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Abstract  Gemstone mining involves the removal of 

vegetation and soil, which disrupts the flow of ecosystem 

services and leads to inevitable and often permanent 

conflicts related to land use/land cover (LULC) and 

species diversity. Addressing these conflicts, this study 

uses Komu gemstone mining areas as a case study. A 

Digital Terrain Model (DTM) was created using a pair of 

images collected by a satellite to generate surface analysis 

models with the help of ArcGIS 10.3 software. Landsat 

satellite imagery for the years 1990, 2000, 2010, and 2020, 

sourced from the United States Geological Survey 

(USGS), was adopted to examine LULC changes. The 

species diversity was studied using the quadrats method, 

which involved constructing wire square frames of size 

0.25 m2 that were later divided into equal quadrats of size 

5 by 5 cm. The DTM indicated that the peak elevation on 

the sites was 31.5 m, whereas the lowest point was 20.5 m 

above the reference level. The surface assessment of the 

investigation site demonstrates that Komu Community is 

an elevated locality with a gradual-to-level gradient, rising 

35 meters above mean sea level. The vegetation covered 

616.98 km2 in 2000 but was reduced to 571.88 km2 in 

2020, whereas the built-up zone expanded from 57.04 km2 

to 94.44 km2 in 2000 and 2020, respectively. The area 

covered by water was 0.06 km2 in 1990; however, by 

2000, it had increased to 16.24 km2, fluctuated to 16.65 

km2 in 2010, and then expanded to 17.33 km2 in 2020. 

However, the species diversity was evaluated to be 0.08, 

with a complete sum of 293 classifications existing in all 

the quadrants. The research concluded that the continuous 

mining of gemstones in the study area is attributable to the 

incessant degradation of vegetation, increased built-up 

areas, and water bodies, which negatively impact species 

diversity. 

Keywords  Gemstone Mining, Land Use/Land Cover, 

Digital Terrain Model, Species Diversity 

1. Introduction

According to UNEP [1], the mining industry is set to 

experience substantial growth in the next three decades and 

is a crucial factor in national economic development 

forecasts, which will result in significant transformations. 

Therefore, to ensure sustainable mining practices, mining 

companies must recognize and appreciate the significance 

of land use and land cover for their long-term operations 

and local communities. Mining activities and related 

actions have led to land-use and land-cover changes 

worldwide, with some instances resulting in severe 

consequences for natural resources [2,3]. Negative impacts 

on land use and land cover (LULC) as a result of mining 

operations may arise at various mining stages, including 

land degradation [4,5], deforestation [6,7], loss of 

biodiversity [8-10], and displacement of livelihoods 

[11,12]. 
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Recent research has utilized several methods to generate 

DTM to monitor and evaluate the impact of human 

activities worldwide [13-15]. The DTM provides data that 

can be used to determine changes in LULC and surface 

biophysical properties [16-18]. For instance, Uddin and 

Kumar [19] found that the level of expansion in the coal 

field of the Jharia mining region was 81.72% from 1999–

2009, while the proportion of expansion was 14.20% from 

2009–2015. Gbedzi et al. [20] reported that mining 

activities caused significant alterations in Ghana's Asutifi 

North District, where there was a reduction of 11.47% in 

forest cover and agriculture land use increased twofold 

from 12.13-24.06% between 2000 and 2020. Qian et al. [21] 

discovered that mining activities had caused extensive 

degradation on the southerly slope of the Mountains of 

Qilian, which resulted in the decline of wetlands, meadows, 

and grassland areas. In order to investigate the connection 

between changes in land use and land cover (LULC) in the 

mining region of Weishan County, Chang [22] used a 

logistic regression model and reported that there was a 

trend toward an increase in agrarian land and water bodies. 

Obodai et al. [23] established that mining activities were 

the primary cause of forest loss in the river basin of 

Ankobra, Ghana, in 2008 and 2016. Firozjaei et al. [7] 

reported that the green vegetation cover in Sungun mine, 

Iran, had decreased from 9.95 km2 in 1989 to 5.9 km2 in 

2019 based on the growth and advancement of mining 

operations. Cetin et al. [24] approximated that the 

Altintepe Gold Mine, Ordu, Turkey, resulted in the 

destruction of 109.85 ha of woodland and 5.30 ha of 

farmland, causing damage of 4450.82 tons of SOC. 

Various methods have been employed to ascertain the 

physical characteristics of the contour mapping of the 

earth's surface that are impacted by mining operations 

(alterations in land use and cover). These methods include 

contouring from cross-sections, interpolation from spot 

heights, tracing manually or automatically, and the use of a 

digital terrain model (DTM) [25,26]. For this study, the 

DTM method was chosen due to its high level of detail and 

accuracy, ease of processing and manipulation using 

specialized software and algorithms, ease of integration 

and visualization with other spatial data, and ease of 

updating and modification as new data becomes available. 

The measure of environmental pressure can be 

determined by the land directly occupied by mining 

activities, which is a crucial element linked to the 

fragmentation, degradation, and loss of species diversity 

[3,27,28]. The diversity of species comprises a wide range 

of living things, from microorganisms and fungi to rare 

flora, lemurs, and sharks, as well as whole ecologies, all of 

which are necessary for the survival of mining companies 

and other industries [1]. Although mining contributes to 

national development, poorly managed mining practices 

have adverse effects on species diversity that are 

responsible for supporting economies [1,29]. The species 

diversity is affected by mining operations to various 

degrees, encompassing both direct factors (such as 

landscape, regional, and global factors) and indirect factors 

(like industries that facilitate mining activities and external 

parties which obtain entry to areas of high species diversity 

due to mining). As mining companies operate in all major 

species diversity areas where mineral resources are 

available, mining and management are likely to become 

more challenging as populations of people grow with 

technological advancements [30,31]. As a result, the 

integration of species diversity into the energy and mining 

industries has become a crucial topic in discussions among 

governments regarding the post-2020 Strategic Plan for 

Biodiversity [32,33]. Mining companies are financially 

motivated to minimize the impact of their operations on 

species diversity [34,35] but they lack the necessary 

resources, guidance and assistance from key stakeholders 

to effectively achieve desired outcomes [33]. However, 

conservation organizations need a broad understanding of 

the extent of mining threats and the full range of potential 

management solutions [36,37]. 

On the effects of mining on species diversity at the site 

level, few studies have been done, primarily on the 

destruction and deterioration of habitats [38–40]. The 

studies conducted on a larger scale across landscape 

regions concentrated on the direct and indirect 

consequences of chemical and physical waste discharge 

from mining, including dust and aerosols [39,41-43]. As a 

result of insufficient scientific literature on the impact of 

mining on species diversity, it is necessary to study the 

potential effects of mining operations on LULC and 

species diversity classifications when managing mine sites, 

especially when mining has a direct impact on nearby 

communities that rely on ecosystem services that may be 

disrupted by mining operations. Therefore, this study 

provides elevation data in addition to other topographic 

data for the study area, including data about land 

cover/land change, hill shade and relief surface, contour 

lines, and slopes by adopting DTM. In addition, the study 

area's species diversity distribution was assessed. This 

study will be helpful in understanding and proposing 

solutions to the risks that mining operations pose to LULC 

changes and the distribution of species diversity in order to 

preserve good ties between the mining industry and the 

surrounding environment.  

2. Materials and Methods 

2.1. Study Area 

Komu gemstone mine is sited in Komu Community, 

within the Itesiwaju Local Government Area of Oyo State, 

Nigeria. The mine site's geographical coordinates fall 

within the latitude 8° 14' 0" North and longitude 3° 12' 0" 

East, covering an area of 1,348 square kilometers, as 

shown in Figure 1. The region boasts a vast expanse of 

land that can be utilized for agriculture, institutional 

purposes, and other activities. The study area has a hot 
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climate, with the rainy season starting in April and ending 

in early October, while the dry period starts from 

November to March. The mean yearly temperatures range 

from 28°C to 35°C, and the average yearly precipitation is 

estimated to be between 1,125 mm in the savannah and 

1,75 mm in the rainforest zone. The area is located within 

the Precambrian Basement Complex of Nigeria, renowned 

for its abundance of pegmatite. The mining of gemstones 

in the community has brought about development and 

alleviated unemployment among the people, albeit at the 

cost of significant soil degradation and ecological 

biodiversity loss. 

Figure 1.  Map showing the Study Area 
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2.2. Development of Digital Terrain Model (DTM)a 

According to Lakshmi and Yarrakula [26], the 

resolution of the satellite sensor, the type of terrain, and 

the methods used to process the DTM image are some of 

the factors that determine how DTM is generated. For the 

purpose of creating DTMs, Sharma et al. [25] outline that 

contour lines, topographic maps, field surveys, 

photogrammetry methods, high-resolution satellite images, 

interpolation methods, radar interferometry, and laser 

altimetry are all required. This is owing to its high level of 

accuracy and detail, which overcomes the limitations of 

other methods, but its high cost makes it difficult to use in 

many studies. 

In this study, a series of satellite images of a particular 

ground area were taken from various angles to produce a 

3D view, which was then used to develop the DTM by 

entering the values of data collected using GPS from 

ground control points. On the basis of control points, the 

accuracy of the DTM produced from high-resolution 

satellite images was assessed. The sampling density, grid 

resolution, and pixel size were used to assess the DTM's 

quality. Software such as Sufer 9, Mapsource, and 

Microsoft Excel spreadsheets were utilized to recognize 

corresponding features in both images, and a 3D position 

was determined by computing the geometric correlation 

between the images. Meanwhile, ArcGIS 10.3 software 

was employed to generate models for surface analysis 

such as hill shading, slope, and contour. 

2.3. Determination of Land Use and Land Cover 

(LULC) Changes 

This study utilized Landsat 4, 7, and 8 satellite imagery 

for mapping land use and land cover (LULC), as indicated 

in Table 1. The georeference of GeoTiff-format images to 

the World Geodetic Structure (WGS84) datum was 

projected using the Universal Transverse Mercator (UTM) 

system. The selection of satellite images from the period 

1990–2020 was centered on the criteria of cloudless 

coverage and no precipitation in the three days preceding 

the route of the satellite. False-color composite images 

from Google Earth and Landsat were used to train, 

analyze, and inspect the data obtained from image 

arrangement and precision evaluation of the obtained 

LULC maps. 

Table 1.  Landsat Images used for the Study  

Satellite Source Sensor Path Row Acquisition Date 

Landsat 4 USGS TM 191 54 27 December 1990 

Landsat 7 USGS ETM+ 191 54 06 February 2000 

Landsat 7 USGS ETM+ 191 54 16 January 2010 

Landsat 8 USGS OLI 191 51 05 February 2020 

The homogeneity distance classification algorithm 

(HDCA) and the optical bands of Landsat images were 

used to extract LULC changes from 1990–2020. The 

LULC categories investigated areas included vegetation, 

bare land or mines, built-up areas, and water bodies. The 

satellite images were classified using HDCA, following 

the procedure outlined by Firozjaei et al. [7]. The total 

accuracy and kappa index were calculated using the 

methodology suggested by Fonte [44] and Tewabe and 

Fentahun [45] to assess the accuracy of the classification 

of land use and land cover (LULC). The resulting LULC 

maps and coverage area for each category were taken for 

the years 1990, 2000, 2010, and 2020. A descriptive 

statistical method was utilized to carry out a comparative 

evaluation of land use and land cover (LULC) changes for 

different years. Figure 2 shows a graphic chart of land 

cover change. 

 

Figure 2.  Graphic chart of land cover change 

2.4. Species Diversity Classification 

The species diversity considered in this study focuses 

on the plants and the microorganism structure of the soil. 

The quadrat method was adopted for the study by 

constructing square frames of wire with sizes of 0.25 m2. 

The square frame wire was further divided into smaller 

squares or quadrats labeled Q1-Q10 of sizes 5 by 5 cm2, 

which were placed on the soil where plants and other 

slow-moving animals were examined. A total of nineteen 

(19) species labeled SP1-SP19 were identified in the field, 

while the total number of individual species that were 

experimented with was two hundred and forty-two (242). 

3. Results and Discussion  
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3.1. Digital Terrain Model (DTM) and Surface 

Analyses 

The elevation analysis of the study area revealed that 

the mining site has relatively gentle slopes. The highest 

point on the site was 31.5 m above the datum, which lies 

in the western part of the site, while the lowest point was 

20.5 m above the datum, which lies in the eastern part of 

the site. Comparing the results with previous studies, it 

found that the rough mountainous area of Kentucky, USA, 

in a rural watershed dominated by coal mines, has a 

higher elevation ranging from 335 m to 960 m above the 

datum [46]. The elevation analysis also shows that the site 

has been susceptible to mining and excavations over the 

years, as presented in Figure 3a. 

Figure 3b presents a hill shade and relief surface 

analysis of the study area, which shows that Komu 

Community is mainly an upland zone, rising above 35 

meters above sea level. Abuja Leather Town, which is 

located within the geographical setting of the Komu 

community, lies within an area underlain by metamorphic 

rock of the basement complex. The terrain is 

predominantly undulating, with a distinct topography 

comprising ancient plains intersected by steep-sided 

domes of rock formations in clusters. The figure shows 

that the study area is essentially a gentle undulating to flat 

land of high relief with a few geomorphologic features in 

the form of small residual hills that dotted the landscape. 

In addition, the topography comprises a valley landscape 

eastward, with a relatively high relief landscape westward 

that traverses the west-east segment of the study area. 

Slope analysis shows the degree to which an area is 

level or inclined. Figure 3c highlights that the slope of the 

study area ranges from a gentle slope to flat land, except 

for a few noticeable rocks and high elevations cutting 

across north-southward of the investigated area. Based on 

this, there is no area that can be regarded as steep, and this 

is responsible for smooth mining activities within the 

study area. 

Contour line analysis presents marks of equal elevation 

on a map. Figure 3d shows the points of the same height 

above sea level across the investigated area. The figure 

shows that even at the same elevation, the whole hike 

does not travel up or down. The closer the distance 

between these points of elevation, the faster the flow of 

liquid and the weaker the soil and rock in the area. 

 

Figure 3a.  3D View of the study area  
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Figure 3b.  Hill shape and relief analysis of the study area  

 

Figure 3c.  Slope analysis of the study area  
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Figure 3d.  Contour line analysis of the study area  

3.2. Land Use/Land Cover (LULC) Changes 

Figure 4a presents baseline information for the year 

(1990) of the investigated area. The entire area of LULC 

in 1990 was estimated to be 1364.69 km2, of which 

vegetation covered the largest area of 689.36 km2 

(50.51%). The built-up area covered 35.29 km2 (2.59%) 

while the water body that bound the eastward areas 

covered 0.06 km2 which is equivalent to 0.004%. Based 

on the findings, vegetation predominates in the 

investigated area, with a percentage of 50.51 percent, 

which is favorable for agriculture. The land was covered 

with a wide variety of trees, bushes, and creatures. In line 

with the study's findings, Gbedzi et al. [20] published data 

for the base year 2004 that showed Ghana's Asutifi North 

District had the highest percentage of vegetation coverage 

at 37 percent. Additionally, Gyawali et al. [46] reported 

that the rural Kentucky coal-mine-dominated watershed 

had a 90.88 percent forest cover. This implies that most of 

the pre-mining areas are typically covered by vegetation. 

Land cover classification maps for the years 2000 to 

2020 are shown in Figures 4(b-d). The vegetation covered 

616.98 km2 in 2000 but was reduced to 571.88 km2 in 

2020. The 48.10 km2 of lost vegetation resulted in an 

expansion of agrarian land. As a result of mining 

operations, the built-up area rose from 57.04 km2 in 2000 

to 94.44 km2 in 2020. Prior to the start of mining 

operations in 1994, the water body covered 0.06 km2; 

however, by 2000, it had increased to 16.24 km2, 

fluctuated to 16.65 km2 in 2010, and then increased to 

17.33 km2 in 2020. Similar patterns can be seen in 

pre-mining activities, where bare land increased from 

639.98 km2 in 1990 to 674.43 km2 in 2000. After that, the 

size of the bare areas increased, reaching 689.74 km2 in 

2010 before slightly declining to 680.98 km2 in 2020. 

Takam et al. [47] reported a similar result, where the 

forest cover in the Solwezi copper mining area of Zambia 

rapidly decreased from 82.32% - 1.88%, while the 

built-up area rose from 2.04% in 1995 - 4.9% and the 

mine area rose from 0.02% - 1.43%. Olorunfemi et al. [48] 

collaborate on the findings by estimating that in Ekiti 

State, there was a rise in the proportion of built-up regions, 

bare lands, and water bodies, respectively. The findings 

indicated a continuous decline in vegetation and a rise in 

built-up regions and water bodies as a result of mining 

and development activities in the study area. 
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Figure 4a.  LULC for Year (1990)  

 

Figure 4b.  LULC for Year (2000) 
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Figure 4c.  LULC for Year (2010) 

 

Figure 4d.  LULC for Year (2020) 
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The land cover classification percentages from 1990–

2020 are contrasted in Figure 5. As presented in the graph, 

there was a reduction in the amount of vegetation covered 

by 50.51 percent in 1990, 45.21 percent in 2000, 42.64 

percent in 2010, and 41.91 percent in 2020. The depletion 

of vegetation cover is a result of the development of 

gemstone mining and building construction, which has 

resulted in the conversion of forest areas into arid land. 

The mining/bare land area increased from 46.90 percent in 

1990 to 50.54 percent in 2010, and then experienced a 

slight decline to 49.90 percent in 2020. In contrast to the 

water body, which saw an increase of 0.00 percent from 

1990 to 1.27 percent in 2020, the build-up increased from 

2.59 percent in 1990 to 6.92 percent. The study’s results 

are in line with past studies [49] that found clear-cutting 

of forests results in LULC changes that increase buildup, 

which in turn increases the number of water bodies and 

flood events. Also, the historical impacts of LULC change 

on water bodies have been documented in studies from 

the literature in the Kentucky River Basin [50], Reedy 

Fork-Buffalo Creek Watershed in North Carolina [51], 

Raccoon River Watershed in Iowa [52], Little River 

Watershed in Tennessee [53], and Watershed of the 

Raccoon River in Iowa [52]. 

 

Figure 5.  Percentages of LULC Changes  

3.3. Analysis of Species Diversity Classification 

Table 2 presents th0e distribution of species (SP) in 

each of the quadrats (Q). The total number of species in 

all the quadrats was 293; however, the cumulative species 

calculated for each quadrat were 5 species in Q1; 8 

species in Q2; 11 species in Q3; 13 species in Q4; 14 

species in Q5; 20 species in Q6; 24 species in Q7; 28 

species in Q8; 29 species in Q9; and 32 species in Q10. 

Table 2.  Distribution of species diversity in each quadrat 

  
QUADRAT 

T
.S

P
 

N
.Q

/S
P

 

Q
1

 

Q
2

 

Q
3

 

Q
4

 

Q
5

 

Q
6

 

Q
7

 

Q
8

 

Q
9

 

Q
1

0
 

S
P

E
C

IE
S

 

SP1 0 1 0 0 0 1 0 2 0 1 5 4 

SP2 0 0 0 1 0 7 9 3 2 7 29 6 

SP3 0 0 0 0 0 1 0 0 0 0 1 1 

SP4 0 0 1 0 0 0 0 0 2 1 4 3 

SP5 15 15 15 17 18 0 0 0 0 0 80 5 

SP6 3 4 5 6 5 5 1 3 5 3 40 10 

SP7 0 0 0 0 0 0 0 1 0 0 1 1 

SP8 1 0 0 0 2 0 1 0 0 0 4 3 

SP9 0 0 0 0 0 1 0 0 0 0 1 1 

SP10 0 0 0 1 2 0 0 9 3 1 16 5 

SP11 0 0 0 0 0 0 1 0 0 0 1 1 

SP12 8 9 10 13 9 0 0 0 0 0 49 5 

SP13 0 0 2 0 0 1 0 0 0 0 3 2 

SP14 0 0 0 0 0 0 1 0 0 0 1 1 

SP15 0 0 1 1 1 0 6 6 1 0 16 6 

SP16 0 7 9 11 6 0 0 0 0 1 34 5 

SP17 0 1 0 0 0 0 0 1 1 0 3 3 

SP18 0 0 0 0 0 1 0 0 0 0 1 1 

SP19 0 0 0 0 0 2 1 0 0 1 4 3 

T.SP/Q 5 6 7 7 7 8 7 7 6 7 
  

C.SP 5 8 11 13 14 20 24 28 29 32     

SP – specie, Q – qudrat, T.SP – total species, T.SP/Q – total species in each quadrat, N.Q/SP – number of quadrats containing each specie and 
C.SP – cumulative species 



 Universal Journal of Geoscience 10(2): 13-26, 2023 23 

 

Figure 6a presents the total number of species in each 

quadrat (Q), with Q1 having a total of 27 species, Q2 

having 37 species, Q3 and Q5 having 43 species, Q4 

having 50 species, Q6 having 19 species, Q7 having 20 

species, Q8 having 25 species, Q9 having 14 species, and 

Q10 having 15 species.  

 

Figure 6a.  Total number of species per quadrat  

Figure 6b shows the different species types and the 

total number of quadrats where each species was found. 

Type 1 species were found in 4 quadrats; type 2 and 15 

species in 6; type 3, 7, 9, 11, 14, and 18 species in 1; type 

4, and 19 species in 3; type 5, 10, and 12 species in 5; 

type 6 species are present in all quadrats; type 13 species 

in 2; and type 17 species in 4 quadrats. 

 

Figure 6b.  Types of species with quadrats  

Figure 6c, on the other hand, lists the species' types and 

total numbers in quadrats Q1 - Q10, including 5 species of 

type 1; 29 species of type 2; 1 species of type 3; 4 species 

of type 4; 80 species of type 5; 40 species of type 6; 1 

species of type 7; 4 species of type 8; 1 species of type 9; 

16 species of type 10; 1 species of type 11; 49 species of 

type 12; 3 species of type 13; 1 species of type 14; 16 

species of type 15; and 34 species of type 16. 

 

Figure 6c.  Types of species and their numbers in quadrats  

4. Conclusions 

The study used the Komu gemstone mining site in 

Nigeria as a case study to assess the operational effect of 

mining activities on land use/land cover (LULC) changes 

and species diversity. The results of the digital terrain 

model (DTM) revealed that the highest point on the site 

was 31.5 m above the datum, which lies in the western 

part of the site, while the lowest point was 20.5 m above 

the datum, which lies in the eastern part of the site. The 

hill shade and relief surface analysis of the study area 

shows that Komu Community is mainly an upland zone, 

rising above 35 meters above sea level. The slope of the 

area ranges from a gentle slope to flat land, except for a 

few noticeable rocks and high elevations cutting across 

north-southward of the investigated area. The total LULC 

for the year 1990 was estimated to be 1364.69 km2, with 

vegetation covering the largest area of 689.36 km2, while 

616.98 km2, 581.88 km2, and 571.88 km2 were covered by 

vegetation in the years 2000, 2010, and 2020, respectively. 

The built-up region rose from 57.04 km2 in 2000 to 94.44 

km2 in 2020. The area covered by the water was 0.06 km2 

in 1990; however, by 2000, it had increased to 16.24 km2, 

fluctuated to 16.65 km2 in 2010, and expanded to 17.33 

km2 in 2020. The analysis of species diversity presents a 

total of 293 species in all the quadrats, with quadrant (Q4) 

having the highest species (50), while quadrats (Q6) have 

the lowest species (19). The investigation concluded that 

the continuous loss of vegetation with an expansion in the 

built-up area and areas of water covered across the 

investigated region is the cause of the ongoing gemstone 

mining, which involves the construction of physical 

structures, deforestation, soil excavation, and other 

activities. Thus, additional research is required to 

determine how gemstone mining affects the classification 

of identified species throughout the study region. 
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