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Abstract 

The Structural and Land cover mapping of Ohafia area has been carried out with the view to 

identifying and delineating the trends/patterns of  structures associated with the area and infer 

their relationship with basin formation and dynamics as well as determining the different Land 

cover pattern in the study area. The landsat imagery generated was processed using ILWIS 3.2 

Academic and Erdas imaging softwares. The structural trend is predominantly in the NE-SW 

direction. The drainage pattern is dendritic which is indicative of lithological, structural and 

topographic differences and also indicative of alluvial rocks, which is typical of the geology 

of the area that consists mainly of sedimentary rocks. The Normalized Difference Vegetation 

Index (NDVI) values range from -0.49 to 0.33. Values ranging from -0.35 to -0.15 were 

interpreted as bare or barren soil. The Yellow patches, having NDVI of -0.13 to -0.03 was 

interpreted as wetland vegetation. Forested regions with pronounced vegetative cover were 

seen to have NDVI values ranging from 0.15 to o.33. The beach sediments exposed at the 

banks of River Cross show low NDVI values less than -0.35. The Digital Elevation Model 

(DEM) values range from 5 to 241m for the study area. Areas of low DEM values from 5m to 

50m in purple colour are the low lands traversed by the tributaries of River Cross. Moderately 

elevated areas are in red colouration. The yellow patches correspond to areas of medium 

elevation of the order 120m to 140m. Highly elevated areas in green colour have values above 

150m. In the False colour composite image, areas with active vegetative cover appear Pink to 

Red. Bare soils appear as blue to grey. These areas were interpreted as the exposures of highly 

porous and permeable Ajali Sandstone Formation which rarely supports luxuriant vegetation. 

The drainage system in the area was exhibited as blue pattern. Five tonal features were 

interpreted from the unsupervised classification map. Areas with pronounced vegetative cover 

were displayed as shades of Red colours. Sandstone with vegetation and sandstone without 

vegetation were displayed with light blue and dark blue colours respectively. Areas 

interpreted as mudrock and shaly units were displayed as patches of yellow and mauve 

colours respectively. The azimuth frequency diagram (Rose diagram) of the determined 

lineaments revealed that the commonest strikes of lineaments in the study area are in E-W, 

NW-SE, N-S and NE-SW directions. The E-W, NW-SE and N-S reflect the old and deeper 

tectonic trends. The NE-SW trend reflects the younger tectonic events since younger events 

are more pronounced and tend to obliterate the older ones. 
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1. Introduction 

The study area is part of the Anambra Basin comprising of Ohafia and its adjoining areas and 

lies  within  latitudes 5
0  

30 ́ -  5
0
 45  ́N  and  longitudes  7

0
 30  ́ - 8

0
 00  ́E (Fig 1).The Anambra 

Basin is located in the southern part of the regionally extensive northeast-southwest trending 

Benue Trough. It is a synclinal structure consisting of more than 5,000m thick of upper 

Cretaceous to Recent sediments representing the third phase of marine sedimentation in the 

Benue Trough ([2]; [11]). It is bounded on the west by the Precambrian basement complex rocks 

of western Nigeria and on the east by the Abakaliki anticlinorium. 

The stratigraphic succession of the Anambra Basin comprises of the Campanian to Maastrichtian 

Enugu/Nkporo/Owelli formations (lateral equivalents). This is succeeded by the Maastrichtian 

Mamu and Ajali formations. The sequence is capped by the Tertiary Nsukka Formation and Imo 

Shale ([1]; [15]; [16]).  The north-south trending of Enugu escarpment forms the major 

watershed between the lower Niger drainage system to the west, and the Cross-River and Imo 

drainage systems to the east [7]. It is an asymmetrical ridge stretching in a sigmoid curve for 

over 500 km from Idah on the river Niger to Arochukwu on the Cross-River. 

The objectives of the study are to identify and delineate the structures associated with the area 

and also the trends/patterns of such structures and infer their relationship with basin formation 

and dynamics. 

Fig. 1: Topographic  Map of the study area

 
                                                                           Fig. 2: Geological map of the study area 

 

1.1 Geology of  The  Study  Area 

So many geoscientists have worked in the Anambra basin where the study area is located. Ohafia 

area falls in southeastern part of the Anambra basin. The southeastern part of the Anambra basin 

is a part of the scarplands of southeastern Nigeria.  
The geology of Ohafia area falls within the Deltaic marine sediment of Cretaceous to Recent age 

[17]. It formed during the Campanian-Maastrichitan time. The Campanian began with a short 

marine transgression followed by a regression. The Nkporo Shale constitutes the basal beds of 

the Campanian time in this area. The broad shallow sea gradually became shallower and the 

paralic sequence of the Mamu formation was deposited [10]. This formation was overlain by the 

continental sequence of the Ajali formation followed by a return to partially paralic conditions 

with the deposition of the Nsukka formation. The Ajali transgresses directly above the Pre-

Cambrian basement. There are essentially three principal geological formations in the area 
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namely: the Ajali (false bedded sandstones) formation, Bende-Ameki formation and the Asata 

Nkporo shale formation. 

The Ajali formation of Cretaceous age consists of red earth sands which form the false bedded 

sandstones. These in turn consist of great thickness of friable but poorly sorted sandstones. The 

formation spans through narrow country in Abia state from Isuochi north in Isuikwuato local 

government area, through Eluama, Ovim and Alayi where it narrows down to south of Nguzu 

before running south. It is overlain by Bende-Ameki formation. The Bende-Ameki formation of 

Eocene to Oligocene age consist of medium to coarse-grained white sandstones which contain 

pebbles, gray-green sandstones, bluish calcareous sit with mottled clays and thin limestone. 

Indeed, there is a considerable lateral variation in lithology in the area. The Asata-Nkporo shale 

in north of Uturu in Abia State, stretches laterally up the Agwu sandstones. In east of Uturu, the 

shale increases in thickness and have their greatest development along eastern limb of the 

anticlinorium where Nkporo village is located. The formation consists mainly of blue or dark 

grey shale mudstones with occasionally sunstones. 

The main water-bearing geological formation in the area is the late Maastrichitan Ajali formation 

([6]; [8]). The formation consists of a quartz arenite, loose angular to sub-bounded grains. The 

grain size of the area has a multi-model distribution [7]. The Ajali is underlain by a shaly rock 

unit, which belongs to the Mamu formation. The shaly unit of the Nsukka formation overlies it. 

The Ajali formation is a confined aquifer in most locations in the area. The Ajali formation is 

very permeable. The groundwater flows from the recharge areas in the east and northeast to 

southwest below the younger formations over which artesian conditions develop [12]. At 

locations where artesian condition develops, springs usually occur. Prominent among such 

springs include Muri and Obayi River. 

 

2. Methodology and Materials 

 The data used for the study were compiled using the geological map of the study area at a scale 

of 1:100,000 and satellite image -  Landsat 5 TM, Bands 432 with wavelengths 0.76-0.90μm 

(near – IR), 0.69 μm (Red) and 0.52-0.60μm (green). It has high spatial resolution of 30mx30m 

ground area. A subset of the satellite data covering the study area was created using Erdas image 

processing software. A high speed large memory digital electronic PC with a coloured printer 

and plotters for map printing as well as a colour monitor for visualization of image were used. A 

table scanner was used to scan all the relevant maps used for the study. Erdas imagine was used 

for subsetting the study area from available satellite data. Integrated Land and Water Information 

System (ILWIS 3.2 Academic) was used for creating several themes or layers from the satellite 

image. This software has the capabilities for various image enhancement techniques such as 

linear enhancement, statistical analysis, principal component analysis and normalized difference 

vegetation index. 

 

The following image analysis techniques were carried out. 

Linear (edges) Enhancement: This was carried out to improve the contrast quality of the image 

to aid better visual interpretation. 

Filtering – (High pass filtering): A local contrast enhancement method for the purpose of 

highlighting linear features or edges – faults, fractures and joints, drainage patterns, and 

geological boundaries.  

Normalized Difference Vegetation Index (NDVI): This is a pixel transformation technique that 

was carried out to highlight areas where the green activity of chlorophyll (i.e. green plants) is 
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dominant in the image using the NDVI Algorithm, which is given by NDVI landsat – TM3 – 

TM4/TM3-TM4. TM3 – Is the red region of the wavelength band of the electromagnetic 

radiation.TM4 – Is the near infrared region of the wavelength band of the electromagnetic 

radiation. Highlighting areas where green plants are dominant is a pointer to groundwater 

occurrence.  

Digital Data Base Creation: On –screen digitization was carried out on the Landsat image. 

Different layers or themes were created. The following layers among others were created using 

ILWIS: -lineament and drainage maps. Also from the existing topographic map, drainage pattern 

and linears are generated. 

3. Interpretation of Results 

Various visual interpretation of the satellite image was carried out after the pictorial quality of 

the image was improved through linear enhancement and filtering of the image. The drainage of 

the area is easily visible in the landsat TM image. The drainage pattern was digitized on-screen 

as segment map using ILWIS 3.2 Academic software. The drainage linears of the area was also 

produced from existing topographic map. The drainage pattern is dendritic which is indicative of 

lithological, structural, and  topographic  differences. It is also indicative of alluvial rocks, which 

is typical of the geology of the area that consists mainly of sedimentary rocks. The drainage 

texture of the area is variable (coarse to fine). It is characteristic of sedimentary rock  and  

variable  permeable soil material. The direction of flow of surface water can be seen on the 

image too. The flow directions are southward and eastward directions controlled by topography 

and geological structures. This flow direction no doubt influences the hydrographic network of 

groundwater in the area.Digital image processing technique was carried out to highlight areas in 

the image where vegetations/green plants are more active. From the Normalized Difference 

Vegetation Index (NDVI) map, the values range from -0.49 to 0.33. Values ranging from -0.35 to 

-0.15 were interpreted as bare or barren soil were noticed around Ohafia, Abriba and Alayi 

which corresponded with the exposure of the Ajali Sandstone in the Localities. The Yellow 

patches, having NDVI of -0.13 to -0.03 is interpreted as wetland vegetation. Forested regions 

with pronounced vegetative cover were seen to have NDVI values ranging from 0.15 to o.33. 

The beach sediments exposed at the banks of River Cross show low NDVI values less than -0.35.  

 

 

Fig. 3: Normalized Difference Vegetation Index (NDVI) map of the study area 

The Digital Elevation Model (DEM) map (Fig.5) shows values ranging from 5 to 241m for the 

study area. Areas of low DEM values from 5m to 50m in purple colour seen around Edda, Ikun, 

Biakpan and Ukwa Nkesi are the low lands traversed by the tributaries of River Cross. This low 

DEM value was observed around Ozu Abam where minor rivers and streams like the Igu River 

cut through the valley. Moderately elevated areas are in red colouration. The yellow patches 
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correspond to areas of medium elevation of the order 120m to 140m. Highly elevated areas in 

green colour with values above 150m were seen around Ohafia, Alayi and Otamkpa. 

The drainage linears were derived from the drainage pattern of existing topographic map and the 

satellite image. This is to correlate the trends of drainage and structural orientation in the whole 

area to establish whether the drainage is structurally controlled. The result of the statistical 

analysis of the drainage linear and visual observation of it indicates that the drainage follow 

weak parts in the earth such as fractures and faults. The dendritic drainage pattern suggests that 

the underlying sediment is a homogenous unit and may equally reveal that the lithology has least 

resistance to erosive action of the river and streams. Such litho-units include shale, mudstone and 

limestone. Simple digital image processing techniques were applied on the image to enhance the 

edges or linear features. This was followed by computer aided visual interpretation of 

lineaments. The result of the lineament analysis shows that numerous fractures and lineation 

occur at the central and northwestern sides of the satellite image. The common orientations of the 

lineaments are NE-SW and NW-SE.   

 Visual interpretation of lineaments was complemented by some simple digital image processing 

techniques that highlight linear features. A good technique that was used is the directional edge 

enhancement and convolution filtering. These techniques will make conspicuous all linear 

features and boundaries seen on the image.   

Apart from man-made structures, the result shows that the area has numerous linear features, 

which include drainage channels, fractures and joints. Lineament density and the filtered map 

(Fig.6) show heavy concentration of lineaments around Otamkpa, Ozu Akoli, Alayi, Ibeku and 

Ikun with lineament density greater than 1000m/km
2
. Areas like Ohafia, Ekoli Ozi Item, Akanu 

and Ukwa Nkesi have low lineament density less than 1000m/km
2
. Lineament drapped on 

drainage (Fig.4) and that traced on Edge enhanced Band 5 (Fig.7) show the pattern of 

distribution of these lineaments within the localities mentioned. 

The colour composites presented as RGB 432, RGB 532 and RGB 742 (Figs.9, 10 and 11) 

represent False colour, medium tonnage and SWIR (GEOCOVER) respectively. RGB 321 (Fig 

8) represents the true colour. In the False colour composite image, areas with active vegetative 

cover appear Pink to Red which was observed in areas like Ozuabam, Bende, Ameke, Biakpam, 

Ovim and Ibeku. Bare soils appear as blue to grey in areas like Ohafia, Alayi and Otamkpa. 

These areas were interpreted as the exposures of highly porous and permeable Ajali Sandstone 

Formation which rarely supports luxuriant vegetation. The drainage system in the area was 

exhibited as blue pattern which corresponded with the River Cross traversing the North Eastern 

part of the area. RGB 742 composite is very descriptive, for it differentiates between the patterns. 

Bare soil area interpreted as sandstone ridge from DEM are rendered in Lavender pattern. The 

vegetated areas showed shades of green pattern. The river appeared as dark blue pattern. 

The unsupervised classification map relied on image classification tied around tonal differences 

of the observed patterns. In the study area, five tonal features were interpreted. A glance at the 

image (Fig.12), areas with pronounced vegetative cover was displayed as shades of Red colours. 

Sandstone with vegetation and sandstone without vegetation were displayed with light blue and 

dark blue colours respectively. Areas interpreted as mudrock and shaly units were displayed as 

patches of yellow and mauve colours respectively. 

The azimuth frequency diagram (Rose diagram) (Fig.13) of the determined lineaments revealed 

that the commonest strikes of lineaments in the study area are in E-W, NW-SE, N-S and NE-SW 

directions. The E-W, NW-SE and N-S reflect the old and deeper tectonic trends. The NE-SW 
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trend reflects the younger tectonic events since younger events are more pronounced and tend to 

obliterate the older ones. 

 
Fig.4: Lineament Draped on Drainage map  

Fig.5: Digital Elevation Model (DEM) of the study area 

Fig. 6:Lineament Density map

 
Fig. 7:Lineament Traced on Edge Enhanced Band 5

 

 
Fig. 9: Colour Composite RGB 432

 

 
 

 

Fig. 11:  Colour Composite RGB 742
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Fig. 12: Unsupervised Classification Map

 

 

 

4. Conclusion 

The structural and land cover mapping of Ohafia have shown a common orientation of the 

lineaments in the NE-SW and NW-SE directions. The drainage pattern is dendritic which is 

indicative of lithological, structural and topographic differences. The dendritic drainage pattern 

suggests that the underlying sediment is a homogenous unit and may equally reveal that the 

lithology has least resistance to erosive action of the river and streams. The different vegetative 

cover were marked using the Normalized Difference Vegetation Index (NDVI) parameter. The 

Digital Elevation Model revealed that the area has undulating topography with valleys 

sandwiched between hillocks of high lands. All the colour composites showed clearly the 

different land cover bodies in patterns. The unsupervised classification map among other things 

delineated between sandstone with vegetation and that without vegetation.  

 The remote sensing technique is a very useful tool in surface geological mapping, particularly, 

the mapping of the lineaments. This gives a clear picture of regions of structural failures. 
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