three years. The objectives were to evaluate seedlings and resprouts’ relative
contributions to shrub and tree densities and assess the flora composition
changes. This evaluation was conducted for 5, 15, and 37 months after topsoil

translocation.

Various stages of the topsoil translocation and the reclamation of the quarry mine
are presented in Figure 23. Three years after topsoil translocation, 85 species from
33 families were documented, consisting of 21 tree species, 40 shrubs, and 24
herbs. The most representative families were Fabaceae, Poaceae, Asteraceae,
Bignoniaceae, and Solanaceae, with 17, 10, 9, 6, and 4 species, respectively. Four

species were invasive exotic grasses.
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Figure 23: Stages of topsoil translocation for Brazilian savanna (a) site at the end

of mining, (b) topsoil translocation procedure, (c) site after topsoil translocation,
(d) various shrub and tree species (e) 5 months after topsoil translocation (f) 37

months after topsoil translocation

Plant cover increased decidedly during the three monitoring years and was
connected with species such as annual herbs, native and invasive exotic grasses.
Annual herbaceous plants were recorded as early as five months after
translocation, with richness and frequency peaking at 15 months, followed by no
representation at 37 months. In contrast, native and exotic invasive grasses initially
had a low frequency, with the highest frequency at 37 months. In the final

assessment, the soil was entirely covered by grasses.

Ferreira et al. (2015) demonstrated that topsoil translocation, previously untested
in quarry reclamation in the Brazilian savanna, has the potential of a successful
method. Topsoil translocation favored the propagation of many native herbaceous
and woody species, primarily due to many active root fragments transferred with
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the topsoil. The native grass cover was extensive, and there were relatively large
shrubs and trees for the evaluated period. Moreover, many of these were already

flowering and fruiting, forming a typical savanna physiognomy.
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Limestone quarry “Gogolin”, Poland

Establishing a botanical garden can be a holistic way to reclamation a degraded
qguarry landscape, specifically for quarries near towns and cities. Within a specific
form of nature protection, each botanical garden has the following functions and
duties: protection of biodiversity (particularly endangered species), participation in
scientific research, plants protection education, and cultivation of the endangered
species of plants to introduce them into the natural environment (Kirichenko and
Kenis, 2016). Botanical gardens do not focus solely on scientific and research
activities but form a vital element of urban greenery systems, create valuable
leisure zones for inhabitants of many towns, and offer various educational
opportunities. Beautiful floral compositions are a source of inspiration. Every
botanical garden can stimulate increased contact with nature and plants’ world
(Holttum, 1999; Norton et al., 2016). Stonina et al. (2019) proposed developing a
botanical garden in the closed limestone quarry of Gogolin in Poland. The project
considered all the necessary functional and spatial elements, with maximum
preservation of the existing environment. Their proposition aimed to create an
exciting location, attractive to various social groups, maintaining the region's

natural heritage in education and natural sciences.

The project area is located in a lower area in terms of height with respect to water
level, and is characterised by high humidity. This area is an ideal habitat for the
creation of a garden - rainforest. Some significant elements are presented below,
as a more in-depth presentation was made in Stonina et al. (2019). Several types
of surfaces could be differentiated in the project area; Stonina et al. (2019)
proposed to create the main communication route from one material. Apart from
the main walkway, several side footpaths were designed; their form, materials, and

directions would offer another attraction. All surfaces were proposed uniform in
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style and material. They were the connecting element between individual parts of

the garden - rainforest (Figure 24).

The current entrance to the area was not representative, and the plan was to create

a new one by creating a natural gate in the form of an arched tree (Figure 25). The

exit would also be marked in the form of a natural wooden gate.

Figure 24: The project main idea visualisation: (a) ramp and waterfall, and (b)
stairs leading to a vantage point (Sfonina et al., 2019)

Figure 25: Entrance to the rainforest garden: (a) current and (b) proposed form
(Stonina et al., 2019)

Developing closed limestone quarries into botanical gardens is ideal for modern
towns because such places have been popular and frequented by visitors. The
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quarry area considered in this case study has appropriate landscape features,
sufficient surface, and rich habitat, all indispensable for creating a botanical
garden. The creation of a botanical garden would contribute to protecting valuable
habitats and species biodiversity. Opening a new tourist and scientific facility could
support many new jobs. Apart from the new employment opportunities for the local
population, the activity would also promote young landscape architects. Students
could gain a new didactic facility and the opportunity to improve their skills in
practice. The inspiration for the themed garden with rainforest resulted from the

appropriate climate conditions and habitat in the area.
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Limestone quarries in Merida, Yucatan, Mexico

In Merida, Yucatan (Mexico), quarry exploitation is one of the mining activities that
most impacts the environment, eliminating vegetation and soil. Quarrying activity
demands restoration measures after the end of the exploitation. Nevertheless, few
companies in Mexico are implementing reclamation projects, although motives are
diverse and range from legal to economic. Quarry exploitation leads to the
extraction of all material until arriving at a meter or less of the groundwater table
Figure 26 shows a typical limestone quarry in Mexico at the end of its exploitation.
In the end, only a carbonate rock lacking organic material and biological activity

remain.

For almost three decades, Mexican companies have exploited several hectares of
exploited quarries. In Yucatan, several uses for abandoned quarries were
proposed, and few were also implemented. Recreational parks have been created,
and some companies have tried to carry out aquaculture and deer raising.
However, these efforts have not been very successful. On the other hand, large
surfaces have been successfully regenerated by establishing and managing
agroforestry systems, such as tree-grass mixtures, legume trees, and other local
types of trees. The goals were the reestablishment of the plant cover, the efficient
use of light, soil and space, and the potential income generation for the local
communities. Studies showed that this type of reclamation could be sustainable as
the types of trees used withstood even extreme conditions such as Hurricane
Isidore in 2002 (Figure 27).
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Figure 26: A typical limestone quarry in Mexico, at the end of its exploitation. In
the lower part, the groundwater table is visible (Photo by Montafiez 2000,
Montafiez-Escalante et al. (2005))

Figure 27: Agroforestry system flooded for five months after Hurricane Isidore in
2002. The aquifer rose more than 1 m (Photo by Montafiez 2002, Montafiez-
Escalante et al. (2005)).

WP4, D4.3.1 Page 51



HILCTITICY m

Greece-Bulgaria

L.
e il

Sandstone-Granite quarry, Midland, UK

At Tuttle Hill, Nuneaton, the Midland Quarry site was a disused quarry with historic
excavation up to 75 m deep, significant quantities of overburden and other arisings.
It was reclaimed to provide a base for residential development; the final area was
used in part for residential houses. The reclamation involved constructing a
reinforced soil slope with a maximum height of 38 m and a face angle of 45° and
filling behind it to create additional development space (Figure 28). The
considerable height and depth of filling presented significant design challenges.
Furthermore, the reclamation of the quarry was combined with the reuse of waste
materials from a “sister” nearby spoil site, thus exploiting the spoil materials and
creating extra space in the second site for further residential development. Notice

that the reclamation of each site individually could not be economically viable.
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Figure 28: The completed reinforced soil slope

Figure 29 shows an overview of the final area. The initial quarry site is within the
red line and initially presented a void in the middle (within the blue dotted line).
That void was landfilled and supported through the reinforced slope to create a

continuous area that could be used for residential development.
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Figure 29: Overview of the site layout, including the quarry area (within the red site
boundary) and the part of it that was redesigned to create the additional
development space (within the blue dotted line)

Sustainability was a significant driver for the concept, design and construction
decisions. The local authority adopted part of the infrastructure servicing the site,
and so the development had to have their approval, and an Approval in Principle
procedure was implemented, with Category 3 (Independent) checks required

because of the importance of the proposed reinforced elements.

The land for development was to be maximised within the available materials, and
the stability of the backfill was to be designed to allow conventional foundation
solutions to be adopted. The final scheme can be viewed in detail in Figure 30; a
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conventional landfilling of the quarry was used along with a non-conventional

creation of a supporting soil slope.
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Figure 30: Cross-section through the quarry site and the reinforced slope; section
1-1 from Figure 29

A collaborative and interactive team-working approach to this project has resulted
in constructing a massive earthwork slope that has enabled reclamation of two
depleted sites. The results also indicated that a wide variety of waste materials
could be successfully used to provide an engineering fill that complies with tight

specification tolerances.
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Marble quarry, Naxos, Greece

In Greece, the main guidelines for quarry rehabilitation are backfilling and
revegetation to restore the original landscape. For several reasons, in this country,
these methods have proven to be ineffective for marble quarries in many cases.
Initially, the bench surfaces produced by wire-saw cutting are smooth, flat, and
intersect in vertical planes; thus, backfill soil's erosion is inevitable, and the
bedrock eventually would emerge to the surface. Furthermore, typical vegetation
types cannot create an appropriate root system, and any vegetation planted

eventually shrivels. Greek climatic conditions further deteriorate the above factors.

Kaliampakos and Mavrikos (2006) introduced a new approach to the reclamation
of marble quarries questioning common perceptions regarding the environmental
problems of landscape degradation and visual pollution from marble extraction. In
contrast, they suggested creating a multi-functional area, offering a variety of
activities, cultural and recreational. The rehabilitation scheme suggested the
alteration of an area so that both cultural and recreational activities take place. The
area was created in the mined-out part of a marble quarry on the island of Naxos,
Cyclades, Greece. The rehabilitation plan would link to the area’s cultural and
historical heritage connecting ancient and present quarrying activities. The two
activities could also operate successively, but the plan was realised during the
guarrying operation. Notice the quarry exploitation is a typical open-pit quarry, and

the marble is extracted using wire-saw cutting machines.

The main element of the reclaimed area was an open-air theatre constructed
exclusively from non-marketable marble blocks and exploitation debris of the
guarry using the layout of ancient theatres. The theatre, along with the orchestra,
covers an area of 0.1 ha, and it has a capacity of 1,000 seats (Figure 31). The
theatre can host theatrical plays, concerts, and other performance, and it can

operate mainly in the afternoon and evening hours.
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Figure 31: Perspective drawing of the proposed theatre (drawing created by E.
Fragedaki, Kaliampakos and Mavrikos (2006))

Moreover, an existing quarry bench was transformed to act as a path between the
guarry entrance and the rehabilitated area. Overall, the final area would
incorporate several additional elements (Figure 32), e.g., a wooden reception
kiosk, a café, and a tennis area. In addition, one can buy small artefacts made of

marble.
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Figure 32: Overview of the rehabilitated area, including the theatre and additional
elements (Kaliampakos and Mavrikos, 2006)

The combined operation of quarrying and rehabilitation requires a careful design
of the exploitation in terms of bench advance, annual marble production and other
qguarrying factors. The proposed rehabilitation plan was created to be in harmonic

coexistence with the primary quarrying activity.

Overall, the proposed approach presented several advantages over conventional
methods. It considered the site’s specific characteristics, combined both the
historical and cultural heritage of the area and satisfied the needs of the local
community. Furthermore, it supported the coexistence of different land-uses
simultaneously and in the same area. Finally, it can be further developed and
modified as the area can be linked with the nearby archaeological site of the
“Greek Kouros” and constitute a place where artists meet and display the art of

sculpture.
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Summary

Quarries have been used for thousands of years, and quarry reclamation, formally
or informally, is also presented for a similarly long time. When a quarry completes
its production cycle, it goes through a re-development phase to benefit the local
societies. In this work, an overview of the state of the art and state of practice was
presented on quarries reclamation. Systematic analysis and evaluation of quarry
reclamation methods and techniques have been essential for more than 50 years.
It has become evident that quarry reclamation must be planned from the quarry
project initiation and not near its end. Additionally, stakeholders have the tools to
reach the best reclamation direction given the amount of research, analysis, and

case studies that have been evaluated during the past years.

The main reclamation ways were presented in Table 1 and refer to five main
objectives: reclamation for agricultural use, for forest creation, for the development
of an aquatic environment (e.g. water parks, lakes), for economic development
(e.g. housing, industry, renewable energy systems), and for cultural development
(e.g. green areas for general use). These various objectives can then become
more specific based on the characteristics of the areas to be reclaimed. It has been
argued that the most crucial factor for quarry reclamation is the landscape and its
two features, landform and vegetation. In principle, the most important of these are
the local communities’ preference and approval for the type of reclamation, the
guarry's geometric characteristics, the character of the surrounding landscape, the
land ownership and cost planning of the project. Further technical aspects are
crucial, such as wet or dry type of extraction, fill material availability, geology,
tectonics, possible seismicity, and soil characteristics. Any additional details and
particularities of each area can be critical to the final decision, such as the topsoil

availability near the quarry area, the quarry setting, and the availability of technical
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expertise in the region. All these factors influence the choice of reclamation

techniques that can be applied and the reclaimed quarry’s final appearance.

Regarding the more technical part of the reclamation, specific reclamation
techniques mainly related to landscape and vegetation reforming refer to rollover
slopes, backfilling, bench planting, restoration blasting and natural recovery.
These techniques are critical in any direction of reclamation and relate to the final
landscape required. Additionally, they are related to the vegetation that is

anticipated to develop, always considering the final reclamation plan.

Finally, some specific well-established case studies were analysed, including
various cases and a wide range of reclamation techniques and practices that
somehow differ from the primary methodologies (e.g. simple forestation or natural
reclamation). These were case studies of quarries reclaimed or planned to be
reclaimed. These studies described a multi-recreational reclamation plan for a
limestone quarry in Poland, a solar park developed in a sand quarry in Turkey, a
massive project for a water-ice recreational park in a limestone quarry in China,
the reclamation of multiple sand quarries in Argentina, the use of backfilling with
topsoil for vegetation restoration in a laterite quarry in the Brazilian savanna, and
the plans for a botanical garden in a limestone quarry in Poland. These are only a
few of the case studies existing or planned and described in the literature but

describe the broad spectrum of quarry reclamation possibilities.
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