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Abstract 

The Nigeria Sat-1 image of the study area (Benin City and its environs) located between 

longitudes 5
0
00̕E - 6

0
00̕E and latitudes 6

0
00̕N - 7

0
00̕N at a scale of 1:100,000 and was obtained 

from the National Centre for Remote Sensing, Jos, Plateau State. The aims/objectives of the 

study are to give detailed structural interpretation of the study area, identify the lineament  and 

drainage patterns and the geotectonic history of the area, infer the influence of lineaments on the 

hydrocarbon potential of the study area. The image was acquired with the use of an Enhanced 

Thematic Mapper (ETM) and processed using Integrated Land and Water Information System 

(ILWIS 3.1). Simple image processing techniques were carried out on the image which include; 

linear (edges) enhancement and filtering. The orientation of the lineaments in the study area were 

plotted on a Rose diagram and observed to be trending Northeast-Southwest, Northwest-

Southeast, East-West and North-South direction (NE-SW, NW-SE, E-W, and N-S). This also 

shows that the study area is seated on the paleo- structures- the Chain and Romanche fracture 

zones with structures trending predominantly in NE-SW and NW-SE directions. These structures 

are believed to have significant control of the area in relation to drainage, movement and 

petroleum systems. Finally, the structure and tectonic framework of the area suggest an 

environment favourable for the entrapment of hydrocarbon. 

______________________________________________________________________________ 
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Introduction 

Structural features shown on satellite imagery are in the form of drainage and lineament patterns. 

A lineament may be defined as a mappable, simple or composite linear feature of a surface, 

whose path is aligned in a rectilinear or slightly curvilinear relationship and differ from the 

patterns of adjacent features and presumably reflects a surface phenomenon [1]. According to 

[2], the lineament pattern observed from landsat images is closely related to inter-and intra-plate 

interaction. Also, the Nigerian basement complex was affected by major tectonism especially the 

Pan-African progeny [3] and [4]  in their investigation in some part of India and Turkey 

respectively were able to discover a parallel alignment between thermal springs and seismic 

zones and the trend of the dominant mega lineaments. In a study by [5] on lineament in South 

India, it was observed that the trends of the lineament correspond to the regional trend originated 

in the Precambrian rocks.  Lineaments observed on the image correlate to faults and earthquake 

fissure. It covers or extends to a straight line for about 400km. Investigation of the structural and 

lithological control of drainage pattern in part of Illesha area using remote sensing data was 

carried out by [6]. He maintained that four systems are operative in the area trending NNE – 
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SSW, NE-SW, WWE – ESE and NE-SE respectively. The structural trends were found to be 

controlled by structures in the underlying Precambrian rock of the Basement complex. Lithologic 

control was deduced from observed variation in both the number and the frequencies of the 

system of linears between different rock units. Reassessment of the geology of part of the 

Anambra Basin, South easthern Nigeria using digitally processed remote sensing data was also 

studied in line with the above findings [7]. Digitally processed landsat 5 TM imagery was used 

in mapping geologic units within the Anambra basin. Drainage patterns, bare rocks and 

vegetation areas were enhanced in a single band images while secondary sediments were 

identified in image ratio. 

 The aims and objectives of the present study are to give a detailed structural 

interpretation of Benin City and its environs, identify the lineaments associated with the study 

area, identify the drainage pattern, the general geo-tectonic history of the area as well as inferring 

the influence of lineaments on the hydrocarbon potential of the study area.    

 

Geology of the Study Area 

 The study area (Benin City and its environs)  lies in the southwestern part of Nigeria (Fig. 

1). Different units/formations are exposed in the area.  

 Benin Formation extends from the West (Lagos, Benin and Warri) and southward (Port-

Harcourt, Aba, Umuahia, Imo State and Calabar) and beyond the present coastline. It is 

composed of over 90% sandstone with shale intercalations.  

 The sand and sandstone of Benin Formation are coarse grained, very granular, pebbly, 

gravelly, locally fine grained, poorly sorted, sub angular to well rounded and bear lignite streaks 

and wood fragments. Some sandstone of Benin Formation are dark coloured and some are dark 

brown because of the presence of organic matter in them. The formation is a continental deposit 

of probable upper depositional environment. Various geologic structures or structural units are 

associated with the Benin Formation, which are point bars, channel fills, natural levees, back 

swamp deposits, oxbow fills and beach. All these indicate the variability of the shallow water 

depositional medium. 

       In the subsurface (base), it is of Oligocene age.  In the north (Onitsha, Benin, Umuahia and 

Aba) and becoming progressively younger Southward (Calabar, Port-Harcourt). 

In general, Benin Formation ranges from Miocene to Recent. It is the youngest of Niger Delta 

sediment. Its thickness is about 6,000ft. And very little hydrocarbon accumulation has been 

associated with Benin Formation.  

 Benin formation is also known as the coastal marine sand of Nigeria and it is the source 

of potable drinking water in the place where it underlaid.  

Ameki Formation extends westwards into Dahomey and Togo. The 3350m thick sub-surface 

marine sequence of alternating sandstone and shale described and named by them as the Agbada 

Formation [8].  
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Fig. 1: Geological Map of the Study Area 

  

 The Ameki Formation is unconformably overlain by coarse mostly continental 

sandstones of the Ogwashi - Asaba and   Benin Formation. About 72 molluscan species have 

been recorded from the Ameki Formation. The upper part of the Ameki Formation has inclusion 

of purple and white pebbly clay-stone with sub-angular to well rounded quartz pebbles. The 

Ameki Formation consists of a series of highly fossiliferous grayish-green sand clay with 

calcareous concreation and white clayed sandstone. Two lithological groups have been 

recognized in parts of Ameki Formation, which are the lower with fine to coarse sandstones and 

intercalation of calcareous shale and thin shally limestone and the upper part composed of 

coarse, cross bedded sandstone, bands of fine  grey-green sand stone and sandy clay [9].  

The Imo Formation (mainly shale) consist of a thick, clayey shale, fine textured, dark 

grey to bluish grey with occasional admixture of clay iron stone and thin sandstone bands. 

Carbonized plant remains may be locally common and the formation becomes sandier towards 

the top where it may consist of an alternation of bands of sandstone and shale. 

 The Imo Formation rest conformably on the Nsukka Formation. It continues laterally into 

western Nigeria and Dahomey. The boundary between the Imo Formation and Nsukka 

Formation is called Cretaceous-Tertiary boundary also known as K-T boundary (K form the 

creek word Cretaceous)  
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 The Akata Formation is characterized by uniform dark-grey shale development with local 

concentration of sand, plant remains and mica 

 The age of the Akata Formation range from Eocene-Recent and the outcropping Imo 

shale range from Paleocene to lower Eocene [10]. 

 Towards the Northern part of the study area is the Nsukka Formation which lies 

conformably on the Ajali sandstone. The formation is also described as the ‘upper coal 

measures”. The lithology of the Nsukka Formation is very similar to that of the Mamu Formation 

and the rocks consist of an alternating succession of sandstone, dark shale and sand shale with 

thin coal seam at various horizon.  

 Excellent outcrop of Nsukka Formation can be observed at Ugwuoba along Enugu-

Onitsha express road and at Ezimo in Nsukka. Many outcrop of Nsukka Formation are found at 

road cut in Benin. 

Methodology 

 Erdas image was used for sub-setting the study area from available satellite data. Also 

Integrated Land and Water Information System (ILWIS 3.1) was used for creating several 

themes or layers from the satellite image. Moreover, this software has the capabilities for various 

image enhancement, statistical analysis, and principal component analysis and normalized 

difference vegetation types. 

 The study was carried out using Nigeria Sat 1 acquired on 13
th
 May, 2008 from 

coordinates of the location. The georeferenced projection is Universal Transverse Marcator. 

(UTM). 

Interpretation of results 

     Fracture analysis is done to delineate zones of fracture concentration so that information on 

the structural deformation occurring in the area can be exposed or revealed. Lineament analysis 

is the most accurate method of mapping subsurface deformation (shear and extensional features) 

[11] and [12]. Spatial and directional attributes of the lineament were reflected on the Rose 

diagram. 

 The result of the structural interpretation reveals that fracture predominate in the NE-SW, 

NW-SE portion of the image. The Rose diagram (Fig 3) shows that the major structural features 

are trending in NE-SW, NW-SE, E-W and N-S. 

 This is in line with the findings of [13]; [14] and [15] which suggested that Nigeria has a 

complex network of fracture and lineament with dominant direction of NE-SW NW-SE and N-S. 

Similarly [16] described the various basement blocks and pointed out the prominence of NE-SW 

and NW-SE trends in the megatectonic frame work. [17] stated that Nigeria is known to be 

characterized by a conjugate strike–slip fault system consisting of NE-SW dextral and NW-SE 

sinister trends of fault. 
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Fig. 2: Lineament Map of the 

Study Area extracted from 

NigeriaSat – 1 (2008) 

        

 

 

 

 

 

 

Fig. 3: Rose Diagram of the Lineaments 
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Similarity existing between the rivers found in the area and their tributaries is a sign that 

there is a tectonic control of drainage in the area [18]. The structural relationship between the 

NE-SW trending oceanic fractures and the continental domain has been shown to relate the 

different equatorial features to the genesis of coastal subsurface features around Gulf of Guinea. 

         The N-S trend is typically the trend of the geological basin found in the study area and is 

believed to be as a result of block faulting during wide spread pre-and post- Sanitarian 

movements which affected most part of the southern Nigeria [19]. This movements and the 

upper mantle doming played a major role in reactivating old fracture zones given rise to the NE-

SW trending features which coincide with major structural trends such as the Benue trough, 

fractures in the oceanic crust off West Africa, Eburnean syncline in Cote d’Ivoire as well as 

lineaments in Guyana. 

      This NE-SW trend is believed to be the extension of the Chain and Romanche fracture zones 

and therefore the tectonic/structural controlling factor of deposition in the study area. 

      Also, N-S fractures are very prominent and are often comformable with other geological 

trends. They have been identified on imageries as depression and prominent scarp surfaces and 

appear to have determined the courses of the major north- south flowing streams such as the 

lower Niger. These fractures are products of brittle deformation and are marked in the field by 

considerable shearing and brecciation. There is no doubt that the fracture is of regional extent as 

similar structures have been identified in Niger Republic.  

 Several postulates have been advanced to explain the evolution of the fracture system in 

southwestern Nigeria and the adjacent area.   

The coarse texture of drainage in the study area indicates resistance permeable soil and bedrock 

materials which are suitable for infiltration of surface water and precipitation.    Also, the major 

rock type in the area increases infiltration, porosity and permeability of the geological units.  

 Lineaments / fracture analysis showed that the area is promising for accumulations and 

entrapment of hydrocarbons. Lineaments are important geological features/structures whose 

presence are necessary is for the formation of the basin and control of deposition in 

sedimentary/crystalline terrains. Movement of fluids depends on the existence of fracture.  

 Therefore, the main underlying reason for fracture analysis is that zones of fracture 

concentrations can be obtained and through proper interpretation, information on the structural 

deformation occurring in a region can be revealed. In this analysis, many linear features were 

mapped. Statistical analysis of their strikes indicated four major trends namely; northeast-

southwest, northwest-southeast, east-west and north-south (NE-SW, NW-SE, E-W, N-S). The 

study area has been affected by some tectonic activities that led to the structural deformation of 

its geology. The last tectonic event was Pan-African orogeny dated 500-600ma  during which 

older granite also called Pan-African granites were moved to a specified position. The Pan-

African orogeny produced geologic structures with north-south (N-S) orientation [20] and [21].  

The fractures show high density in north east and south west  zones of the study area.  
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Tectonic Implication 

    Tectonic movements are allotted a special place among geological processes, since large 

number of cases concerning these movements are the initial cause giving rise to numerous 

consequences but their expression in other geological process.  

A transition phase which is associated with subsistence and basement adjustment is also an 

evidence of tectonism in the area. Up -warping and down- warping of the basement is a gate way 

for the trangressive and regressive deposition of upper Cretaceous marine and continental 

sediments within the area which is as a result of tectonism. 

 

Conclusion 

 Lineaments on Nigeria Sat-1 (2008) imagery have been proven to be representation of 

faults, fracture and dislocation systems on bed rock. These linear systems are zones of mobility 

and provide avenues for inter- and intra- plate interaction. This interaction, which could simply 

be referred to as tectonism, which means crustal deformation that takes place along zones of 

subduction, divergence and translation. Intra-plate tectonism could also be in the form of some 

continental bedrock relaxing some stress by yielding to some strain and therefore is fractured.  

Faults and fractures are characteristics of brittle rocks exposed to or near the earth’s surface. 

 The fault system in Benin City and its environs may have basement rock. Also, the trellis 

drainage system in the study area reveals the porosity, permeability and transmissivity of the 

bedrock. In summary, the drainage of the study area reflects its lineament inferred from Fig.1. 

 Finally, the structural and tectonic framework of the area in particular suggests an 

environment favourable for large scale entrapment of hydrocarbons, equally at the offshore area. 
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