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ABSTRACT   

Evaluation of terrain in part of Ilesa Schist-Belt, Southwestern Nigeria was carried out using 

remotely sensed data. This study is aimed at using the terrain features to explain geological condition 

and erosion prone zones of the Schist Belt area. Land-sat ETM+7, topographical maps and geological 

map of the area were acquired and processed using ILWIS 3.1 software. Processing methods such as 

contrast stretching, sub-sampling, colour compositing, linear/edge enhancement, directional filtering 

were applied to the image to improve and enhance the image for better visualization. The degree of 

slopes was analysed from the topographical maps. Terrain features such as topography, vegetation, 

and drainage pattern observed in the satellite image were overlaid with the geologic map. The geology 

of the area revealed that the underlain rocks are granite gneiss, muscovite-schist, quartzite and 

migmatite. The drainage patterns identified are dendritic, parallel and trellis which signifies that the 

underlain rock is highly weathered and fractured. The nature of rock types, drainage pattern and 

degree of slope suggests non-uniform resistance of the terrain to erosion. It is evident that the extent of 

the existing gully and the high potential of erosion occurring in part of Ilesa Schist-Belt area are due to 

the low resistance of the subsurface rock to erosion as inferred from the evaluation of the remotely 

sensed data. 
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1.  INTRODUCTION 
 

Assessment of the performance of the terrain for specific developmental activities can 

be made through terrain evaluation. For this, terrain information can be acquired through 

comprehensive field mapping and remotely sense data to present the spatial distribution of 

terrain characteristics. Terrain evaluation is to provide the geologists with a reliable estimate 

of the effect of natural disaster such as landslides, rock falls, erosion prone areas and 

earthquake zones on the terrain. 

Remote sensing offers visual perspective capability, accentuation of terrain features and 

application of the three-dimensional (3D) analysis system. Consequently, terrain features 

analysis, evaluation and interpretation is a technique for mapping and predicting a land for 

natural hazard assessment and groundwater potential evaluation (Koch and Mather 1997, 

Degnon et al. 2001) and hydrocarbon assessment (Fraser et al. 1997). Various studies have 

been reported across the world, illustrating the application of remote sensing in the evaluation 

and analysis of terrain features such as landform, soil variation, vegetation alignment, rock 

outcrops, faults and water resources. In this present study, the remotely sensed data has been 

used to analysis the terrain conditions around Ilesa schist belt in order to evaluate its influence 

on erosion potential.  This method has advantage of covering large and inaccessible areas 

within short time to understand the erosion potential and assess the erosion risk, slope 

stability characteristics, vegetation properties and fault pattern. 

 

 

2.  LOCATION AND ACCESSIBILITY OF THE STUDY AREA  
 

The study area is located in part of Osun State and Ekiti state, southwestern Nigeria. It 

is located between longitude 7° 29’ 00” N to 7° 42’ 00” N and latitudes 4° 38’ 00” E to 4° 59’ 

00’E covering an area extent of 954.65 km². Some major towns in the area include Ilesa, 

Iloko, Ijedda, Iwaraja, Okemesi, Esaoke, Efon Alaaye, Ikogosi, Erinmo and Ipole which are 

shown on the location map (see Fig. 1). The area is generally accessible through a good 

network of all seasonal roads and motorable tracks which link it with other parts of the 

country. Also, villages and towns are interconnected with footpaths. 

 

3.  PHYSIOGRAPHIC SETTING 

 

The physiographic settings of the area of study include the climate, drainage pattern, 

topography, and vegetation. The topography is gentle in some areas with water divide in the 

northeastern and southeastern part. 

The area is well drained with many rivers, some of which are seasonal. The drainage 

patterns observed includes dendritic, parallel, and trellis. Humid tropical climate is prevalent 

in the area, marked by the alternating wet and dry seasons. The temperature is moderately 

high during the day and also varies from season to season (Kayode, 2006). Two periods of 

high temperatures are recorded annually. The first period occur in March-April and the 

second period in November - December. The average daily temperature varies between about 

20 ºC (for a very cold day) and about 35 ºC (for a very hot day). The coolest period is in the 

middle of the raining season i.e., July - August (Kayode, 2006; Kayode, 2009). 
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Fig. 1. Location and accessibility map of the area of study. 

 

 

4.  GEOLOGY OF THE AREA OF STUDY  

 

The major rock associations of Ilesa area form part of the Proterozoic schist belts of 

Nigeria, which are predominantly developed in the western half of the country. In terms of 

structural features, lithology and mineralization, the schist belts of Nigeria show considerable 

similarities to the Achaean Green Stone Belts. However, the latter usually contain much larger 

proportions of mafic and ultramafic bodies and assemblages of lower metamorphic grade 

(Olusegun, et al., 1995; Ajayi, 1981, Rahaman, 1976). 

Rocks in the Ilesa Schist - Belt area are structurally divided into two main segments by 

two major fracture zones often called the Iwaraja faults in the eastern part and the Ifewara 

faults in the western part (Folami, 1992, Elueze, 1986). The western part of the fault 

comprises mostly amphibolites, amphibole schist, meta-ultramafites, and meta-pelites. 

Extensive psammitic units with minor meta-pelite constitute the eastern segment. These are 

found as quartzites and quartz schist. All these assemblages are associated with migmatitic 

gneisses and are cut by a variety of granitic rock bodies, (Olusegun, et al, 1995, Rahaman, 

1976). The rocks of the Ilesa district may be broadly grouped into migmatite-gneiss complex, 

mafic-ultramafic suite (or amphibolite complex), meta-sedimentary assemblages and intrusive 

suite of granitic rocks. A variety of minor rock types are also related to these units. The 

migmatite-gneiss complex comprises migmatitic and granitic, calcereous and granulitic rocks. 

The mafic-ultramafic suite is composed mainly of amphibolites, amphibole schist and minor 

meta-ultramafites, made up of anthophyllite-tremolite-chlorite and talc schist.  
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Fig. 2. The Geological map of Ilesa Schist-Belt area. 
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The meta-sedimentary assemblages, chiefly meta-pelites and psammitic units are found 

as quartzites and quartz schist. The intrusive suite consists essentially of Pan African (c. 600 

Ma.) granitic unit. The minor rocks include garnet-quartz-chlorite bodies, biotite-garnet rock, 

syenitic bodies, and dolerites (Kayode, 2006, Folami, 1992, Rahaman, 1976). See Fig. 2, for 

geological map of the study area. 

 

 

5.  METHOD OF STUDY 

 

The methods adopted in this study include field mapping and integration of different 

maps by GIS software.  For the purpose of this research, the following software packages and 

maps were used; ILWISS 3.1, topographic map of the area and Satellite images were acquired 

and processed using the software. This imagery has the coverage of 180 km by 180 km and 

spatial resolution of 28.5 m.  

The topographical map of Ilesa 243 NW, NE, SW,SE were glued together to produced 

the base map. The sub-map has the minimum X and Y UTM value of 681461.37 and 

828663.01 respectively which are on the southwestern corner and the maximum X and Y 

UTM value of 720215.83 and 851908.92 respectively on the northeastern corner of the sub-

map.  

Landsat ETM+7 imagery was geo-referenced with the topographical maps of the area. 

False colour composite map was generated by combining three raster images of different 

bands (4, 5 and 7) which displayed shades of red, green and blue respectively (See Fig. 3). 

 

 

Fig. 3. The false coloured composition map of the study Area. 
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Fig. 4. The Land use/Land covers Map of the study area. 
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The classification of the pixels was done based on the characteristics of pixel brightness 

value. The classification methods or functions used are minimum distance, minimum likely-

hood distance, minimum mahalanobis distance. Based on these classification methods, the 

Land-use/Land-cover map was generated (see Fig. 4). Interpretation and identification of 

target in the satellite imagery was carried out visually.This was accomplished using imagery 

displayed in a pictoral or photographic-type format, independent  on type of sensor used to 

acquire the data. 

The visual interpretation take into account  the image elements such as colour or tone, 

size, texture, shape, shadow, association, pattern and geotechnical elements such as drainage 

patterns, soils variation, landforms and land-use/land-cover and generate the land-use/land-

cover map (see Fig. 4).  

 

 

6.  CALCULATION OF SLOPE ANGLE 

 

For the purpose of study the erosion potential of the study area, a knowledge of slope 

steepness or angle is important in order to evaluate the terrain condition. 

Topographical map of scale 1:125,000 was obtained from map depot. Slope steepness 

or angle calculation was done by using a trigonometrical  function with formula:  

 

Tan α = H/I 
 

where H – is the difference in altitude of two points on the map; I – is the horizontal distance 

between the two point on the map. Therefore, α = tan  ֿ
1
 H/I 

 
Table 1. Classification of slope based on the international geographic unit on  

geomorphology and survey. 

 

SLOPE 

CATEGORIES 

SUB-

CATEGORIES 
LANDFORMS GEOMORPHOLOGY 

PECULARITIES 

OF LAND-USE 

3° - 15°     

 3° - 4° 

Strongly 

undulated up 

to hilly region 

Low erosion potential 

transport is 

difficult 

 

 5° - 15° 

Gentle valley 

sides ofmiddle 

mountains 

Low erosion potential 
Transportation is 

difficult 

15° - 35°     

 15° - 25° 
Fault zone, 

steep 
High erosion potential  

 
 

25° - 35° 

 

Very steep 

 

High erosion potential 
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The caculated slope angles values range between 3° - 35°. According to International 

geographic unit on geomorphology and survey, slope classification system were grouped into 

two major categories (3° - 15° and 15° - 35°). Based on these categories, the terrain was 

classified into different groups of erosion potential zone as  compared with Table 1. 

 

 

7.  RESULTS AND DISCUSSION 

 

The generated maps such as classification map,  landuse/ landcover map, topographical 

map and geological map were interpreted to decipher the terrian conditions of the area. 

The geological map displayed the rock types and the geological structures within the 

area whereas the classification map showed the highly vegetative areas (reddish colour), bear 

lands and built up areas (grey colour). The land use/ land cover map displayed the built up 

areas (reddish colour), highly vegetative areas (greenish colour) and high erosion potential 

areas (bluish and light green colour). These maps were integrated with the calculated terrain 

elevation to produce erosion potential map of the study area (Fig. 5). 

The calculated slope values from topographical map revealed that erosion is more 

pronounced in areas of high terrain elevation, with slope gradient varying between 15° - 35° . 

Such areas include Ikogosi and Erin-odo, some parts of Ilesa, and Efon-alaiye which are on 

the southeastern, northwestern and northeastern part of the study area respectively. In these 

areas, the slopes of the ground are steep and vary. The presence of long parallel hill acts as a 

water-divide, thus causing water run-off to the valley position. The drainage patterns 

identified in the area is dendritic drainage pattern which show a uniform resistance of rocks 

underlying the terrain to erosion. Trellis drainage patterns were observed up to about 3km in 

area of long parallel valley when moving from Effon-alaiye to Ikogosi and this is diagnostic 

of rock contact zone or faulted zone.  

Figure 4 shows the Land-use and land-cover map where the areas of lush vegetation are 

less susceptible to erosion and the alignment of the vegetation indicates the presence of 

subsurface linear structure such as fracture or fault, and this correlate well with the observed 

drainage pattern. 

          Geological conditions of the underlying rocks also contribute to the rate of erosion 

because the rocks lithology underlying the area varies in type and composition and thus their 

resistance to weathering varies. Through terrain features and image elements, four major rock 

types are identified and these are Granite-gneiss, Quartzite, Muscovite- schist, and Migmatite. 

Areas underlain by Granite-gneiss, Quartzite, and Migmatite display low erosion potential 

while areas underlain by Muscovite-schist display high erosion potential. This signifies that 

areas underlain by granite-gneiss, quartzite, and migmatite are more resistance to erosion 

while areas underlain by muscovite-schist are less resistance. The results of the maps 

interpretation were integrated to produce the erosion potential map of the area (Fig. 5). 

The result shows that the structural pattern, topographical characteristics, vegetation 

alignment, geology, degree of slope, settlements, and drainage patterns all played important 

roles in evaluation of terrain. Erosion potential map was classified into two, based on the 

slope gradient analysis, the underlain geology and the vegetation cover. Areas of slope 

gradients varying from 3° - 15° which correspond to the areas underlain by granite and 

migmatite rocks have low erosion potential while areas of slope gradients varying from 15° - 

35° and underlain by muscovite schist have high erosion potential. 



World Scientific News 19 (2015) 69-79 

 
 

-77- 

 

ERIN-ODO
IKOGOSI

ERIN-OKE

IJEDA

ILOKO

ILESA

N 7° 29’ 00”

E 004° 59’ 00”E O04° 38’ O O ”

N 7° 29’ 00”

E 004° 59’ 00”
E O04° 38’ O O ”

N 7° 42’ 00”
N 7° 42’ 00”

0 5KM

IBODI IDO-IJESA

IWARAJA
ERINMO

EFON-ALAIYE

ASA-OBI

LOW EROSION PRONE AREA

HIGH EROSION PRONE AREA

N

FAULT

LOCATIONS

G
R

A
N

IT
E

 G
N

E
IS

S

QUARTZITE

MUSCOVITE SCHIST

M
U

S
C

O
V

IT
E

 S
C

H
IS

T

MIGMATITE

MIGMATITE

  
Fig. 5. Erosion Potential Map of the study area. 

 

 

 The result shows that the structural pattern, topographical characteristics, vegetation 

alignment, geology, degree of slope, settlements, and drainage patterns all played important 

roles in evaluation of terrain. Erosion potential map was classified into two, based on the 

slope gradient analysis, the underlain geology and the vegetation cover. Areas of slope 

gradients varying from 3° - 15° which correspond to the areas underlain by granite and 

migmatite rocks have low erosion potential while areas of slope gradients varying from 15° - 

35° and underlain by muscovite schist have high erosion potential. 

 

 

8.  CONCLUSIONS 

 

Terrain evaluation is to provide the geologists with a reliable estimate of the effect of 

natural disaster such as landslides, rock falls, erosion prone areas and earthquake zones on the 
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terrain. The structural pattern, topographical characteristics, vegetation alignment, degree of 

slope, settlements, and drainage pattern all played important criteria in evaluation of terrain. 

Erosion potential map was generated and classified into two based on the slope gradient 

analysis. Areas of slope gradients varying from 3° - 15° are classified as low erosion potential 

while areas of slope gradients varying from 15° - 35° are classified as high erosion potential 

area. 

The geology of the area shows four major rock types which are Granite-gneiss, 

Quartzite, Muscovite- schist, and Migmatite. Areas underlain by Granite-gneiss, Quartzite, 

and Migmatite, which correlate well with low slope gradient and lush vegetation areas have 

low erosion potential while areas underlain by Muscovite-schist, sparely land cover and high 

slope gradient areas show high erosion potential. The study has revealed that geology, surface 

slope, subsurface structural trend and vegetation patterns have significant influence on the 

erosion potential of an area. 
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