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 In this paper, we report a geospatial assessment of the selected mine sites in the 
Plateau State, Nigeria. The aim of this work is to determine the impact of mining on 
the terrain as well as the Land Use/Land Cover (LULC) of the host communities. The 
Shuttle Radar Topographic Mission (SRTM) is used for the terrain mapping. The 
derived impact of mining on LULC between 1975 and 2014 is determined by 
classifying the relevant Landsat imageries. The digital terrain map reveal that the 
mining activity is not well-coordinated. Hence, the parts of the mine sites that are rich 
in the desired minerals are punctuated with low depth, while the other parts have high 
terrain as a result of the haphazard mining activity. The analysis of the LULC change 
show that the degraded land (DL), built-up area (BU), water bodies (WB), and exposed 
rock outcrop (RO) increase by 15.68%, 4.68%, 0.06%, and 14.5%, respectively, 
whereas the arable farmland (FL) and forest reserve (FR) decrease by 28.29% and 
6.63%, respectively. Mining has adversely affected the natural ecology of the studied 
area. Therefore, the mine sites should be monitored, and their environmental damages 
should be pre-determined and mitigated. There should be regular inspections to keep 
these activities under control. The existing laws and regulations to conserve the natural 
ecosystems of the host communities should be enforced to curtail the excesses of the 
operators of the mining industries. Restoration of the minefields to reduce the existing 
hazards prevent further environmental degradation, and facilitating the socio-economic 
development of the area is also suggested.  
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1. Introduction 
Mining is an important component of the 

economy of many nations, especially the 
developing countries. However, it could cause 
untold environmental degradation [1-4]. Mining 
activities should, therefore, be responsibly 
coordinated and monitored. In addition, best 
practices must be put in place in order to avoid the 
attendant devastating consequences of the 
uncoordinated mining. The environmental impact 
of mineral extraction includes air, land, and water 
pollution, damage to vegetation, ecological 
disturbance, degradation of the natural landscape, 
radiation hazards, geological hazards, and socio-
economic problems [5]. The open-pit mining 
method, which was used in the studied site like 
many other mines in developing nations, could 

have a devastating effect on the human lives and 
the ecosystem [6, 7].  

Open-pit mining is known to degrade the mine 
environment, primarily because the native 
vegetation and protective soil cover are removed as 
a first step. Thus the arable land is lost [8]. The 
concentration of mining activities in an area can 
lead to a rapid degradation with serious economic 
effects including the loss of agricultural lands [1]. 
The natural landscape is usually replaced by 
degraded land or hummock topography punctuated 
by irregular holes [9, 10]. Ndace and Danladi [11] 
have opined that this can greatly disfigure the host 
communities of the mining sites.  

The ecosystem is disturbed by the mining 
activities. Mineral extraction usually destroys the 

mailto:ayodele.owolabi@futa.edu.ng
http://www.jme.shahroodut.ac.ir


Owolabi Journal of Mining & Environment, Vol. 11, No. 4, 2020 
 

936 

natural landscape, creating open spaces in the 
ground and generating heaps of waste rocks that 
cannot be easily disposed off. The elements of land 
degradation such as soil erosion, deforestation, and 
loss of bio-diversity are common occurrences in 
the mining communities [12, 13]. The 
deforestation of an area during mining operations, 
for example, may cause the elimination of some 
plants and exodus of some animals and birds that 
feed on such plants or depend on them for cover.  

The conflict between the mining activities and 
the environmental protection has intensified over 
the years. Therefore, the quantification of the 
effects that the mining activities have on 
ecosystems is a major issue in sustainable 
development and resource management. The 
benefits of resource exploitation should be 
balanced against the environmental degradation. 
This must include quantitative assessment and 
prediction of such impacts on the environment. 

The remote sensing data that can be used to map 
the alteration of minerals [14, 15] is also a reliable 
tool to assess the extent and environmental impacts 
of the mining activities on landscapes. It could also 
be used to monitor changes in land use. While 
remote sensing can be used to map the spatial 
patterns and rates of land use/land cover change, 
relating these changes to a suite of environmental 
and socio-economic activities is necessary in order 
to understand the consequences of land use change 
for local livelihoods [16-18].  

Remote sensing is increasingly becoming an 
important tool for monitoring different aspects of 
ecosystems at local, regional, and global scales. 
However, it is under-utilized in the mining sector. 
In addition to being the only available data source 
in remote areas, the benefit of acquiring data with 
sufficient area coverage and temporal frequency 
for studying and monitoring the primary impacts 
caused by surface mining at low cost put it ahead 
of any other of monitoring the ecosystem.  

Land use and land cover are distinct yet closely 
related. Land cover refers to the type of vegetation 
cover as well as human structures, soil type, bio-
diversity, surface and ground water but land use is 
the foundation of all forms of human activities 
[19]. Lambin et al. [20] have defined sustainable 
resource use as the use of environmental resources 
so that future human needs can be met from the 
natural resource base. Changes in LULC have 
global effects and must be monitored [21, 22]. 
Exploitation of mineral resources can change the 
LULC patterns of the host communities.  

Remote sensing has been a useful tool in 
environmental research works. Land-use and land-

cover change (LULCC) is a major driver of the 
global change through its effects on the climate, 
ecosystem processes, biogeochemical cycles, and 
bio-diversity [23] as well as improvements in the 
spatial information technology to assess and 
monitor the earth surface [19]. Therefore, the 
analysis of LULCC has become an important 
component of the ecosystem research works. The 
spatial configuration of land use is a reflection of 
the activities of different land users and managers. 
It is essential to link the patterns of land-cover 
change to the underlying activities and processes 
so as to better understand the mechanisms of 
change, generate predictions about future rates, and 
vulnerable places to change, and design 
appropriate policy responses to change [24]. 

The objective of this work was to carry out an in-
depth assessment of landscape change in a 1523 
km2 area in the Plateau State, Nigeria. The 
continual change in land covers offers additional 
information concerning the vulnerability of land 
covers to transition to other classes. 

Although mining contributes to the economic 
development of host communities, it could also 
also cause deforestation, loss of fauna, washing 
away topsoil, and loss of cultural heritage and farm 
land. Open-pit mining of cassiterite and columbite 
in Jos environs denuded the landscape [25]. In fact, 
the structural developmental activities in most 
parts are difficult and costly due to the undulating 
nature of the terrain.  The abandoned and un-
reclaimed mine sites also produce erosional 
features like canyon, mesa-buttes, and residual 
hollows [26-28]. The area is no longer beautiful 
due to the mounds of mine waste and tailings and 
the associated erosion. This has reduced the 
tourism potential of the state. Therefore, in this 
work, we evaluated the impact of mining on LULC 
of the Jos area, Plateau State, Nigeria. Digital 
terrain maps of the studied area using the Shuttle 
Radar Topographic Mission (SRTM) imagery were 
also produced. 

2. Materials and methods 
2.1. Description of Studied Site 

The studied area is located within the Naraguta 
topographical sheets of the Plateau State, Nigeria. 
It lies between the latitudes 9° 30’N and 10° 00’ N, 
and stretches longitude 8° 45’ E and 9° 00’ E, and 
covers an area of about 1,523 km2. It is in the 
Guinea savannah ecosystem of the northcentral 
region of Nigeria. Most of the dwellers of the 
studied area are engaged in mining and farming as 
the primary occupation. There is a large 
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concentration of population in the studied area due 
to its strategic importance as an administrative 
center in providing employments to people aside 
mining and farming. The studied area has steep 
escarpment edges with a descent of about 600 m to 
the surrounding plains. It has an average elevation 
of about 1200 m above the mean sea level, rising to 
1777 m above the mean sea level around the Jos-
Shere hill [29]. It is characterised by impressive 
ridges and rocky hills. Jos has exhibited a variety 
of land forms possessing a beautiful landscape that 
provides excellent picnic resorts, and is attractive 

to lovers of nature despite its damaged condition. 
The studied site has been described as a 
“disasterous area” due to the indiscriminate mining 
activities in the past [30].  

The mine sites were selected from the Rayfield, 
Gero, Sabongida Kanar, Kuru Jantar, Bisichi, and 
Barkin Ladi communities. The Bisichi and 
Barkinladi communities are located in the 
Barkinladi Local Government Area. The other 
communities are located in the Jos South Local 
Government Area. Table 1 shows the geographical 
coordinates of the selected mine sites. 

Table 1. Geographical coordinates of selected mine sites in the studied area. 
Mine site Longitude (E) Latitude (N) 
Rayfield 

Gero 
Sabongida Kanar 

Kuru Jantar 
Bisichi 

Barkin Ladi 

E 08o 54.441' to E 08o 54.84' 
E 08o 49.012' to E 08o 49.033' 
E 08o 48.495' to E 08o 48.699' 
E 08o 52.117' to E 08o 52.284' 
E 08o 55.357' to E 08o 55.581' 
E 08o 54.089' to E 08o 54.229' 

N 09o 50.049' to N 09o 49.682' 
N 09o 49.081' to N 09o 49.154' 
N 09o 47.081' to N 09o 47.241' 
N 09o 41.548' to N 09o 41.747' 
N 09o 41.605' to N 09o 41. 763' 
N 09o 32.168' to N 09o 32.553' 

 
2.2. Geology 

The geology of the studied area is that of the 
Younger Granite series that intrude the Basement 
complex with the lithologic units (Older Granite, 
Younger Granite, Volcanic, Magmatic Gneiss 
Complex, and Sedimentary Basin) emplaced 
during the Jurassic era. The Younger Granite that 
is acknowledged for hosting the richest and also the 
most extensive alluvial deposits of cassiterite and 
columbite in Nigeria are shed from the biotitic–
granite of the studied area [31]. The Younger 
Granite is the source of economic quantities of 
tantalite, cassiterite, columbite, zircon, monazite, 
ilmenite, thorite, molybdenite, and pyrochlore [32]. 
Tantalite, cassiterite, and columbite mining, mostly 
from alluvial deposits, and processing the ores 
have been taking place for over a hundred years on 
the Jos-Plateau, Nigeria [33]. This must have had a 
devastating effect on the landscape [34]. 

2.3. Production of Digital Terrain Map 
Digital Terrain Map (DTM) was used to extract 

the vital topographic information [35, 36]. In order 

to assess the change in the terrain of the studied 
area, a DTM of the studied area was produced 
using the Shuttle Radar Topographic mission 
(SRTM); it is believed to provide one of the most 
complete and highest resolution DTM of the Earth 
[37]. The Shuttle Radar Topography Mission 
(SRTM) 30 m DEM of the studied area was 
obtained from the United States Geological 
Survey/National Aeronautics and Space 
Administration/Shuttle Radar Topography Mission 
(USGS/NASA SRTM) [38]. The terrain maps of 
the studied area were produced by navigating the 
earth explorer website. The coordinates of the 
edges of the studied area were clipped, and the data 
set type (SRTM) was picked from the digital 
elevation menu. The SRTM image of the studied 
area produced was then downloaded and imported 
to the Surfer environment, where it was gridded, 
mosaicked, and trackballed to produce the contour 
map (Figure 1a), which was afterward 3-D wire 
framed to obtain a 3-D Digital Terrain Image 
(Figure 1b). 
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(a) (b) 

Figure 1. a) Contour map and b) Digital terrain image. 

2.4. Evaluation of Impact of Mining on Land 
Use/Land Cover 

In this work, we employed a Multi-spectral 
Scanner (MSS) of 1975: a Landsat Thematic 
Mapper (TM) of 1988, an Enhanced Thematic 
Mapper Plus (ETM+) of 2001, and an Operational 
Land Imager (OLI) of 2014 (all at a resolution of 
30 m) in order to assess the impact of the mining 
activities on the studied area. The Cloud–free 
Landsat imageries covering the studied area (paths 
188, rows 053 of the worldwide reference system) 
with a spatial resolution of 30 × 30 m were obtained 
from the archives of the United States Geological 
Survey (USGS) (Table 2) in order to assess the 
impact of the mining activities on the studied area. 

Table 2. Summary of landsat images acquired for 
the research work. 

S/No Landsat sattelite Date Path/Row 
1 Landsat 4 (MSS) 5 Dec, 1975 188/053 
2. Landsat 5 (TM) 18 Dec., 1988 188/053 
3. Landsat 7 (ETM+) 2 Nov., 2001 188/053 
4. Landsat 8 (OLI) 8 Dec., 2014 188/053 

 
The training datasets for each class were obtained 

using a combination of field site visits, maps, and 
aerial photographs. In order to ensure the spatial 
and temporal comparability of the datasets, the 
image pre-processing including the geometric and 
atmospheric corrections was performed in the 
Geographic Information System (GIS) 
environment [39]. The data was then pre-processed 
in ArcMap 10.5 for clipping/extracting and sub-
setting of the image on the basis of Area of Interest 
(AOI). Table 3 shows a list of the Landsat images 
acquired and their dates. Four Landsat Imageries 
were downloaded from the USGS Glovis website 
(2011). A time series analysis of Multi-Spectra 
Scanner (MSS) satellite imagery of 1975, Thematic 
Manager (TM) of 1988, Enhanced Thematic 

Manager plus (ETM+) of 2001, and Operational 
Land Imager (OLI) of 2014 was carried out. A 
supervised classification of the aforementioned 
land-cover classification was carried out using the 
supervised maximum likelihood algorithm. The 
training samples were obtained from the existing 
aerial photos and field surveys. The training and 
validation samples were limited to the areas that 
did not experience a change between the dates of 
remote sensing data and field surveys [40]. The 
downloaded landsat imageries were subsequently 
geo-referenced and clipped in the ArcGIS 10.5 
software to delineate the boundary of the studied 
area. The images were enhanced, stacked, and 
masked before exporting to the ENVI 4.8 software 
for image classification and analysis. False colour 
composite (432 for 1975, 1988, 2001, and 543 for 
2014) was prepared to reveal the spectral properties 
of the different urban land-use (mining area) and 
land-cover. The training site samples were 
collected for supervised classification of the 
studied area to highlight the different LULC viz: 
inland water bodies, thick forest, light forest, 
cultivated land, built-up, and mining area. A 
change detection analysis with the ENVI software 
was carried out to show the trend of change 
between 1975 and 2014. This was done to reveal 
the direction and magnitude of the effect of mining 
on the different land uses and cover of the studied 
area. The main land covers within the studied area 
were identified with the aid of a reference map. The 
classes identified were the inland water, forest, 
built-up, cultivated land, degraded land, and rock 
outcrop. The training areas were established by 
choosing one or more polygons for each class. The 
pixels that fell within the training area were taken 
to be the training pixels for a particular class. In 
order to select a good training area for a class, the 
important properties taken into consideration were 
its uniformity and how well they represented the 
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same class throughout the whole image [41]. For 
each class, the training pixels provided values from 
which the mean and covariances of the spectral 
bands used were estimated. This information was 
used to assign the pixels to each class. The outcome 
of ML classification after assigning the classes 
with suitable colours is shown on the classified 
map of the studied area (Figure 2): inland water 
(blue), forest (thick green), built-up (yellow), 
cultivated land (light green), degraded land 
(orange), and rock outcrop (purple). The 
proportion of the land-cover (ci) that was occupied 
by a given class i in a given year (1975, 1988, 2001 
or 2014) was estimated using Equation 1: 

=+݅ܥ ݆݅ܥ 


ୀଵ

 (1) 

where n is the total number of classes.  

2.4.1. Accuracy Assessment 

The classification accuracy signifies the degree 
of agreement between the remote sensing data and 
the reference information [42]. The human error, 
digitizing, lack of knowledge of the studied area, 
and other factors all contribute to inaccurate results 
in the supervised classification method [43]. An 
accuracy assessment of the individual 
classification is important in assessing the 
practicality of the classified data in the change 
analysis detection [44]. The accuracy assessment 
for the LULC maps of the Jos area field survey was 
performed digitally with ENVI 4.8 by creating an 
error matrix, which was the most common way of 
computing the accuracy assessment for any remote 
sensing application in image classification [45]. 
The accuracy assessment was carried out using the 
ground truth points based on the ground truth data 
collected during the fieldwork, high-resolution 
Google Earth images, and visual interpretation 
[46]. The error matrices that were the most efficient 
way of computing the accuracy assessment for any 
remote sensing application in image classification 
[47] were applied in the statistical comparison of 
the reference data and classification results. The 
error matrices were generated to assess the user’s 
accuracy, producer’s accuracy, and overall 
classification accuracy. The original pixel training 
samples were processed and analyzed using the 
Signature Editor on ENVI 4.8 before creating the 
error matrix so that the comparison between two 
error matrices from two successive classifications 

could be justified. This also ensures the credibility 
of the accuracy assessment. The next sections 
concern the overall accuracy for the years under 
study in the area. The standard error matrices were 
generated to assess the user’s accuracy, producer’s 
accuracy, and overall classification accuracy using 
the data from the output map as the rows and the 
reference data (ground truth points) as the columns 
in the matrices [47]. The accuracy assessment of 
the classification was determined by means of error 
matrix (otherwise known as the confusion matrix), 
which compared, on a class-by-class basis, the 
relationship between the reference data (ground 
truth) and the corresponding results of a 
classification [48]. Such matrices are square, with 
the number of rows and columns equal to the 
number of classes, i.e. 6. A measure of the overall 
behaviour of the classification was determined by 
the overall accuracy, which was the total 
percentage of the pixels correctly classified. 

3. Results and discussion 
3.1. Digital terrain map of studied area 

Figures 3a to 3f display the digital terrain maps 
using SRTM 2014; the varying heights of the 
studied area are shown. The points on the Rayfield 
mine site vary in height between 1270 m and 1325 
m with the mining activity concentrated around the 
western part of the mine site; hence, their low 
heights are as shown on Figure 3a. The perimeter 
of the studied area had a high land terrain with 
steepness down its respective centres. The points 
on the Gero mine site shown in Figure 3b vary in 
height between 1188 m and 1222 m. The mining 
activities were concentrated around the western 
part of the mine site. The perimeter of the studied 
area had a high land-terrain with steepness down 
its respective centres. The points on the Sabongida 
Kanar mine site vary in height from 1170 m to 1206 
m, as shown in Figure 3c. The mining activities 
were concentrated around the northern part of the 
mine site, leading to reduction in their heights. The 
perimeter of the studied area had a high land-
terrain with steepness down its respective centres. 
The points on the Kuru Jantar mine site (Figure 3d) 
vary in height between 1236 m and 1274 m. The 
mining activities were concentrated around the 
central and eastern parts of the mine site, resulting 
in their low heights. The perimeter of the studied 
area had a high land-terrain with steepness down 
its respective centres.  
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(a) 1975 

 
(b) 1988 

 
(c): 2001 

 
(d): 2014 

RO  BU  DL  FR  FL  WB  
Figure 2. Classified maps of the studied area for the periods, a) 1975, b)1988, c) 2001 and d) 2014. 

The points on the Bisichi mine site vary in height 
between 1231 m and 1256 m, as shown in Figure 
3e. The mining activities were concentrated around 

the north-western part of the mine site with 
consequence in its low heights. The perimeter of 
the study had a high land-terrain with steepness 
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down its respective centres. The points on the 
Barkin Ladi mine site, shown in Figure 3f, vary in 
height between 1260 m and 1325 m. The mining 
activities were concentrated around the central part 
of the mine site, thereby causing lowering of their 
heights. The perimeter of the studied area had a 
high land-terrain with steepness down its 
respective centres. 

Land degradation and topographic changes, as 
seen in Figure 3 (a-f), are usually accompanied by 
weathering and erosion [49-51]. This could lead to 
erosion. The landscape in Jos is stable and has 
some vegetation. However, for trenching and 
pitting, the techniques used adversely affected the 
landscape [5]. This could further enhance flooding 
within the studied area. The problem of flooding 
must be addressed as it ends with a loss of 

important components of the ecosystem such 
washing away of the top soil, loss of arable 
farmland, and gully erosion to mention a few. All 
these are experienced in the studied area. 

There were several abandoned mine ponds and 
mine spoils in the mine sites. Hence, the landscape 
of the studied area contains lots of dangerous mine 
ponds that have further degraded the area and pose 
imminent danger to both the human and animal 
lives.  

The mined pits left unfilled render the land 
unsuitable for any purpose and become repositories 
for unwholesome water resulting in breeding 
grounds for malaria-infected mosquitoes that pose 
a significant threat to both the human and animal 
lives. 

  
(a) (b) 

  
(c) (b) 

  
(d) (e) 

Figure 3. Digital terrain map of the studied area: a) Rayfield, b) Gero, c) Sabongida Kanar, d) Kuru Jantar, e) 
Bisichi and f) Barkin Ladi mine sites. 
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3.2. Derived Impact of Mining Activities on 
Landuse/Landcover in Studied Area 

The classified maps of the studied area for the 
four periods of 1975, 1988, 2001, and 2014 is 
presented in Figure 2. It was generated from the 
supervised classification of the satellite images.  It 
was categorized into six classes, i.e. degraded land 
(DL), built-up area (BU), water bodies (WB), 
exposed rock outcrop (RO), arable farmland (FL), 
and forest reserve (RO). The data obtained through 
the analysis of multi-temporal satellite imageries is 
diagrammatically illustrated in Figure 4. The 
classified data was subjected to the accuracy 
assessment. The producer’s accuracy, user’s 
accuracy, and overall accuracy were calculated for 
the imageries by generating the error matrices 
(Tables 3-6). The ML classification yielded the 
overall accuracies of 98.55 %, 94.05%, 91.55%, 
and 95.85% for the studied period of 1975, 1988, 
2001, and 2014, respectively (Tables 3-6). The 
results obtained indicated a very high agreement 

with the ground truth as the minimum acceptable 
overall accuracy was 85% [52]. It also conforms 
with the standard accuracy of > 90% for the LULC 
mapping studies recommended by Lea and Curtis 
[53]. 

 
Figure 4. Temporal changes in the distribution of 

different land cover classes in the studied area. 

Table 3. Classification accuracy assessment for year 1975. 

LULC type FOR WB DL FL BU RO Producer’s 
accuracy (%) 

User’s 
accuracy (%) 

FOR 97.60 0.00 1.00 0.60 0.00 0.80 97.6 95.6 
WB 0.00 99.48 0.52 0.00 0.00 0.00 99.48 95.64 
DL 2.40 0.00 97.60 0.00 0.00 0.00 97.6 92.96 
FL 0.00 0.00 0.60 99.40 0.00 0.00 99.4 90.49 
BU 0.00 0.52 0.28 0.00 98.60 0.60 98.6 98.6 
RO 0.00 0.00 0.00 0.00 1.40 98.60 98.6 96.2 

Overall classification accuracy = 98.55% 
 

Table 4. Classification accuracy assessment for Year 1988. 

LULC type WB FOR DL BU RO FL Producer’s 
accuracy (%) 

User’s 
accuracy (%) 

WB 97.20 0.00 0.00 0.00 2.8 0.00 97.2 98.68 
FOR 0.00 95.59 0.00 0.00 4.41 0.00 95.95 96.2 
DL 0.00 0.00 95.6 2.50 1.82 0.00 95.6 94.7 
BU 0.00 0.00 0.62 97.50 1.88 0.00 97.5 90.1 
RO 2.80 4.41 3.70 0.00 83.57 5.52 83.57 98.6 
FL 0.00 0.00 0.00 0.00 5.52 94.48 94.48 88.6 

Overall classification accuracy = 94.05% 
 

Table 5. Classification accuracy assessment for year 2001. 

LULC type FOR WB FL DL RO BU Producer’s 
accuracy (%) 

User’s 
accuracy (%) 

FOR 97.25 0.00 0.56 0.00 2.19 0.00 97.25 90.48 
WB 0.00 96.84 0.00 0.00 3.16 0.00 96.84 91.7 
FL 1.83 0.00 92.74 0.58 4.85 0.00 92.74 91.4 
DL 0.00 0.00 0.00 88.95 0.00 11.05 88.95 91.4 
RO 0.92 3.16 6.70 2.91 85.43 0.88 85.43 96.8 
BU 0.00 0.00 0.00 7.56 4.37 88.07 88.07 95.6 

Overall classification accuracy = 91.55% 
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Table 6. Classification accuracy assessment for year 2014. 

LULC type WB FOR RO BU FL DL Producer’s 
accuracy (%) 

User’s 
accuracy (%) 

WB 100.00 0.00 0.00 0.00 0.00 0.00 100 91.28 
FOR 0.00 95.85 0.65 0.00 3.50 0.00 95.85 95.6 
RO 0.00 3.81 96.19 0.00 0.00 0.00 96.19 91.4 
BU 0.00 0.34 3.07 93.11 0.00 3.48 93.11 91.6 
FL 0.00 0.00 0.09 0.35 96.5 3.06 96.5 97.6 
DL 0.00 0.00 0.00 6.54 0.00 93.46 93.46 95.6 

Overall classification accuracy = 95.85% 
 

3.2.1. Mining Degraded Area  

The degraded land increased from 165.1 km2 

(10.8%) in 1975 to 165.5 km2 (10.9%), 272.9 km2 

(17.9%), and 403.3 km2 (26.5%) in 1988, 2001, and 
2014, respectively (Figure 4). The degraded land is 
as a result of the continuous mining activities in the 
areas.  

The mining activities is known to render land 
bare leading to massive gullies, excessive run-off, 
heavy erosion, reduced soil infiltration, reduction 
in groundwater recharge, and the consequent loss 
of land productivity, as experienced in the studied 
area [5]. This may culminate in the destruction of 
the luxuriant vegetation, bio-diversity, cultural 
sites, and water bodies.  

Erosion could result in the removal of soil 
nutrients, causing siltation; thus leading to 
reduction of land productivity and reduced bio-
diversity, among others. This area is liable to 
erosion as a result of the lack of the existing 
vegetation, the presence of finely dispersed small 
particles, and steep slopes, forming huge gullies 
and pits. The productive arable lands could be 
made barren. 

The exploitation of mineral resources often leads 
to extensive soil degradation through the 
destruction of vegetation and alteration of 
microbial communities, resulting in low soil 
nutrients, fertility, and productivity. Soil 
degradation was caused by erosion, resulting in the 
loss of soil nutrients, organic matter, and damage 
to the properties of soil and crops. 

Mounds of mine wastes in the studied area may 
reduce the quality of the soil resources, as 
stockpiling are known to reduce the soil aerobic 
and anaerobic organisms. Plant propagules may 
die, and populations of useful soil microorganisms 
are reduced significantly. The process of 
stockpiling also generates heat that kills some soil-
beneficial organisms that cannot survive such high 
temperatures. Most mining sites in the studied area 
exhibit low pH and low levels of soil 
macronutrients such as nitrogen and phosphorus 
that are necessary for crop production [5]. 

3.2.2. Water Body  

The area covered by water bodies increased from 
13.6 km2 (0.89%) in 1975 to 13.7 km2 (0.90%), 
14.0 km2 (0.92%), and 14.5 km2 (0.95%) in 1988, 
2001, and 2014, respectively (Figure 4). The area 
covered by water increased with increase in the 
total area of land degraded by the mining activities 
in the studied area from 1975 to 2014.  

Mining ponds occuring due to abandoned open-
pit mines could enhance erosion. Such ponds often 
contain waste that make them unable to support 
any form of life. There could be leaching of excess 
quantities of major and trace elements when 
compared to the World Health Organization 
(WHO) drinking water standards; thereby, making 
the water unwholesome. There are cases of 
accidents in the studied area as these ponds that are 
not fenced have a close proximity to the populated 
areas. The most devastating effect of this is the 
surface and groundwater pollution. The current 
search for gemstones in the studied area has further 
increased the devastation of the environment since 
pits and trenches are dug in search for the 
pegmatite containing gemstones. 

3.2.3. Built-up/Developed Area  
The developed area increased from 24.6 km2 

(1.62%) in 1975 to 39.5 km2 (2.59%), 45.8 km2 

(3.0%), and 96 km2 (6.3%) in 1988, 2001, and 
2014, respectively (Figure 4). This increase in the 
developed area indicates that mining has brought 
development to the studied area. This increase may 
either imply that the mining activities did not only 
lead to the socio-economic improvement of the 
practitioners but also led to migration into the 
studied area and development of the studied area or 
simply followed from increase in population in the 
surrounding communities.  

3.2.4. Cultivated Land  

The cultivated farmlands decreased from 924.6 
km2 (60.87%) in 1975 to 893.7 km2 (58.68%), 
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817.8 km2 (53.7%), and 496.2 km2 (32.6%) in 
1988, 2001, and 2014, respectively (Figure 4). This 
decrease in the area covered by cultivated farmland 
is as a result of loss of arable farmland and soil 
nutrients owing to the mining activities in the 
studied area.  

The impact of mining in the studied area revealed 
that mining removed vegetation and topsoil, and 
often resulted in an inevitable loss of farmland 
permanently. Important soil organisms could have 
been destroyed and stable soil aggregates 
disrupted, and eventually, depriving the soil of 
organic matter and low levels of macronutrients 
and soil fertility necessary for plant growth and 
crop production. These soils or newly created 
substrates/growth are often inhospitable to 
vegetation due to a combination of the physical, 
chemical, and microbiological factors [54]. This 
inevitably leads to pending food insecurity in the 
long run. 

3.2.5. Forest  
The forested region of the studied area decreased 

from 174.8 km2 (11.5%) in 1975 to 173.1 km2 

(11.4%), 114 km2 (7.5%), and 74.2 km2 (4.9%) in 
1988, 2001, and 2014, respectively (Figure 4). The 
expansion of mining pits required clearing of the 
vegetation around them resulting in deforestation.  

The natural ecology was greatly impacted by 
deforestation, and the mine sites became prone to 
erosion due to the lack of vegetation in the areas. 
The results obtained showed that surface mining 
resulted in deforestation, a substantial loss of 
farmland, and widespread spill-over effects as 
relocated farmers expanded farmlands into forests. 
This point to rapidly erode livelihood foundations 
suggest that the environmental and social costs of 
tin mining in the studied area may be much higher 
than previously thought. Mining had resulted in 
extensive land cover changes, leading to the loss of 
forests and farmlands. Mining in the studied area 
appears to displace farmers, thereby, triggering 
increased deforestation, agricultural 
intensification, and land degradation. Thus it may 
have additional, substantial indirect social, and 
environmental cost in addition to the direct costs of 
mining that are widely known. The farmland 
displacement due to mining in the studied area may 
exert additional pressure on the remaining forests 
outside concessions. Mining may be the principal 
driver of forest and farmland loss in the studied 
area. 

 

3.2.6. Rock outcrop  
The area covered by the exposed rock surface 

increased from 217.9 km2 (14.3%) in 1975 to 237.5 
km2 (15.6%), 258.5 km2 (17%), and 691.3 km2 

(45.4%) in 1988, 2001, and 2014, respectively 
(Figure 4). This increase is as a result of the mining 
activities and the resultant deforestation in the 
studied area. 

4. Recommendation for restoration and 
sustainable mining operation 

In the developing countries (like Nigeria), the 
mining operations, most especially small-scale 
miming had caused serious damages to the 
environment due to the reduction of forest cover, 
land degradation, air and water pollution, and 
ultimately, reduction in bio-diversity. Surface 
mining, for example, removes vegetation and soils, 
interrupts ecosystem service flows, and results in 
an inevitable and often permanent farmland loss. 
The presence of scores of mine pits in the areas 
where mining activities were concentrated, which 
were often filled with water, could host pathogens 
(disease causing agents) as well as pose hazards to 
the human and animal lives. As such, there is, 
therefore, a need for a proper restoration of the 
minefields to reduce the existing hazards and 
prevent further environmental degradation.  

Mining operations, though an indispensable 
economic activity, require an effective 
management (monitoring, control, and restoration) 
to curb the undesirable environmental degradation. 
In order to minimize the damage caused by mining 
operations, there is a need for a well laid down 
rules and regulations to guide the mining 
operations. The mining companies and small-scale 
miners must be aware of the potential impacts of 
their activities, and the laws enforcing them to plan 
and execute strategies to have positive net 
outcomes that are sustainable in the long run must 
be enacted. To effect these laws and combat 
indiscriminate mining activities, measures should 
be taken to encourage accountability and 
transparency among the government officials who 
are saddled with these responsibilities. Due to the 
remoteness of mining locations, the government 
officials are liable to bend established laws through 
the collection of funds outside their functions as the 
government representatives. Such activities are 
counter-productive and destroy the creed of 
sustainable development. However, if the 
government could enforce accountability for all 
payments among its representatives, these 
activities can be curtailed.  
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Furthermore, in the areas already degraded, 
reclamation of the devastated land that is an 
important component of restoration could facilitate 
the socio-economic development of the area. The 
ponded pits should, therefore, be reclaimed after 
they are dewatered. This will create useful 
landscape and productive ecosystems from the 
devastated mine land. The back-filling method of 
reclamation is mostly suggested except in pits that 
are excavated in benches (layers), where the 
terracing reclamation method will be suitable. 

However, not all the pits can be reclaimed due to 
the volume of the earth materials that would be 
required. Some ponds can, therefore, be put to 
economic use such as the recreation activities, 
agriculture (irrigation and aquaculture), and water 
supply for domestic and industrial purposes after 
the water had been treated and the quality 
ascertained.  

Revegetation is also suggested to preserve the 
recovered arable farmlands, while afforestation is 
recommended to increase the forest in the area. A 
proper afforestation scheme with adequate plan 
will not only preserve the forest but also the 
wildlife therein.  

5. Conclusinns 
A geo-environmental evaluation of the mine sites 

in the Jos area was carried out. The digital terrain 
map produced in this work revealed that the mining 
activities were concentrated around the central part 
of the studied area, resulting in their low 
elevations. The edges of the studied area had high 
land-terrains with steepness down their respective 
centres. The results obtained show that out of the 
1,523 km2 total size of the studied area, the 
degraded area/land, built-up area, water bodies, 
and exposed rock outcrop increased by 238.2 km2 

(15.68%), 71.4 km2 (4.68%), 0.9 km2 (0.06%), and 
220.9 km2 (14.5%), respectively, and the arable 
farmland and forest reserve decreased by 430.8 
km2 (28.29%) and 100.6 km2 (6.63%), respectively. 
The source of livelihood of the local residents is 
mostly farming. Thus it was established that 
mining of tin and the associated minerals in the 
studied area had resulted in a high degree of 
degradation of arable land, forest, and landscape as 
well as other environmental problems.  

Mining has greatly affected the natural ecology, 
and therefore, the mine sites should be monitored, 
and their environmental damages should be 
determined and mitigated. There should be regular 
inspections to keep these activities under control. 

It is also recommended that there should be an 
effective community participation in the 
environmental decision-making to ensure 
sustainable mining activities; easing of the 
registration process for small-scale mines; 
addressing the various weaknesses in the policies 
and their enforcement in the mining sector; 
establishment of environmental oversight groups in 
the mining communities; and creating 
environmental awareness campaigns and/or 
education in the mining communities. 
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  چکیده:

و  نیاستخراج معادن بر زم ریتأث نییکار تع نیگزارش شده است. هدف از ا هیجری، نپالتو التیدر ا یمنتخب معدن يهاتیاز سا یمکان یابیارز کی، مقاله نیدر ا
شده است. عوامل موثر بر  ادهاستف )SRTM(از رادار شاتل  نیزم ينقشه بردار ياست. برا زبانیدر جوامع م )LULC( نیپوشش زم و نیاستفاده از زم نیهمچن

نشان دهنده آن  نیزم تالیجیشود. نقشه دیم نییتع Landsatمربوط به  ریتصاو يبا طبقه بند 2014و  1975 يهاسال نیب LULCاستخراج معادن در  ریتاث
مورد نظر هستند با عمق کم استخراج  یاز مواد معدن یمعدن که غن يهاتیاز سا ییها. قسمتستیهماهنگ ن رامونیپ طیمح اب یاستخراج به خوب تیاست که فعال

دهد که ینشان م LULC رییتغ لیو تحل هیهستند. تجز شتریبا ارتفاع ب ینیزم يدارا یتصادف يکارمعدن تیفعال جهیدر نت گرید يهاکه قسمت ی، در حالشوندیم
، یافته است شیافزا 5/14و %06/0، %68/4، %68/15%بیبه ترت )RO(رخنمون سنگ و )WB(ها ، پساب )BU(، منطقه ساخته شده  )DL(شده  بیتخر نیزم

 یعیطب ستیز طیبر مح ياست. معدنکار افتهی کاهش 63/6% و 28/29% بیبه ترت )FR(جنگل  رهیو ذخ )FL(قابل کشت  یزراع يهانیزم زانیکه م یدر حال
شده و کاهش  نییاز قبل تع دیآنها با یطیمح ستیز يهابیو آس رندیتحت نظر قرار گ دیمعدن با يهاتی، سانیگذاشته است. بنابرا یمنف ریمنطقه مورد مطالعه تأث

محدود  يبرا دیبا زبانیجوامع م یعیطب يهاستمیحفاظت از اکوس يو مقررات موجود برا نی. قوانردیصورت گ یمرتباً بازرس دیها باتیفعال نیکنترل ا ي. براابدی
 نیکند و همچنیم يریجلوگ ستیز طیمح شتریب بیکاهش خطرات موجود از تخر يبرا یمعدن يهانیزم ياجرا شود. بازساز یمعدن عیصنا بردارانکردن مازاد بهره 

 شود.یم شنهادیپ زیمنطقه ن ياقتصاد - یتوسعه اجتماع لیتسه

  .بندي، طبقهSRTM ،LULCجغرافیا، زمین،  کلمات کلیدي:
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