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ABSTRACT 

A detailed structural interpretation of Lokoja area, Bida Basin was carried out using high 

resolution aeromagnetic(HRAM) and Landsat-ETM+ data to determine the magnetic basement 

structure and tectonics and to infer the implications on hydrocarbon and geothermal 

exploration. Several image processing and analytical techniques were applied to the 

aeromagnetic and landsat data to improve the data quality and resolution. Regional – residual 

separation was carried out on the aeromagnetic data using polynomial fitting methods.The 

resulting residual data were subsequently divided into 16 overlapping blocks for the purpose of 

this study. Linear features identified in the study area revealed principal trend directions in the 

NW-SE, NE-SW, N-S and E-W directions with the NE-SW trend been dominant.Spectral analysis 

was carried out using the residual data to estimate the curie point depth, heat flow and 

geothermal gradient in the region. Results of the 2-D spectral analysis revealed a two layer 

depth model with the average depth to basement given as 2.025 km while curie point depth 

ranges from 18.22 to 27.02km.Structural analysis of these shallow anomalies using 3-D Euler 

deconvolution with structural index values ranging from 0-3, revealed three main structural 

models which include spheres, pipes/cylinders, and sills/dikes. These shallower sources are 

probably due to intra-basement features within the basement and magnetized bodies which 

intruded into the sedimentary cover. The results of Curie point depth obtained vary between 

from 18.79km to 27.40km, geothermal gradient varies between 22.17 OCkm-1 and 30.18OCkm-

1, while the heat flow varies between 55-62 Wm-1°C-1  and 77.49 Wm-1°C-1.This is an indication 

that area with high heat generation NE,NW, and SW are prone to be mineral exploration 

following the high rate of intrusion coming up to the surface which might have over 

cooked/baked the minor sedimentary areas, therefore making it a non profitable in terms of 

hydrocarbon potentials.  

Keywords: Aeromagnetic, Landsat, Geothermal, Magnetic basement depth, 3D Euler  
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deconvolution, Spectral analysis, Curie depth, Bida Basin.  
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CHAPTER ONE 

INTRODUCTION 

1.1 Background Information 

 The interpretation of aeromagnetic maps involves interpreting the basement structures and 

proper examination of structures and lithologic variations in the sedimentary section. Magnetic 

basement is the bringing together of rocks that underlie sedimentary basins and may also outcrop 

in places (Onyedim and Awoyemi, 2006). In many sedimentary basins, magnetic anomalies arise 

from minor mineralization along fault planes, which are often exposed on aeromagnetic maps as 

surface linear features. Most mineral deposits are associated to some type of deformation of the 

lithosphere, and most theories of ore formation and concentration embody tectonic or 

deformational concepts (O’Leary et al., 1976; Ananaba and Ajakaiye, 1987). Some lineament 

patterns have been described to be the most promising structural settings in control of various 

mineral deposits (Megwara andUdensi,2013).They include the traces of major regional lineaments, 

the intersection of major lineaments or both major (regional) and local lineaments, lineaments of 

tensional nature, local highest concentration (or density) of lineament, between echelon 

lineaments, and lineaments related with circular features. They often point out the general 

arrangement of subsurface structures of an area thereby providing are regional structural pattern 

(Onyewuchi et al., 2012).Because of the varying degree of magnetic effects associated with earth 

materials and rocks, it is therefore necessary to have good knowledge of the basic principles of 

magnetism (Dobrin and Savit, 1988). These basic principles are fundamental to the applications of 

magnetic data for mineral exploration. Therefore, the magnetic survey shows the contrast in the 

susceptibility between rock samples. Thus, interfacing aeromagnetic and remote sensing studies 
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give a packaged insight into the subsurface lithology, architecture, morphology and structure of 

sedimentary basins. Aeromagnetic maps display variations in the magnetic field of crustal rocks 

and are usually expressed in gammas. Aeromagnetic data can be used to describe structural 

trends by following lineaments in magnetic contours (Okereke and Ananaba, 2006). The anomalies 

in the magnetic field of the earth materials may be considered as arising from two principal causes 

– lateral changes in the magnetic polarization of the basement rocks and the structure of the 

basement surface. From normal considerations of magnetization of basement rocks, it can be 

shown that the larger anomalies on a map are caused largely by variations of magnetization within 

the magnetic basement itself, while smaller features may be caused by either smaller 

magnetization contrasts within the basement or relief of the basement surface. Since sedimentary 

covers do not contain appreciable magnetic sources, faults or fracture zones, intersecting the 

magnetic basement are commonly displayed indirectly in magnetic surveys (Astier and Paterson, 

1989). They can manifest as sharp gradients, forming a linear boundary between areas of 

different magnetic levels, relief or texture and disruptions and/or deflections of magnetic 

trends. Similarly, major faults may be recognized as a series of closed lows on a contour map. 

Magnetic high tends to be grouped around the margins of circular characteristics of higher 

susceptibility than their surroundings. Basement lithologic boundaries show up as change in 

magnetic relief, shear zones as offsets in magnetic trends, and fracture zones as linear magnetic, 

minima caused by the oxidation of magnetite, where iron bearing minerals/rocks are intersected. 

Major magnetic anomalies are normally associated with dykes whose margins are often 

fractured because of contact metamorphic effects and can thus hold significant amounts of 
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water. Therefore, the depth to the magnetic basement can be derived from the interpretation 

of magnetic survey data (Astier and Paterson, 1989).  

Similarly, remote sensing techniques have opened a new vintage into the mapping of surface 

lithology of the earth with the landsat enhanced thematic mapper plus (Landsat-ETM+) data been 

extremely useful. In the past, the geological maps are prepared solely from normal ground 

geological mapping surveys based on field observations. They are made along traverse lines at 

ordinary intervals, while plotting such point information gathered along the traverse lines on the 

topographic base and ultimately preparing final maps by extrapolating the details, certain errors 

are unavoidable and lead to inaccuracies in maps. Since the development of remote sensing 

technology, the mapping procedures have undergone continuous variation. Modern remote 

sensing techniques play an important role in mapping programs (Farina et al., 2005). Mapping of 

lithology and alteration zones in inaccessible mountain and forest terrain has always posed a trait. 

There always existed disputes on the accuracy of lithological boundaries and structural details in 

these maps. Vast area to be surveyed and its inaccessibility, forbids physical investigation of every 

outcrop. At this juncture, the potential of Remote Sensing is appreciable. The greatest merit of 

Remote Sensing is the synoptic view that it provides. It gives a regional and integrated perspective 

of inter-relations between various land features. The availability of multi-spectral and high 

resolution data as well as the advanced capabilities of digital image processing techniques, in 

generating enhanced and interpretable image has further enlarged the potential of RS in 

delineating the lithological contacts and geological structure in great details and with better 

accuracy (Drury., 1998). The existing multi spectral satellite systems are designed to investigate 

natural resources with special focus on vegetation coverage, lithology and mineral exploration 
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(Crippen and Blom., 2001; Yousif and Shedid., 1999; Abrams., 1984). Most applications of RS in 

geology involve the delineation of structures, discrimination of different rock and soil types and 

resource exploration (Kruse and Dietz., 1991). Following the launch of LandSat Thematic Mapper 

(TM) in 1982, geologists gained access to better spatial (30m) and spectral resolution (Abrams 

.,1984), compared to the Multi spectral Scanner (MSS) used for detailed geological studies 

(Podwysocki et al., 1983). Many geological studies have employed TM and ETM+ data to 

discriminate the various lithologies, lineaments and minerals by using hyper-spectral laboratory 

(Abrams., 1984). 

 

1.2        STATEMENT OF PROBLEM 

The study area has been noted to be a highly mineralized zone due to evidences of deep seated 

linear features which acted as conduits for primary mineralization(Obaje.,2009).There are several 

studies that showed that Bida Basin is closely related with the crustal movements of  the 

Santonian orogeny of Southeastern Nigeria( Obaje et al.,2011). Speculations also abound on the 

possibility of hydrocarbon occurrence within the basin. Despite the fact several studies have been 

carried out on the structure, petrology, sedimentology and petroleum geology of the study area, it 

is however believed that detailed work have not been done on the geo-tectonic and geothermal 

history of the study area. Similarly, there is little or no work carried out to establish the 

relationship between presence of minerals and hydrocarbons with the geo-tectonic and 

geothermal history of the study area. This work was therefore aimed at a detailed structural and 

tectonic study of the study area with the purpose of evaluating the implications on hydrocarbon 

and geothermal exploration in the study area. 
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1.3                             AIM AND OBJECTIVES OF STUDY 

The aim of this study is to carry out a detailed structural and geothermal interpretation over 

Lokoja area and environs, Bida Basin Nigeria using aeromagnetic and Landsat-ETM+ Data. The aim 

will be achieved based on the following objectives: 

i. To determine anomalous geological features using magnetic signatures. 

ii. To produce lineament and lineament density map of the study area using HARM and 

Landsat-Data. 

iii. To determine the depth to basement using spectral analysis. 

iv. To generate geo-models using 3D Euler deconvolution for carrying out detail structural 

features and their depth in the study area. 

v. To determine the mineralization potential of the study area using HARM data. 

vi. To determine the geothermal potential of the study area using curie point isotherm. 

vii. To determine the hydrocarbon potential of the study area. 

1.4 JUSTIFICATION OF PRESENT STUDY 

Despite the fact that several studies have been carried out using various geophysical methods to 

investigate basement depth and structures in the Bida Basin, it is still believed that there is need 

for studies to investigate the thermal history of the study area and their relationship with 

hydrocarbon exploration. This is in line with the vision of the present government of the Federal 

Republic of Nigeria which is undertaking a vigorous diversification of the frontiers of petroleum 

reserves of the country by detailed exploration of frontier/inland sedimentary basins. This work is 
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therefore carried out to investigate the hydrocarbon and geothermal energy potentials of the 

study area. 

 

1.5 SCOPE OF WORK 

The research was restricted to the study and geological interpretation of the Aeromagnetic and 

Landsat data of Lokoja formation, part of Bida Basin which lies between latitudes 7 ̊N and 8 ˚N and 

longitudes 6 ˚E and 7 ˚E.It is limited to the structural interpretation using High Resolution 

Aeromagnetic data and Landsat imagery of the area and to determine the geologic history and 

geo-dynamic of the mineral ore within the study area.  This study is limited to the information that 

can be derived from the potential field and satellite sensor images. Data collection in the study 

area was made possible through the use of High Resolution Aeromagnetic and landsat Data 

application .There was no ground follow up. 

1.6 LOCATIONANDPHYSIOGRAPHY OF THE STUDY AREA. 

The area of study is the Lokoja and its evirons, Bida basin and is bounded by latitudes of 7 ̊N and 8 

˚N and longitude of 6 ˚E and 7 ˚E.  It is an area of about 12,000 km2 situated at the West-Central 

Nigeria  .The Bida Basin (also known as the Nupe Basin or the Middle Niger Basin) is an elongated 

NW-SE trending depression perpendicular to the main axis of the Benue Trough of Nigeria. It 

covers an area of about 90,760kmsquared.Geomorphologyically, the study area is located on an 

undulating terrain of basement complex bounded to the north by sedimentary rocks typically 

occurring as high hills (Obaje et al.,2009) . The Lokoja sub – basin of the Bida basin is characterized 

by rugged topography. This is typical of Mount Patti, a linear NW – SE ridge parallel to Agbaja 
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Plateau both following the basin trend and perpendicular to the main axis of the Benue trough 

(Falconer, 1911). These highlands are capped by indurated and ferruginous sandstones. The 

dominant lithologic units in the study area are gneisses of migmatite, biotite and granite which are 

regionally emplaced; the ferruginous quartzite is the source of the iron ore mineralization in the 

area (Olade, 1975).From a tectonic point of view, the area is confined to the southern limb of a 

large Itakpe – Ajabonoko anticline with enclosing rocks and conformable ore layer sticking sub – 

latitudinally and slightly bending to the north and dipping southward at angles ranging from 40 ̊ to 

80˚ (Rasheed et al 2011).Slope failure is prominent in the study, this may be accounted for as a 

result of the exploration and mining activities within the area. The distribution of vegetation in the 

study area depends on the immediate surface outcrop of the rock units, drainage and the general 

topography. The study area is drained mainly by the lokoja River with many tributaries such as 

Okene, Osara and Ojoji Rivers (Fig.1.2) which in turn empties into the Atlantic Ocean. The Rivers 

are perennial and usually overflow their banks at the peak of the rainy season. The high rate of 

runoff and the dense mature drainage pattern makes the soils generally perfect to imperfectly 

drain. 
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Fig.1.1: Map showing location of the study area 
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       Fig.1.2: Drainage Map of   the Study Area. 

 

1.7 GEOLOGY OF THE STUDY AREA. 

Most of Lokoja is underlain by crystalline basement generally strongly folded rocks assigned to the 

Basement Complex of the southwestern Nigeria. The remaining area is underlain by gently dipping 

Cretaceous and Tertiary sediments which unconformably overlie the Basement Complex. Recent 

alluvium covers a considerable area around the Niger/Benue confluence in a continuous strip upto 

4km wide along the valley of the lower Niger between Lokoja and Idah (Geological Survey of 

Nigeria, 1986).The Basement Complex rocks comprise of migmatite, undifferentiated older 

granite, mainly porphyroblastic granite, granite gneiss with porphyroblastic gneiss and fine grained 

biotite granite. Also, pegmatite and quartz veins occur as minor intrusives. The rocks crop out as 
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ridges, whalebacks and inselbergs along the Lokoja –Ajaokuta road. They have northerly trends 

and have definite geological contacts with associated rocks. According to Caen – Vachette and 

Ekwueme (1988), the migmatite and gneiss in the Lokoja – Okene area are Eburnean (+2500ma) 

and Kibaran, (+1000ma),while the granite, pegmatite and quartz veins are Pan African 

(550±150ma) in age. Structural features associated with the Basement complex rocks include 

fractures, foliations and folds. These structures display major trends including N – S, NNE – SSW 

and NNW – SSE directions prominently occupied by the river Niger, and E – W Trending fractures. 

The area fall under the banded iron formation of Nigeria, which occur in metamorphosed folded 

bands, associated with Precambrain basement complex rocks. They low meta-sediments, high 

grade schist, gneisses and migmatites. This group are well known to have occurred notably around 

Lokoja-Okene , Itakpe, Ajabanoko, Chokochoko, Toto Muro and Taijimi. In the northwestern parts 

of Nigeria, the banded iron Formation occurs sporadically in narrow band and lenses inter-bedded 

with massive green phyllites, feebly developed slaty rock and amphibolites. The dominated 

lithologic units in the area are gneisses of migmatite, biotite and granite. Olade, (1975) pointed 

that the ferruginous quartzite is the source of the iron ore mineralization. The southeastern part 

of the study area is more sedimentary.The southern Bida basin section of the study area is 

Cretaceous (136–65 Ma) and forms part of the larger Bida basin. In the basin section, the Pre–

Cambrian (4600–570 Ma) to lower Paleozoic (570–500 Ma) basement gneisses and schist is 

overlain by alternating shales, siltstones, claystones and sandstones (Obaje, 2009; Obaje et al., 

2011). The sandstones (Nupe) consist of slightly cemented fine to coarse–grained sandstones and 

siltstones with interbedded thin beds of carbonaceous shales and clays. The basin consists of the 

basal Lokoja Formation, overlain by the Patti Formation and capped by the Agbaja Formation. 
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Fig.1.3: Geologic Map of Nigeria of the Study Area (Adopted from NGSA, 2011) 
 

The basal Lokoja Formation is a sequence of matrix supported conglomerates and sandstones 

overlying the Pre–Cambrian to lower Paleozoic basement. Depositional environments are 

predominantly within fluvial systems of a continental setting. Patti Formation consists of dark grey 

carbonaceous shales; mudstones and siltstones representing flood plains to shallow marine 

deposits with likely organic rich intervals.  
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Fig.1.4: The formations in the northern and southern bida basin are correlatable with those in 

the Anambra basin in the south east (Obaje et.al,2009) 

Agbaja Formation is made up of ferruginised oolitic and kaolinitic mudstone of a marginal 

environment (Akande et al., 2005).The surrounding Pre–Cambrian basement rocks consist of a suit 

of Pre–Cambrian gneisses, migmatites and metasedimentary schist crosscut by intrusive granitoids 

(Shekwolo, 1992). Lineaments are major topographical features or geological structures that could 

be of regional extent usually in linear or curvilinear continuous or discontinuous over an entire 

length. Lineaments may result from faults, joints, folds, contacts or other geological reasons, and 

are found in igneous, sedimentary and metamorphic rocks. Lineament mineral association is 

possible through the process of mineralization. (Ananaba and Ajakaiye., 1987) showed good 

correlation between areas of high lineament density and the areas where there is occurrence of 

most primary minerals such as gold, iron ore, cassiterite, tantalite, clay and uranium. The 

lineament map shows several lineaments trending in various directions namely north–south,east–
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west, northeast–southwest and northwest–southeast. Both basement and sedimentary sections 

have linear features trending in north–south and east–west directions. There are cross cutting of 

lineaments occurs mostly within the southern Bida basin section.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.0 REVIEW OF RELATED LITERATURE 

These techniques have been used differently for geologic interpretations with outstanding 

success. Remote sensing techniques areused because of their cost effectiveness, their ability 

toaccess areas that are difficult to access and because thedata can be collected frequently and 

rapidly on a largescale. Geophysical techniques arenon-invasive and can furnish broad, composite 

images ofthesubsurface over large areas at relatively lower cost andhigher speed. In the extant 

age of geoinformationtechnology, it is almost becoming the norm to combineremote sensing and 

geophysical techniques in geological studies. This method can be used in mapping of fracture and 

fault system of the basement rock which possibly controls the mineralization of any area.  

Basement structures and depth can be delineated and mapped using magnetic data. Trends in 

magnetic features often have related trend in the overlying sediments.  Systematic offset of 

magnetic anomalies may indicate strike-slip faults; which have displaced basement rocks; possibly 

affected the sediment section. Aeromagnetic surveys have become common in hydrocarbon 

exploration and mineral deposits in recent years. The development of more accurate 

magnetometer, aircraft positioning and data processing have led to the acquisition of high 

resolution aeromagnetic surveys. Initial gravity studies in the Bida Basin put the maximum 

thickness of the sedimentary successions at about 3.5 km (Ojo., 1984) in the central axis. Although 

the hydrocarbon potential of the basin has not been fully tested with seismics and the basin 

remains undrilled, both ground and aeromagnetic studies by various workers have outlined the 

basin configuration (Adeniyi., 1985;Udensi and Osazuwa., 2004). Modern spectral analysis of the 
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residual total magnetic field values over several sections of the basin reveals an average depth to 

the basement rocks to be ca. 3.4 km with sedimentary thickness of up to 4.7 km in the central and 

southern parts of the basin (Udensi and Osazuwa., 2004). In general, sediment thickness decreases 

smoothly from the central portion to the flanks of the Basin. (Akande et al.,2005) interpreted the 

paleo-environments of the sedimentary successions in the southern Bida Basin as ranging from 

continental to marginal marine and marsh environments for the Cretaceous lithofacies. Whereas 

the origin of the oolitic ironstones in the Bida Basin has been a principal subject of several workers 

(e.g. Adeleye,1973;Ladipo et al., 1994; Abimbola., 1997), only few investigations have been made 

on the hydrocarbon prospectivity of the basin. (Sharma., 1987) summarized that of all geophysical 

methods, magnetic mapping is the oldest, simplest, most reliable and widely used technique for 

locating both hidden ores and structures associated with mineral deposits. Interpretations of 

Landsat images, borehole logs, as well as geophysical data across the entire Mid-Niger Basin 

suggest that the basin is bounded by a system of linear faults trending NW–SE (Kogbe et al., 1983). 

Gravity studies also confirm central positive anomalies flanked by negative anomalies as shown for 

the adjacent Benue Trough and typical of rift structures (Ojo, 1984; Ojo and Ajakaiye., 1989). 

(Rotherly., 1987)recognized rock types in the Oman ophiolite using Landsat Thematic Mapper (TM) 

imagery. (Igbokwe and Ayomaya., 2004)carried out gully erosion mapping and monitoring in parts 

of southeastern Nigeria using satellite imagery.(Ananaba and Ajakaiye., 1987) made a lineament 

density map of Nigeria using  Landsat frames. The lineament density map has been compared with 

the primary mineral occurrences map and results revealed good correlation between the areas of 

high lineament density and the areas where the occurrences of most primary minerals and also 

this correlation suggests that major mineralization is tectonically controlled.(Stefouli and 
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Angelopulos., 1990) studied the area using Landsat and aero-magnetic data. This work appears on 

the first issue of geological series sheet 62 which map show the sedimentary rock in detail but 

show only the extent of the in differentiated basement. Ministry of mines, power and steel and 

geological survey of Nigeria (1922) worked in the geology of Lokoja – Auchi Area. (Amigun and 

Ako., 2009) worked on rock density as a tool in mineral prospecting in Ajabanoko iron ore deposit, 

Okene SW Nigeria. This work review three ore bodies within the area, the Southern ore zone, 

Centre ore zone and Northern ore zone.(Emmanuel et al., 1993) estimated the iron ore reserve of 

the Itakpe iron ore deposit okene, using a geostatistical model in data obtained from the borehole. 

This work helps to describe the mineral resourses of the study area. (Nwankwo et al., 2006) also 

made a detailed survey on geological structure in the western part of central Nigeria. The survey 

centers on the mineralization and the structural trend in the area.(Onwuemesi., 1995) carried out 

an analysis of the Magnetic data over theAnambra Basin. He demonstrated   that the basement 

depths vary between0.9-5.6km, while the depth to Curie temperature isotherm varies between16 

Km to 30km below the mean sea level. Also( Ofoegbu., 1985),interpreted long wavelength profiles 

and found that the depth to the curie point isotherm underneath the upper Benue Trough ranges 

between 18km to 27km.He suggested the existence of lateral and vertical changes in the 

composition of the crust in this area. (Ofoegbu., 1988) has made studies of magnetic profiles from 

the lower, Middle and upper Benue Trough. Some of the anomalies were also interpreted as deep 

seated faults. (Rasheed et al.,2011) did a work on slope stability analysis of Itakpe iron ore mine; 

this work reveals that the Itakpe ridge consist of mainly Precambrian rocks. Furthermore, (Salemo 

et al., 2010) did a work on the Tectonic interpretation from aeromagnetic map of Okigwe-Oguta, 

south of Benue Trough, Nigeria. 
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2.1THEORETICAL FRAMEWORK 

2.2.1 MAGNETIC METHOD 

This is a well-organised method to survey large areas for underground iron and steel objects such 

as tanks and barrels. Magnetic measurement of the Earth’s total magnetic field and local magnetic 

gradients are usually made with proton precession magnetometers at points along a line which 

should be oriented at a high angle to the suspected trend of structures. For local surveys, the 

Earth’s ambient field may be examined uniform. Local geological and cultural magnetic materials 

will then express their distribution by local perturbations in the Earth’s field. In general 

sedimentary rocks are non-magnetic while igneous and metamorphic rocks are magnetic. 

2.2.2Principles of Aeromagnetic (Airborne Magnetic) Survey 

An aeromagnetic survey is the commonest type of geophysical survey carried out using a 

magnetometer aboard or towed behind an aircraft. It is the oldest potential field method used for 

hydrocarbon exploration. The aeromagnetic geophysical method plays an important role when 

compared with other geophysical methods in its rapid rate of coverage and low cost per unit area 

explored. It works in a similar way to that of magnetic survey carried out with a hand-held 

magnetometer, but allows much larger areas of the earth’s surface to be covered quickly for 

regional reconnaissance. The aircraft typically flies in a grid-like pattern with height and line 

spacing determining the resolution of the data (and cost of the survey per unit area).As the aircraft 

flies, the magnetometer records tiny changes in the intensity of the ambient magnetic field due to 

the temporal effects of the constantly varying solar wind and spatial variations in the earth’s 

magnetic field, the latter being due both to the regional magnetic field, and the local effect of 

magnetic minerals in the earth’s crust. By subtracting the solar and regional effects, the resulting 

aeromagnetic map shows the spatial distribution and relative abundance of magnetic minerals in 

the upper levels of the crust. Aeromagnetic data was once presented as contour plots, but now is 

more commonly exposed as colored and shaded computer generated pseudotopography images. 
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The apparent hills, ridges and valleys are referred to as aeromagnetic anomalies, while the 

differences between actual measurements and theoretical values indicate anomalies in the 

magnetic field. These anomalies in turn represent changes in rock type or in thickness of rock 

units. 

2.2.3 Rock Magnetic Properties 

A rock can be defined as a heterogeneous assemblage of minerals. The matrix minerals are mainly 

silicates or carbonates, which are diamagnetic in character. Interspersed in this matrix is a lesser 

quantity of minor minerals (such as the clay minerals) that have paramagnetic properties. The bulk 

of the constituent minerals in a rock contribute to the magnetic susceptibility but are incapable of 

any contribution to the remnant magnetic properties, which are due to a dilute dispersion of 

ferromagnetic minerals(e.g., commonly less than 0.01% in a limestone). The variable 

concentrations of ferromagnetic and matrix minerals result in a wide range of susceptibilities in 

rocks (Table1). The weak and variable concentration of ferromagnetic minerals plays an important 

role in determining the magnetic properties of the rock that are significant geologically and 

geophysical. The most significant factors influencing rock magnetism are the type of ferromagnetic 

mineral, its grain size, and the manner in which it acquires a remnant magnetization. The remnant 

component (also a vector) is based on the permanent alignment of magnetic domains within 

magnetic minerals and is measured using Paleo-magnetic methods (Butler, 1992). Igneous and 

crystalline metamorphic rocks commonly have high total magnetizations in contrast to other rock 

types, whereas sedimentary rocks and poorly consolidated sediments have much lower 

magnetizations (Reynolds et al., 1990; Hudson et al., 1999 ). 
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Table1.ShowingTypical Magnetic Susceptibilities of Earth Materials.(Dobrin and Savit, 
1988). 

Rock (Mineral) Type Susceptibility (c.g.s.) 

Magnetite  0.3 -0.8 

Pyrrhotite  0.028 

Ilmenite  0.044 

Specularite  0.004 

Iron Formation  0.056 

Basalt  0.00295 

Diabase  0.00259 

Rhyolite  0.00112 

Gabbro  0.00099 

Granite 0.00047 

Other Acid Intrusive  0.00035 

Ely Greenstone  0.00009 

Slates  0.00005 

Sedimentary Rocks  0.00001 to 0.001 

 

2.2.4 AEROMAGNETIC  DATA SOURCE 

The major objective of data processing of the aeromagnetic data is to systematically separate the local 

anomalies from regional magnetic anomalies and for enhancement of these anomalies, there are several 

analytical processes and methods used for analysis of aeromagnetic data.  These methods are discussed in 

details for a better clarification. 
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2.2.4.1Filtering of Aeromagnetic Map 

Filtering is a way of separating signals of different wavelength to isolate and hence enhances any 

anomalous feature with a certain wavelength. A rule of thumb is that the wavelength of an 

anomaly divided by three or four is approximately equal to the depth at which the body producing 

the anomaly is buried. Thus filtering can be used to enhance anomalies produced by features in a 

given depth range. Traditional filtering can be either low pass (Regional) or high pass (Residual). 

Thus the technique is sometimes known to as Regional-Residual Separation. Bandpass filtering 

isolates wavelengths between user-defined upper and lower cut-off limits. In geophysical 

exploration, not every signal may be of interest thus; there is always a need for filtering processes. 

Near surface or shallow anomalous sources usually produce relatively short wavelength 

disturbance. Practically, in the manual digitization of aeromagnetic map, certain short-

wavelengths are removed to allow a pass of longer wavelength disturbances of lower wave 

numbers. This is referred as a low-pass filter. The noise aeromagnetic maps are removed by low 

pass filtering, which thus produces a smoother map than the original. Alternatively, the filter in the 

Fourier domain is designed to eliminate longer wavelengths and pass shorter ones. This is known 

as high pass filter. Generally, several vintage of filters were used in order to find out the best filter 

for area of study.  
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CHAPTER THREE 

METHODOLOGY 

3.0 Aeromagnetic Data Interpretation 

3.1. Qualitative Interpretation 

The qualitative interpretation of a magnetic anomaly map begins with a visual inspection of the 

shapes and trends of the primary anomalies. Qualitative interpretation involves the description of 

the survey results and the explanation of the major features revealed by a survey in terms of the 

types of likely geological formations and structures that give rise to the evident anomalies. 

Typically, some geological information is available from outcrop evidence within the survey area 

(or nearby) and very often the role of the geophysical data is to extend this geological knowledge 

into areas where there is no outcrop information (i.e. extrapolation from the known to the 

unknown) or to extend mapped units into the depth dimension (i.e. to help add the third 

dimension to the mapped geology).After delineation of the structural trends, a detailed 

examination of the characteristic features of each individual anomaly is carried out. These features 

are: the relative locations and amplitudes of the positive and negative contour parts of the 

anomaly, the elongation and aerial extent of the contours and the sharpness of the anomaly as 

seen by the spacing of contours (Sharma, 1976):Accordingly, the following items are taken in 

considerations during qualitative interpretation of the aeromagnetic map :In sedimentary regions, 

particularly where the basement depth exceeds 1.5 km, the magnetic contours are normally 

smooth and variations are small, reflecting the basement rocks rather than the near surface 

features (Telford et al., 1998). The magnetic relief observed over sedimentary basin areas is 



22 

almost always controlled more by the lithology of the basement than by its topography (Dobrin 

and Savit, 1988). Meanwhile, in regions where igneous and metamorphic rocks predominate, 

usually exhibit complex magnetic variations. Deep features are frequently camouflaged by higher 

frequency magnetic effects originating nearer to the surface (Telford et al., 1998).Changes in the 

magnetization of basement rocks a mile or more deep may result in magnetic anomalies up to 

several thousand gammas (nT) in magnetic readings at the surface. At the same depth, structural 

relief on the basement surface as great as 900 ft (~ 274.30 m) would seldom produce anomalies 

larger than 50 gammas (Dobrin and Savit, 1988). The density of contour lines often provides a 

useful criterion for indicating structures. The closer the contours, i.e., the greater the gradients, 

the shallower, in general, is the source. Any sudden variation in the spacing over an appreciable 

distance suggests a discontinuity in depth, possibly a fault (Dobrin, 1983).The magnetic anomalies 

of large areal extent reflect a deeper source than small-size anomalies (Vacquier et al., 

1951).Often, a well-defined boundary between zones with appreciably different degrees of 

magnetic relief can indicate the presence of a primary basement fault (Dobrin and Savit, 1988). 

3.2 Quantitative Interpretation 

Quantitative interpretation deals with numerical estimates of the depth and dimensions of the 

sources of anomalies and this often takes the form of modelling of sources which could, in theory, 

replicate the anomalies recorded in the survey. In other words, conceptual models of the 

subsurface are created and their anomalies calculated in order to see whether the earth-model is 

consistent with what has been observed, i.e. given a model that is a suitable physical 

approximation to the unknown geology, the theoretical anomaly of the model is calculated 
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(forward modelling) and compared with the observed anomaly. The model parameters are then 

adjusted in order to establish better agreement between observed and calculated anomalies. 

3.3  Concept of Remote Sensing 

Remote sensing the act of recording, observing and perceiving (sensing) objects or events in far-

away (remote) places. In remote sensing, the sensors are not in direct contact with the objects or 

events being observed. Electromagnetic radiation is used as the information carrier in remote 

sensing. The output of a remote sensing system is usually an image representing the scene being 

observed. In a more restricted sense, remote sensing refers to the science and technology of 

acquiring information about the earth’s surface (i.e., land and ocean) and atmosphere using 

sensors onboard airborne (e.g., aircraft or balloons) or space-borne (e.g., satellites and space 

shuttles) platforms. Depending on the scope, remote sensing may be broken down into: Satellite 

remote sensing (when satellite platforms are used), photography and photogrammetry (when 

photographs are used to capture visible light), thermal remote sensing (when the thermal infrared 

portion of the spectrum is used),radar remote sensing (when microwave wavelengths are used), 

and LiDAR remote sensing (when laser pulses are transmitted toward the ground and the distance 

between the sensor and the ground is measured based on the return time of each pulse).The 

range of remote sensing applications includes archaeology, agriculture, cartography, civil 

engineering, meteorology and climatology, coastal studies, emergency response, forestry, geology, 

geographic information systems, hazards, land use and land cover, natural disasters, 

oceanography, water resources, and so on.  
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3.4 Principles of Electromagnetic Radiation 

Remote sensing takes   two forms of sensoring systems depending on how the energy is used and 

detected. Passive remote sensing systems deals with recording the reflected energy of 

electromagnetic radiation or the emitted energy from the earth, such as cameras and thermal 

infrared detectors. Active remote sensing systems send out their own energy and record the 

reflected portion of that energy from the earth’s surface, such as radar imaging systems. 

Electromagnetic radiation is a form of energy with the characteristics of a wave, and its major 

source is the sun. Solar energy traveling in the form of waves at the speed of light (denoted as c 

and equals to 3.108 ms–1) is known as the electromagnetic spectrum (Fig.2.1). The waves 

propagate through time and space in a manner rather like water waves, but they also oscillate in 

all directions perpendicular to their direction of travel. Electromagnetic waves may be 

characterized by two principal measures: wavelength and frequency. The wavelength λ is the 

distance between successive crests of the waves. The frequency µ is the number of oscillations 

completed per second. Wavelength and frequency are related by the following equation: 

C = λ . μ                                                                                                         3.1 

The electromagnetic spectrum, despite being seen as a continuum of wavelengths and 

frequencies, is divided into different portions by scientific convention. Major divisions of the 

electromagnetic spectrum, ranging from short-wavelength, high-frequency waves to long-

wavelength, low-frequency waves, include gamma rays, x-rays, ultraviolet (UV) radiation, visible 

light, infrared (IR) radiation, microwave radiation and radiowaves. 
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Figure 2.1: The electromagnetic spectrum showing the spectral bands (Noam Levin,1999) 

3.5  Application of Landsat Satellite 

The wide range of applications of the Landsat data has proved undoubtedly to be a true 

benefactor of humanity. These applications are disscused below: 

Land Use and Mapping: they include: classification of land uses, cartographic mapping and 

map updating, categorization of land capability, separation of urban and rural categories 

(monitoring urban growth), regional planning, mapping of transportation networks. 

Mapping of land – water boundaries and mapping of fractures. 

Geology: Recognition of rock types, mapping of major geology units, revising geology 

maps, delineation of unconsolidated rock and soils, mapping igneous intrusions, mapping 
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recent volcanic surface deposits, mapping land forms, search for surface guides to 

mineralization, determination of regional structures and mapping linear feature. 

Water Resources: description of water boundaries and surface water area and volume, 

mapping of floods and flood plains, determination of a real extent of snow and snow 

boundaries (estimating snow melt run-off), measurement of glacial features, measurement 

of sediment and turbidity patterns, determination of water depth, determination of 

irrigated fields and discovery of lakes. 

Environment: monitoring surface mining and reclamation, mapping and monitoring of 

water pollution (e.g. tracing oil spills and pollutants), detection of air pollution and its 

effects, determination of effects of natural disasters and monitoring environmental effects 

of man’s activities (e.g. lake entrophication, defoliation etc). 

3.6  Remote Sensing Data Analysis and Interpretation 

Remotely sensed data can be used to obtain thematic and metric information, making it ready for 

input into GIS. Thematic information provides descriptive data about earth surface features. 

Themes can be as diversified as their areas of interest, such as soil, vegetation, water depth, and 

land cover. Metric information includes location, height, and their derivatives, such as area, 

volume, slope angle, and so on. Thematic information can be obtained through visual 

interpretation of remote sensing images (including photographs) or computer based digital image 

analysis. Metric information is extracted by using the principles of photogrammetry. 
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3.7 Photographic/Image Interpretation and Photogrammetry 

Photographic interpretation deals with the act of examining aerial photographs/images for the 

purpose of identifying objects and judging their significance (Colwell, 1997). The activities of aerial 

photo/image interpreters may include: detection/identification, measurement, and problem 

solving. In the process of detection and identification, the interpreter identifies objects, features, 

phenomena, and processes in the photograph and conveys his or her response by labeling. Seven 

elements are used commonly in photographic/image interpretation: tone/color, size, shape, 

texture, pattern, shadow, and association. Tone/color is the most important element in 

photographic/image interpretation. Tone refers to each distinguishable variation from white to 

black and is a record of light reflection from the land surface onto the film. The more light 

received, the lighter is the image on the photograph. Color refers to each distinguishable variation 

on an image produced by a multitude of combinations of hue, value, and chroma. Size provides 

another important clue in discrimination of objects and features. Both the relative and absolute 

sizes of objects are important. An interpreter also should judge the significance of objects and 

features by relating to their background. The shapes of objects/features can provide diagnostic 

clues in identification. It is worthy to note that human-made features often have straight edges, 

whereas natural features tend not to. Texture refers to the frequency of change and arrangement 

in tones. The visual impression of smoothness or roughness of an area often can be a valuable clue 

in image interpretation. For example, water bodies typically are finely textured, whereas grass is 

medium and brush is rough, although there are always exceptions. Pattern is defined as the spatial 

arrangement of objects. It is the regular arrangement of objects that can be diagnostic of features 

on the landscape Human-made and natural patterns are often very different. Pattern also can be 



28 

very important in geologic or geomorphologic analysis because it may reveal a great deal of 

information about the lithology and structural patterns in an area. Shadow relates to the size and 

shape of an object. Geologists like low-sun-angle photography because shadow patterns can help 

to identify objects. Steeples and smoke stacks can cast shadows that can facilitate interpretation. 

3.8 Digital Image Preprocessing 

In the context of digital analysis of remotely sensed data, the basic elements of image 

interpretation, although developed initially based on aerial photographs, also should be applicable 

to digital images. However, most digital image analysis methods are based on tone or color, which 

is represented as a digital number (i.e., brightness value) in each pixel of the digital image. As 

multi-sensor and high spatial resolution data have become available, texture has been used in 

image classification, as well as contextual information, which describes the association of 

neighboring pixel values. Before main image analyses take place, preprocessing of digital images 

often is required. Image preprocessing may include detection and restoration of bad lines, 

geometric rectification or image registration, radiometric calibration and atmospheric correction, 

and topographic correction. Geometric correction and atmospheric calibration are the most 

important steps in image preprocessing. Geometric correction corrects systemic and 

nonsystematic errors in the remote sensing system and during image acquisition (Lo and Yeung, 

2002). It commonly involves digital rectification, a process by which the geometry of an image is 

made planimetric, and re-sampling, a process of extrapolating data values to a new grid by using 

such algorithms as nearest neighbor, bilinear, and cubic convolution. Accurate geometric 
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rectification or image registration of remotely sensed data is a prerequisite, and many textbooks 

and articles have described them with details (e.g., Jensen, 2005). 

3.9 Image Enhancement and Feature Extraction 

 Image enhancement methods can be grouped into three categories: contrast enhancement, 

spatial enhancement, and spectral transformation. Contrast enhancement involves changing the 

original values so that more of the available range of digital values is used, and the contrast 

between targets and their backgrounds is increased (Jensen, 2005).Spatial enhancement applies 

various algorithms, such as spatial filtering, edge enhancement, and Fourier analysis, to enhance 

low or high-frequency components, edges, and textures. Spectral transformation refers to the 

manipulation of multiple bands of data to generate more useful information and involves such 

methods as band rationing and differencing, principal components analysis, vegetation indices, 

and so on. Feature extraction is often an essential step for subsequent thematic information 

extraction. Many potential variables may be used in image classification, including spectral 

signatures, vegetation indices, transformed images, textural or contextual information, multi-

temporal images, multi-sensor images, and ancillary data. Because of different capabilities in class 

separability, use of too many variables in a classification procedure may decrease classification 

accuracy (Price et al., 2002). Many feature-extraction approaches have been developed, including 

principal components analysis, minimum-noise fraction transform, discriminate analysis, decision-

boundary feature extraction, nonparametric weighted-feature extraction, wavelet transform, and 

spectral mixture analysis (Asner and Heidebrecht, 2002; Landgrebe, 2003; Lobell et al., 2002; 

Myint, 2001; Neville et al., 2003; Okin et al., 2001; Rashed et al., 2001; Platt and Goetz, 2004). 
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3.9.1 Image Classification 

Image classification deals with spectral information represented by digital numbers in one or more 

spectral bands and attempts to classify each individual pixel based on the spectral information. 

The objective is to assign all pixels in the image to particular classes or themes (e.g., water, forest, 

residential, commercial, etc.) and to generate a thematic “map.” It is important to differentiate 

between information classes and spectral classes. Generally, there are two approaches to image 

classification: supervised and unsupervised classification (Fig. 2.2).In a supervised classification, the 

analyst identifies in the imagery homogeneous representative samples of different cover types 

(i.e., information classes) of interest to be used as training areas. Each pixel in the imagery then 

would be compared spectrally with the training samples to determine to which information class 

they should belong. Supervised classification employs such algorithms as minimum-distance-to-

means, parallelepiped, and maximum likelihood classifiers (Lillesand et al., 2008). In an 

unsupervised classification, spectral classes are first grouped based solely on digital numbers in the 

imagery, which then are matched by the analyst to information classes. The logic or steps involved 

in the two methods of classification can be grasped from these flow diagrams: 
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Figure2.2: Flow Diagrams for Supervised and unsupervised Image Classification.(Thomas 
Lillesand$Ralph Kiefer,1999) 

  

3.9.2 CONTRAST STRETCHING    

The programs that convert the raw Digital Number (DN) values from individual bands into 

photographs or computer displays often produce visually poor products, especially if there is a 

narrow range of DN’s which is usually the case.  The DN range for digital data is usually 8 bit (0-

255), but most imagery would have DN values occupying just a limited fraction of the normal 8 bit 

range.  This is improved, often greatly, by applying contrast-stretching methods, which includes 

simple linear stretch, linear stretch with saturation and histogram equalization stretches.  The 

simplest is the simple linear stretch which involves spreading the range of data equally over the 

range 0-255 range, so that the minimum DN is set to 0 and the maximum set to 255.  For linear 
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stretch with saturation, a user-defined percentage of the total range is assigned a single value; this 

is applied to both ends of a histogram.  Most times, it will be observed that the distribution of DN 

values is uneven; in this case, a histogram-equalized stretch may be better.  This stretch assigns 

more display values (range) to the frequently occurring portions of the histogram.  In this way, the 

detail in these areas will be better enhanced relative to those areas of the original histogram 

where values occur less frequently. A histogram equalization stretch was conducted using the 

appropriate module in ILWIS 3.1 academic.  This was done for all the seven TM bands used.  The 

result was compared to that of a linear stretch with saturation and it was found that for this study 

a histogram equalization stretch is most suitable.    

3.9.3 SPATIAL FILTERING          

Spatial filtering comprises another set of digital processing functions, which are used to enhance 

the appearance of an image.  Spatial filters are designed to highlight or suppress specific features 

in an image, based on their spatial frequency.  Spatial frequency is related to the concept of image 

texture; it refers to the frequency of the variations in tone that appear in an image.  “Rough” 

textured areas of an image, where the changes in tone are abrupt over a small area, have high 

spatial frequencies; while “smooth” areas with little variation in tone over several pixels, have low 

spatial frequencies.  A common filtering procedure involves moving a ‘window’ of few pixels in 

dimension for example, 3×3, 5 ×5, etc., over each pixel in the image, applying a mathematical 

calculation using the values under that window, and replacing the central pixel with the new value.  

The window is moved along in both the row and column dimensions one pixel at a time and the 

calculation is repeated until the entire image has been filtered and a “new” image is generated.  
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By varying the calculation performed and the weightings of the individual pixels in the filter 

window, filters can be designed to enhance or suppress different types of features. 

A low-pass filter is designed to emphasize larger, homogenous areas of similar tone and 

reduce the smaller, detail in an image.  Thus, low-pass filter generally serve to smooth the 

appearance of an image.  High-pass filters do the opposite and serve to sharpen the appearance of 

fine detail in an image.  One implementation of a high-pass filter first applies a low-pass filter to an 

image and then subtracts the result from the original, leaving behind only the high spatial 

frequency information.  Directional, or edge detection filters are designed to highlight linear 

features, such as roads or field boundaries.  These filters can also be designed to enhance 

features, which are oriented in specific directions.  Hence, they are useful in the enhancement of 

linear geological structures. Two major filters were applied to the band 5 imagery using ILWIS 3.0 

filter module: Laplace filter and edge enhancement filter.  This was done to increase the spatial 

frequency of the imagery so as to enhance high frequency features, which would include fractures.  

The edge enhancement filter image was observed to be more appropriate for this work.       

3.9.4 COLOUR COMPOSITE GENERATION 

Colour composites are mostly applied in visual analysis.  They make fullest use of the capabilities 

of the human eye.  Depending upon the graphics system in use, composite generation ranges from 

simply selecting the bands to use, to more involved procedures of band combination and 

associated contrast stretch.  The IDRISI COMPOSITE (2000) module is used to construct three band 

colour composites. This resulted into 24 –bit images with original values and stretched saturation 

points presented in RGB. 
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3.9.5 IMAGE TRANSFORMATION  

Typically, image transformation involves the manipulation of multiple bands, whether from a 

single multispectral image or from two or more images of the same area acquired at different 

times (multispectral image data).  Either way, image transformations generate “new” images from 

two or more sources, which highlight particular features or properties of interest, better than the 

original input images.  Basic image transformation procedures useful for geological applications 

include: Principal Component Analysis (PCA) and Vegetation index (VI)     

3.9.6 VEGETATION INDEX. 

These are variety of vegetation indices that have been developed to help in the monitoring of 

vegetation.  Most are based on the very different interactions between vegetation and 

electromagnetic energy and in the red and near-infrared wavelengths. A generalized special 

response pattern for green broad leaf vegetation show that reflectance in the red region (about 

0.6 - 0.7µm) is low because of absorption by leaf pigments (principally chlorophyll).  The infrared 

region (about 0.8 – 0.9 µm), however, characteristically shows high reflectance because of 

scattering by the cell structure of the leaves.  A very simple vegetation index can thus be achieved 

comparing the measure of infrared reflectance to that of the red reflectance.  Although a number 

of variants of this basic logic have been developed, the one, which has received the most 

attention, is the normalized difference vegetation index (NDVI).  It is calculated using the formula:  

NDVI = (NIR − R)/ (NIR+R)   (B-C.Gao,1999)                                           (3.2) 

Where NIR = Near Infrared and R = Red.        
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3.9.7 DATA ACQUISATION 

The aeromagnetic maps were obtained from the Geological Survey Nigeria (NGSA 2011), compiled 

by FUGRD, South Africa during an airborne geophysical survey between2009 and 2011. Unlike the 

data acquired in 1972 by the Geological Survey of Nigeria (at nominal flight height of 152.4 m, 

along N-S flight lines that were spaced at 2 Km interval), which will not yield much deductions, 

because the data only represent anomalies greater than 4km (twice spatial sample interval, 

because of aliasing effect) and the old interpretation techniques used were. This data is high 

resolution. The nominal flight height of 76m along N-S flight lines spaced at 500m interval using 

advanced equipments with far higher resolution. The geomagnetic gradient was removed from the 

data using the International Geomagnetic Reference Field (IGRF, 2005). In this study, the digitizing 

process follows the basic acquired data along flight lines drawn on the map and the obtained data 

are shown as coloured filled contour maps. The data made in form of   4(four) contoured maps on 

a scale of 1:100,000, with sheet number of 246 (Kabba)  ,247 (Lokoja) ,266 (Auchi) and 267 (Idah) 

respectively. The area coverage was about 12100 km squared. 

3.9.8  DATA PROCESSING. 

3.9.8.1 AEROMAGNETIC DATA 

The first phase of digital processing of the contoured aeromagnetic total intensity field 

map on 1:100,000.  The map was digitized manually with a 2cm by 2cm (equivalent to 2km by 

2km) grid spacing. The method of interpolation adopted, is the Kriging method. This method 

determines the most probable value at each grid-node from the surrounding real data values.   

This was done by noting the coordinates (X and Y) and magnetic value (Z), forming a XYZ file. This 



36 

is continuously done at every grid-node interval across the flight-lines. This produces XYZ as text 

file. These are run a 2XYZ program of the United States Geological Service (USGS) Potential Field method 

(Version 2.2 software) and Surfer Software to convert the binary numbers to post files called PST files. The 

Detour program, a Fortran 77 program is launched to view the data on screen to check errors.  The Detour 

program produces the minimum and maximum values of X, Y, Z and shows the contour intervals. Geocon 

program a screen viewing shows the contouring interval. Then finally the contour program plots the 

Command (cmd) file to produce a total magnetic intensity map 

3.9.8.2LANDSAT ETM DATA ACQUISATION 

The seven-band Landsat Thematic Mapper image acquired on the 17th of December, 2000, 

belongs to a scene with Path number 188 and Row number 56 was obtained from the Earth 

Science Data Interface (ESDI) of the National Aeronautic and Space Agency (NASA). A Shuttle 

Radar Topographic Mission (SRTM) image of the same area was also obtained.  Also, a Shell 

1:250,000 geologic map of the Study area was re-digitized. The Landsat  Thematic Mapper 

data obtained was subjected to various image enhancement and transformation routines. 

For the image transformation, band ratios were generated using calculator module in 

IDRISI32. The ratios generated (3/4, 4/2, 3/1, 5/4) were employed to reduce the effects of 

shadowing as well as enhance the detection of certain features/ materials. For the image 

enhancement, 3 band RGB colour composites were created using the composite module of 

IDRISI32. This process was employed to enhance the spectral quality of the images. 

Generated composites include RGB 321, RGB 432, and RGB 541 as well as NDVI. 

The ratios generated were studied in detail and information extracted along with those 

obtained from Digital Elevation Model (DEM) was attributed to colour patterns observed 
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from the Colour composites. The Resulting Data obtained was employed in the 

classification of the images. 

For the purpose of this study, the maximum likelihood classification of IDRISI32 was 

utilized to perform supervised classification and it involved the following steps: 

Training sites were established on composites and digitized with polygons. Particular 

spectral signatures were assigned to each training site using the MAKESIG module in 

IDRISI32 (which analyzes the pixels within each training site before assigning spectral 

signatures. Classification of the entire image was then embarked on after assigning 

particular probability values for each signature using the MAXLIKE module in IDRISI32. 

Information obtained from the classified images, colour composites as well as the DEM of 

the Study area were combined in generating a new geologic map for the area. 

3.9.8.3 PREPROCESSINGOF LANDSAT ETM DATA  

 Preprocessing activities involve those operations that are normally required before the 

main data analysis and extraction of information, and are generally grouped as radiometric or 

geometric corrections.  Radiometric corrections include correcting the data for sensor 

irregularities and unwanted sensor or atmospheric noise, and converting the data.  So, they 

represent accurately, the reflected or emitted radiation measured by the sensor.  Geometric 

corrections include correcting for geometric distortions due to sensor-earth geometry variations, 

and conversion of the data to real world coordinates (latitude and longitude) on Earth’s surface.  

This produces an image that corresponds geometrically to a chosen coordinate system or map 

projection. 
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3.9.8.4 DATA REDUCTION AND ANALYSIS 

 The reduction of magnetic data is important, in order to remove all causes of magnetic 

variation from the observations other than those arising from the magnetic effects of the 

subsurface.  The contoured aeromagnetic data used for this study was obtained as part of the 

nation-wide aeromagnetic survey which was sponsored by the Geological Survey of Nigeria (GSN) 

and completed in 2011. Flight line direction was NNW-SSE at station spacing of 2km with flight line 

spacing of 2.0km at an altitude of about 150m terrain and a nominal tie line spacing of 20km. Tie 

lines were flown in an ENE-WSW direction. Regional correction of the magnetic data was based on 

the IGRF (epoch date of 1st January, 2005). For this study, 4(four) aeromagnetic sheets were used 

to cover the area within latitudes7 ̊N and 8 ˚N and longitudes 6 ˚E and 7 ˚E.  These maps are 

published on a scale of 1:100,000. The regional gradients were removed by fitting a plane surface 

to the data by multi- regression least squares analysis. The aeromagnetic map was digitized by 

using a low pass filter by digitizing across the flight lines with a spacing interval of 2km. The 

aeromagnetic data used were filtered using several vintage of filters in order to get the best filter 

needed for the study area. 

3.9.8.5 REGIONAL AND RESIDUAL SEPARATION 

 Regional anomaly is referred as the component of magnetic anomaly that has longer 

wavelength.  This deep large feature shows up as regional trends and continues smoothly over a 

wider aerial extent.  The residual anomaly has shorter wavelength and shows up as smaller, local 

trend which are secondary in size but primary in importance.  For effective interpretation to take 

place, the regional and residual anomalies must be separated. Generally, only the residual 
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anomaly or local variations are of interest and hence, interpretation is based on it. Although, there 

is no way to accomplish perfect separation of local and regional anomalies, geophysicists have 

developed methods for isolating the principal features of different anomalies. Two major 

separation schemes involve Graphical Smoothing and Analytical Smoothing.   

Graphical Smoothing:  This method involves a geophysicist making a judgmental decision from the 

appearance of a profile or a contour map and how the regional part would look like were it not 

distorted by local irregularities. 

  Analytical Smoothing: These methods are used in such conditions to isolate anomalies without 

great reliance on the interpreter's sense of judgment as in graphical method. Four Analytical 

approaches are in common use: Direct computation of residual using empirical gridding method, 

Determination of second derivatives and Polynomial fitting. For the purpose of this work, the 

analytical smoothing methods adopted are determination of second derivatives and polynomial 

fitting. 

EMPIRICAL GRIDDING METHOD: This is a simple method of removing the regional by the second 

derivative of analysis. The regional is considered to be the average value of the total magnetic field 

intensity in the vicinity of the station and is obtained by averaging the observed values on the 

circumference of a circle centered at the station. 

DETERMINATION BY VERTICAL DERIVATIVE: Vertical Derivative transforms are intended to 

facilitate the interpretation of gravity and magnetic RTP (or RTE) maps. They are enhancement 

techniques which amplify the shorter wavelength features relatively to those with longer 

wavelengths. The second vertical derivative (SVD) transform is a mathematical transform based on 
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Laplace`s equation. It has the effect of accentuating the shorter wavelength (shallower source) 

components at the expense of longer wavelength (generally deeper) features. This data 

enhancement technique was first expounded by Elkins (1951). Vertical derivatives of any order 

may be prescribed. The higher the order the greater is the relative amplification of higher 

frequencies and greater too is the risk of accentuating noise to an unacceptable degree. For this 

reason vertical derivatives of order three and above are hardly ever calculated. Thus the First 

Vertical Derivative (FVD) and second vertical Derivative (SVD) transforms are the only transforms 

of this type that are routinely generated. The primary property of the SVD transform is that the 

ZERO CONTOUR represents the point of inflexion on the original anomaly curve which 

approximates the locations of edges of the causative bodies, providing that the bodies are shallow 

and have vertical sides. The first vertical derivative can be used as an alternative to a residual 

display. The SVD or FVD is calculated using a filtered and unmasked grid of the Bouguer gravity or 

RTP/RTE magnetic anomaly. 

POLYNOMIAL FITTING: This is one of the most flexible of the analytical methods of separating 

anomalies. It is a method in which matching of the regional by the polynomial surface of low order 

exposes the residual features as random errors. The treatment is based on statistical theory. The 

magnetic field of the survey area is expressed by a low -order polynomial given by: 

 F (x, y) = Ax + By + 2Cxy + Dx2 + Ey2                                                   (3.3) 

Here, the method of least squares is applied to the observed magnetic intensity to obtain a 

describable surface, which gives the closest fit to the magnetic field. This surface so obtained is 

referred to as regional surface. If the regional surface is expressed as the function 
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Z = Ax + By + 2Cxy + Dx2 + Ey2                                                                                                                    (3.4) 

.Then the residual anomaly function M, for the observed magnetic intensity M is given as:      

R= M – Z   = M – (Ax + By + 2Cxy + Dx2 + Ey2   )                                                   (3.5) 

Where M= Residual anomaly function, Z=regional surface variable, R=total magnetic 

anomaly variables, X and Y are independent and dependent coefficient variables.  

The coefficients in equations are obtained using least square method. It should be noted 

that the regional trend is represented by a straight line, or more generally by a smooth 

polynomial curve. The fitting of polynomials to observed geophysical data is used to compute 

the mathematical surface giving the closest fit to the data that can be obtained within a 

specified degree of details. This surface is considered to approximate the effect of deep seated 

or regional structures if it of low degree. The function that generates this surface is called the 

trend for that specified degree and the consequent analysis of this constitutes the trend surface 

analysis. The fitting surface which represents the regional is a surface which will have both 

positive and negative deflections from the observed data points with the residuals balanced 

between positive and negative areas (Nettleton, 1976).  For this study, 1st, 2nd, 3rd, and 4th order 

polynomial were fitted to the contoured data. This process was done using the Radhakrishna 

Murthy and Krishnamacharyulu’s (1990) algorithm written in Fortran 77 to adjust the polynomial 

surfaces to the total field magnetic intensity map. 

3.9.8.6 REDUCTION TO POLE (RTP) 

 A reduction-to-pole transformation is standard applied to aeromagnetic data to minimize 

polarity (Blakely, 1995). Also, RTP involves the conversion of the anomalies into their equivalent 
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form at the north magnetic pole.  From the analysis of magnetic anomaly, it was observed that the 

shape of the anomaly is most simple when the earth’s magnetic field is vertical.  In practice, this 

only happens for surveys at the magnetic North or South Pole.  However, there are mathematical 

techniques that can aid in converting data observed at any location to the form that would have 

been observed at the magnetic poles.  RTP (Reduction to Pole) filtering removes the effect of the 

earth’s magnetic field by way of a gross shift of the observed magnetic readings.  It removes the 

non-vertical magnetic component (the earth’s magnetic field) and leaves only the vertical 

component (causative body) in its correct spatial position.  The reduction to the pole operator 

transforms data to appear as it would if collected at the magnetic pole. This greatly simplifies 

interpretation. The total field of the area was reduced to pole. 

3.9.8.7 ESTIMATION OF DEPTH TO MAGNETIC BASEMENT 

Often one of the most useful pieces of information to be obtained from aeromagnetic data is the 

depth of the magnetic source (or rock body). Since the source is usually located in the so-called 

'magnetic basement' (i.e. the igneous and metamorphic rocks lying below the -assumed non-

magnetic - sediments), this depth is also an estimate of the thickness of the overlying sediments. 

This is an important piece of information in the early phases of petroleum exploration. Sufficient 

depth estimates from a large number of magnetic sources allow the depth of the basement to be 

contoured and this is then a rough isopach map of the sediments. For this reason, several methods 

have evolved in the early days of magnetic interpretation simply to estimate the depth of sources 

from their anomalies without reference to any specific source models. The methods of magnetic 
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depth estimation which were employed in this study include: Spectral Methods, 3D Euler 

Deconvolution and Geothermal gradient investigations. 

3.9.8.8 SPECTRAL METHOD 

The application of spectral analysis to the interpretation of potential field data is one method 

that can be used to determine the basement depth, and is now sufficiently well established 

(Spector,1970). Several authors have applied spectral inversion techniques in the 

determination of sedimentary thickness in various basins of the world (Ofoegbu,1991; 

Kangoko,1997; Salem, 2000; Liu, 2003;Udensi, 2004). The magnetic anomaly signature 

characteristics are results of one or more physical parameters such as the configuration of 

the anomalous zone, magnetic susceptibility contrasts as well as the depth to the anomalous 

body. The broad magnetic closures seen on the total magnetic intensity anomaly maps are 

often due to changes in the rock composition within the basement. Authors consider the 

power spectrum of the total geomagnetic field intensity anomaly over a single rectangular block 

using the expression, which was first given by Bhattacharyya (1965). The equation was 

transformed into polar wavenumber coordinates (S,ψ), and the average depths to the top of 

magnetized bodies from the slope of the log power spectrum were calculated. The model has 

proven successful in estimating average depths to the tops of magnetized bodies (Trifonova et al. 

2006).One principal result of Spector and Grant’s(1970) analysis is that the expectation value of 

the spectrum for the model is the same as that of a single body with the average parameters for 

the collection (Okubo et al. 1985). 

                              (3.6) 
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Where L dimension of the block, Pn
mand Qn

m are Fourier amplitude and N, M are the number of 

grid points along the x and y directions respectively. Equation (3.6) can be combined into a single 

partial wave thus: 

           (3.7) 

Where     and
n
m                             (3.8) 

 is the appropriate phase angle       

Each )( n
mC   is the amplitude of the partial wave. The frequency of this wave is given 

by:
22 mnF n

m   

 is called the frequency of the wave. Similarly, using the complex form, the two dimensional 

Fourier transform pair may be written (Bhattacharryya, 1966; Bath, 1974) 

                                      (3.9) 

                        (3.10) 

Where u and v, are the angular frequencies in the x and y directions respectively 

G (u,v) are when broken up into its real and imaginary parts is given by 

G (u,v) =P(u,v) + jQ(u,v)                                                           (3.11) 

g(χ,у) are their dimensional components in horizontal and vertical directions.  
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The energy density spectrum or simply the energy spectrum is  

E (u, v) +│ G (u,v) │2 = P2 +Q2                                                                  (3.12) 

The Fourier transform of a section of a magnetic map digitized in a square grid therefore forms a 

rectangular matrix of coefficients which can be reduced to a set of average amplitude dependent 

only on the frequency (Hahn et al, 1976). These average amplitudes fully present a spectrum from 

which the depths to magnetic sources can be estimated. Residual total magnetic field intensity 

values are used to obtain the two dimensional Fourier transforms from which the spectrum is to 

be extracted. From the residual values ∆T (x, y) the two dimensional Fourier transform is 

conducted. Next the frequency intervals are subdivided into subintervals which lie within one unit 

of frequency range. The average spectrum of the entire partial wave falling within this frequency 

range is calculated and the resulting values together constitute the radial spectrum of the 

anomalous field. A plot of the logarithm of the energy values versus frequency consists of linear 

segments each of which group points due to anomalies caused by bodies occurring within a 

particular depth. If Z is the mean depth of a layer, the depth factor for this ensemble of anomalies 

is exp (-2ZK), where K is the magnetic moment per depth (Spector and Grant, 1970). Thus 

Logarithmic plot of the radial spectrum would give a straight line whose slope is 2Z.The use of this 

method involved some practical problems mostly of inherent in the application of the discrete 

Fourier transform (DFT). These include the problems of aliasing, truncating effect or Gibb’s 

phenomenon and the problems associated with the even and odd symmetries of the real and 

imaginary parts of the Fourier transform. The aliasing effect arises from the ambiguity in the 

frequency represented by the sampled data. Frequencies greater than the Nyquist frequencies, 
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tend to impersonate the lower frequencies and this is known as the aliasing effect. To avoid or 

reduce the effect of aliasing, the frequencies greater than the Nyquist frequency must be removed 

through the use of an alias filter, which provides high attenuation above the Nyquist frequency. 

Aliasing can also be removed or reduced through the use of an alias filter which provides high 

attenuation above the Nyquist frequency. Aliasing can also be removed or reduced through the 

use of small sampling interval (Bath, 1974) such that the Nyquist frequency is equal to or greater 

than the highest frequency component present in the function being analyzed. When a limited 

portion of the aeromagnetic anomaly is subjected to Fourier  synthesis, it is difficult to reconstruct 

the sharp edges of the anomaly with a limited number of frequencies and this truncation leads to 

the introduction of spurious oscillations around the region  of discontinuity . This is known as 

Gibbs phenomenon. This truncation is equivalent to the convolution of the Fourier transform of 

the function with that of a regular window, which is a sine cardinal function. This convolution 

introduces ripples at the edges of the function, which manifests itself as spurious oscillations at 

the discontinuity. Increasing the length of the window makes the Fourier transform tends towards 

a delta function with a subsequent reduction of the ripples at the edges. The function effect can 

therefore be reduced through the use of short sampling intervals and by selecting a large portion 

of anomaly or a long profile centered on the feature of interest. An alternative  and even  more 

effective approach  to reducing  the problem of Gibb’s  phenomenon  is by the application  of a 

cosine  taper  to the observed  data (Bath,1974).However, in this research, the analysis of the 

problems associated with aliasing and truncation or Gibb’s phenomenon, have been taken care of 

by MATLAB 7.5 software. An alias filter has been incorporated into the computer program to 
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reduce the aliasing effect and a cosine taper has been applied to the data to reduce the effects of 

truncation.  

3.9.8.9   Determination of the Curie point depth 

The Curie point depth investigation is based on spectral   analysis   of geomagnetic   data is those 

of Byerly and Stolt (1977) where analyses for different areas of USA have been published. The 

approach to estimate the depth extent of magnetic sources can be achieved in two ways: those 

that evaluate the shape of isolated magnetic anomalies (e.g., Bhattacharyya and Leu, 1975) and 

those that evaluate statistical properties of patterns of magnetic anomalies (e.g., Spector and 

Grant, 1970). Both methods provide in detail the relationship between spectrum of magnetic 

anomalies and the depth of a magnetic source by transforming the spatial data into frequency 

domain. Shuey et al. (1977) showed that the latter method is more appropriate for local 

compilations of magnetic anomalies. The approach used here is similar to the method of Spector 

and Grant (1970). The top bound and the centroid of a magnetic source, Zt and Z0, respectively, 

are calculated from the power spectrum of magnetic anomalies, and are used to estimate the 

basal depth of a magnetic source Zb using a spectral window of (110 x 110m). Assuming that the 

layer extends infinitely far in all horizontal directions, depth to top bound of a magnetic source is 

small compared  

F(Kx,Ky)=4π2C2
m/Øm/2/Θf/2e-2(k)Zt(1-e-/k/(Zb-Zt)2           (3.13) 

Where m represents the power–density spectra of the magnetization, Cm is proportionality 

constant, and Θm and Θf are factors for magnetization direction and geomagnetic field direction, 

respectively. This equation can be simplified by noting that all terms, except /Θm/2 and /Θf/2, are 
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radially symmetric.The radial averages of Θm and Θfare constant. If M(x; y) is completely random 

and uncorrelated, ØM(kx ; ky ) is a constant. Hence, the radial average of ØDT is: 

ØDT(/k/) =Ae-2/k/Zt [1 –e-/k/(Zb-Zt)]2                                                (3.14) 

where A is a constant. For wavelengths less than about twice the thickness of the layer, Eq. 3.14 

can be rewritten as: 

ln(ØDT(/k/)1/2=ln B –/k/Zt                                                       (3.15) 

 

WhereB is a constant. We could estimate the top bound of a magnetic source by the slope of the 

power spectrum of the total-field anomaly. Therefore, Eq.3.15 rewrites as: 

ØDT(/k/)1/2= Ce-/k/Z0[ e-/k/(Zt-Z0) -e-/k/(Zb-Z0)]                             (3.16)                                                          

WhereC is a constant. At long wavelengths, Eq. 3.16 is: 

ØDT(/k/)1/2= Ce-/k/Z0(e-/k/-d) - e/k/(d) = Ce-/k/Zo2/k/d                                                            (3.17) 

Where 2d represents the thickness of the magnetic source. 

From Eq. 3.16 

In{[ØDT(/k/)1/2]//k/} = lnD –/k/Z0                                                       (3.18)                                                                                                                                     

Where D is a constant. We could estimate the top bound and the centroid of the magnetic source 

by fitting a straight line through the high-wave number and low-wave number parts of the radially 

averaged spectrum of Eqs. 3.15 and 3.18, respectively.  From the slope of the power spectrum, the 

top bound and the centroid of a magnetic layer composed of a horizontal (equivalent) layer are 

estimated. The basal depth of the magnetic source is: 

Zb= 2Z0–Zt                              (3.19) 
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The valuated basal depth of the magnetic source is assumed to be the Curie point depth. The 

obtained Curie point depth reflects the average value of the area. Hence, the results may not 

delineate local data sets were computed by a weighted average interpolation method (GSJ and 

CCOP, 1996). The Curie point depths are calculated using the data of squares of about 1º sub 

regions and only at wavelengths longer than 10 km. (Tanakaet al., 1997).  

Conductive heat flow 

The basic relation for conductive heat transport is Fourier’s law. In one-dimensional case under 

assumptions that the direction of the temperature variation is vertical and the temperature 

gradient dT/dz is constant, Fourier’s law takes the form (e.g., Turcotte and Schubert, 1982):   

Q = K {dT/dz}                        (3.20)                                                                                                     

where q is the heat flux and k is the coefficient of thermal conductivity. The Curie temperature can 

be defined as: 

Øc =(dT/dz)Dc                                                                                                                         (3.21)                                                               

where Dc is the Curie point depth, provided that there is no heat sources or heat sinks between 

the earth’s surface and the Curie point depth, the surface temperature is 00C, and dT/dz is 

constant. Therefore, can be rewritten as: 

Q=k(dT/dZ)                           (3.22) 

Where Q=heat flux generation, K=coeffient of thermal conductivity. 

Eq. 3.17 shows that the Curie point depth is inversely proportional to heat flow. The Curie 

temperature depends on magnetic mineralogy while the Curie point depth analysis depends 

strongly on the size of the analyzed area. 
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3.9.9.0 DEPTH ESTIMATION USING 3D EULER DECONVOLUTION 

 The 3D Euler method makes use of a structural index in addition to producing depth estimates. In 

combination, the Standard 3D Euler method which relates the potential Field (magnetic or gravity) 

and its gradient components to the location of the sources, by the degree of homogeneity N, 

which can be interpreted, the structural index and the depth estimates have the potential to 

identify and calculate depth estimates for a variety of geologic structures such as faults, magnetic 

contacts, dykes, sills, etc. The algorithm uses a least squares method to solve Euler's equation 

simultaneously for each grid position within a sub-grid (window). A square window of predefined 

dimensions (number of grid cells) is moved over the grid along each row. At each grid point a 

system of equations is solved, from which the four unknowns (x, y as location in the grid, z as 

depth estimation and the background value) and their uncertainties (standard deviation) are 

obtained for a given structural index. A solution is only recorded if the depth uncertainty of the 

calculated depth estimate is less than a specified threshold and the location of the solution is 

within a limiting distance from the center of the data window (Whitehead and Musselman, 

2008).Thompson (1982) showed that for any homogenous, three-dimensional function f(x; y; z) of 

degree n: 

f (tx; ty; tz) = tnf(x; y; z)                                                                                                               (3.23) 

It can be shown that, the following equation, which is known as Euler's homogeneity relation can 

be satisfied: 

                               (3.24) 

In geophysics, the function f(x,y,z) can have the general functional form: 
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                             (3.25) 

Where r2 = (x - x0)2 + (y - y0)2 + (z - z0)2, N a real number (1,2,3...) and G a constant (independent of 

x,y,z). Many simple point magnetic sources can be described by equation (12), with (x0; y0; z0) the 

position of the source whose field F is measured. The parameter N is dependent on the source 

geometry, a measure of the fall-off rate of the field and may be interpreted as the structural index 

(SI). Clearly equation (3.25) is homogeneous and thus N is equivalent to -n in Euler's equation 

(3.23). 

Considering potential field data, Euler's equation can be written as: 

                             (3.24) 

 

With B is the regional value of the total magnetic field and (x0; y0; z0) the position of the magnetic 

source, which produces the total field T measured at (x; y; z).Thompson (1982) showed that simple 

magnetic and gravimetric models are consistent with Euler's homogeneity equation. Thus Euler 

Deconvolution provides an excellent tool for providing good depth estimations and locations of 

various sources in a given area, assuming that appropriate parameter selections are made. Applied 

to aeromagnetic surveys, the 3D Euler process is a fast method for obtaining depth and boundary 

solutions of magnetic sources for large areas. Though it is a general advantage of the Euler 

Deconvolution method, that it is applicable to all geologic models and that it is insensitive to 

magnetic remanence and geomagnetic inclination and declination, an initial assumption of the 

source type has to be made. Dependent upon the potential source type, a structural index is 

chosen. This structural index is also a measure of the distinctive fall-off rate of the geologic 

feature. For example, the best results for a contact are obtained by structural indices of 0 to 



52 

0:5Thompson (1982), while for thin two-dimensional dyke structures a structural index of 1 

yields the best estimates. Table 1. Summarizes the structural indices (SI) for given geologic models. 

The number of infinite dimensions describes the extension of the geologic model in space. 

Table 2: Structural Indices for Simple Magnetic Models Used For Depth Estimations by 3D Euler 

Deconvolution. (Thompson, 1982 

 

 

The significance of the location and depth estimates obtained by 3D Euler Deconvolution is given 

by the specificity of the chosen parameters like the grid cell size, window size, structural index, 

chosen depth uncertainty tolerance, etc. The selection of the grid cell size should be based on the 

grid spacing and the wavelength of the anomalies to be analyzed, as the software Geosoft Oasis 

Montaj allows a square window size of up to 20 grid cell units. If the wavelengths of the anomalies 

are significantly longer or shorter than the window size, the 3D Euler method does not yield 

appropriate results. On the other hand, the limiting distance from the centre of the algorithm 

Geologic Model Number of Infinite Dimensions Magnetic Structural Index 

Sphere 0 3 

Pipe 1 (z) 2 

Horizontal cylinder1 (x-y) 2 

Dyke 2 (z and x-y) 1 

Sill 2 (x and y) 1 

Contact 3 (x,y,z) 0 
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window, in which solutions are still recorded, should be chosen with respect to the wavelength of 

potential anomalies. In general, 3D Euler Deconvolution yields results for each window position; 

therefore it is necessary to eliminate solutions with high uncertainties. A reliable tool for the 

limitation of results is the specification of a threshold value for depth and horizontal uncertainties. 

Geosoft Oasis montaj reports the depth and location uncertainties as percentage of the depth 

below the recording sensor position. As matter of principle, low SI values are associated with 

source bodies which give rise to low gradients, thus depth estimation solutions with low SI values 

have high uncertainties. The data quality determines the general level of uncertainty, so an 

examination of the recorded solutions will define the selection criteria. The consideration of 

appropriate solutions should be guided by two aspects. On the one hand, the position (and depth) 

anomalies should be kept low to improve the accuracy of the computations, on the other hand a 

sufficient number of solutions must be retained in order to delineate geologic features sought and 

provide meaningful solutions.The results of the Euler method are displayed in ordinary maps as 

point solutions combining the location (position of solution) and the depth (colour range). Given 

the choice of an appropriate structural index, 3D Euler Deconvolution will lead to a clustering of 

solutions, which can be interpreted. A vertical pipe structure will for example be shown as a 

cluster of solutions around a specific point, whereas an elongated dyke structure will be 

recognized as a linear trend of solutions. Another approach to limit the solutions obtained by the 

Euler method is the Located Euler 3D method, which, unlike the Standard Euler method, tests and 

limits grid locations before calculating depth estimations by Euler deconvolution. The Located 

Euler method calculates the analytic signal and finds their peaks in the analytic signal grid. The 

normal depth estimation by Euler Deconvolution is then only applied to these peak locations. As 
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this method however produces far fewer solutions than the Standard Euler method, it is only 

applicable for very prominent anomalies and does not yield solution clusters. In the slope method 

of depth estimation, the tangent is drawn to the steepest gradient of individual magnetic anomaly 

on a section of profile.  
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CHAPTER FOUR 

DATA PRESENTATION, ANALYSIS, RESULTS AND INTERPRETATION 

(AEROMAGNETIC METHOD) 

4.1 Total Magnetic Intensity (TMI) Map 

Figure 4.1 shows the total magnetic field intensity data of the study area as a contour map which 

reveals the magnetic susceptibility and inherent variations of the study area, while figure 4.2 

shows 3-D surface maps of the total magnetic field intensity.  Magnetic anomalies both short and 

long wavelengths were interpreted within the study area. These are represented by magnetic 

highs and lows values. 

At the Northeastern part of the map, conciding with the lokoja area, the intensity ranges from 

8101nt to 8130nT. The area is underlain by crystalline basement, majorly folded rock set aside 

with a magnetic intensity estimate at 8120nT.The 3D model revealed high basement relief in 

places indicating folded topography, which may be interpreted as part of Bida basin. The closely 

spaced and linear sub-parallel orientation of contours from northwestern, and southwestern part 

delineate mafic(shallow) or intrusive bodies which is an indicative of high regional tectonic 

movement along NE-SW, possibly will generate high heat above oil window and felsic 

minerals(deep seated) with loose spaced contour at the southeastern within the of the study area. 

Generally, there would always be a magnetic susceptibility contrast across a fracture zone due to 
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oxidation of magnetite to hematite and/or infilling of fracture planes by dyke – like bodies whose 

magnetic susceptibility are different from those of their host rocks of the study area . 
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Fig 4.1 : Total magnetic intensity (TMI) field  map of the study area. 
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Figure 4.2 :  3D Surface Plot of the Total Magnetic Intensity Map (TMI) 

 

In northwest of the map coinciding with Kabba area, the total field of the aeromagnetic data is 

characterized by high magnetic anomalies with intensity range of 8085nT to 8135nT, showing 

closely spaced indicating that the depth to basement is shallow in these areas. The southeastern 

parts are widely spaced indicating that the depth to magnetic basement is relatively low when 

compared to those of northwestern and southwestern parts. The southeastern part of the map 

coinciding Idah area is more of sedimentary which comprises of alternating shale ranging 7944nT 

to 7886nT overlain by basement rocks. The 3D model revealed prominent spike uplift topography 

at Kabba and Lokoja areas of the map. The presence of spike topography and high magnetic 

anomalies with Lokoja-Baze and Kabba-Ogale revealed different structures associated with the 

basement part of the study area significantly occupied by the River Niger and E-W trending 

fractures. The presence of banded Iron formation early occurring sporadically in narrow bands and 

lenses along area of study may have resulted to E-W trending fractures. These area of study falls 

under a metamorphosed folded banded rocks. 

 
 

4.2   Regional-Residual Separation 

The regional gradients of the aeromagnetic data were removed by fitting a plane surface to the 

data by using multi-regression least squares analysis. The expression obtained for the regional 

field T(R) is given as: 

 T(R) = 76122.158 + 0.371x 0.248y       (4.1) 



58 

 Where x and y are units of spacing. The regional field values are subtracted from the observed 

data to obtain the residual anomaly values. The technique is carried out on the aeromagnetic data 

of the study area to produce the first to fourth residual and regional trend surfaces .Figures 4.3 - 

4.6, show that the residual magnetic intensity of the study is of the range between -135nTand 

157nT. This variation in the magnetic field intensity shows areas of different geologic boundaries 

and the trends of the anomalous bodies. The figure shows the study area as area of positive 

residual anomalies flanked by area of negative residual anomalies. Again, a positive magnetic 

anomaly is a reading of magnetic field strength that is higher than the regional average which can 

indicate hidden ore and geologic structures. These positive magnetic contour readings are found 

in the northwestern and southwestern part of the study area, while a negative magnetic anomaly 

is a reading of magnetic field strength that is lower than the regional average, this is found in the 

southeastern part of the study area. In general, the variation in magnetic intensity across the study 

area shows a general increase in magnetic intensity from the upper Northwestern part, 

Southwestern part and lower towards the Southeastern parts (Fig.4.3-4.6). This variation could be 

a function of the lithology and mineral composition of the basement complex. Also, zone of low 

magnetic intensity correspond to sedimentary rocks while those of high magnetic intensity are 

characterized by rocks such as granite/SiO2 and migmatite/Fe respectively, though area of 

negative anomaly represents study areas with low magnetic regional anomaly than the residual 

anomaly. Generally, first-fourth trend surface map plays an important role by providing the 

dominant trends of the study area. 
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Figure 4.3: First Degree Order Residual Field over the Study Area as a Colour Shaded Contour  
Map 
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Figure 4.4: Second Degree Order Residual Field over the Study Area as a Colour Shaded Contour 
Map 
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Figure 4.5:Third Degree Order Residual Field over the Study Area as a Colour Shaded Contour 
Map 
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Figure 4.6: Fourth Degree Order Residual Field over the Study Area as a Colour Shaded Contour 
Map. 
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Fig. 4.7: First-Fourth Regional Trend Surface Map of the Study Area. 
 

Fig: 4.7 above shows first-fourth of   the regional field of the aeromagnetic data; reveals main 
trend of the lineaments from magnetic maps   with   NW –SE and NE –SW direction. 
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Fig 4.8: High pass filter map of the study area 
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Fig 4.9: Lower   pass filter map of the study area 
 

4.3 Digital Filtering 

Aeromagnetic data from the study area were enhanced using several vintage filters in order to    

select the best filter suitable for the study area. Aeromagnetic magnetic data were filtered by 

using non linear filter operators to enhance the signal characteristics of the available data by 

removing high frequency and short wavelength. The aeromagnetic data was finally subjected to 

a second filtering process in space domain operation and has a great important role in 

interpretation of anomalous   geologic maps. This expansion produces a non linear map for a 

given data by Harvey (1989). It develops the   non linear filter map from  aeromagnetic map 

using a computer program( Fig.4.12).This map shows that ,the present area is distinguished by 

surficial or local anomalies (i.e. short  wavelength anomalies of shallow-seated, with sharp 

gradients and anomalies of relatively  irregular shapes. Mostly, these anomalies are presented 
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in spot-like shapes of positive (red and yellow) and negative (light and dark blue) polarities and 

are often trending in the NE-SW,N-S,  NW-SE and E-W directions for all negative and positive 

anomalies. The produced non linear filter magnetic RTP ,first order residual and regional 

separation maps Fig 4.13,4.3 and 4.7 respectively reveal, more or less, the same shallow-seated 

anomalies(i.e. short wavelength and  high frequency) in the spot like shapes as correlated with 

the foregoing ones. These local anomalies are trending in NE-SW,E-W,NW-SE and NNW-SSE, 

where the large number of them  is concentrated at the northwest part, as well as some of 

them at the central part of the study  area. 
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Fig 4.10: Band   pass filter map of the study area 
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Fig 4.11: Bspline   filter map of the study area 
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Fig 4.12: Nonlinear  filter map of the study area. 
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4.4   Reduction to Pole of the Total Magnetic Field Intensity 

The shape of any anomaly depends on the inclination and declination of the main magnetic field of 

the earth. The same magnetic body will produce a different anomaly depending on where it 

happens. The reduction to pole filter reconstructs the magnetic field of a data set as if it were at 

the pole. There is, however absolute change in the positions of the anomalies when the total 

magnetic intensity map is reduced to the equator. This is because the study area is at high 

latitude. This explains that the rocks of the study area mostunderlain by crystalline basement 

generally strongly folded rocks assigned to the Basement Complex.  
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Figure 4.13: Reduction to Pole of the Aeromagnetic Field over the Study Area as a Colour 
Shaded contoured Map 
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4.5 VERTICAL DERIVATIVES 

Figures 4.15 and 4.16 show the first and second derivative maps of the total magnetic field of the 

study area respectively. Computation of the first vertical derivative in an aeromagnetic survey is 

equivalent to observing the vertical gradient directly with a magnetic gradiometer and has the 

same advantages, namely enhancing shallow sources, suppressing deeper ones, and giving a 

better resolution of closely-spaced sources. The zero contours (Fig.4.16) of the second vertical 

derivatives indicated the lithologic boundaries between the different formations (point of 

inflexion) while, the distribution of mafic (diorite, biotite,schist and gabbro) and felsic (quartz and 

granite) rock forming minerals were correlated to the colour-coded positive and negative second 

vertical derivative anomalies around study area. 

7
.0

7
.2

7.
4

7
.6

7
.8

8.
0

7.0
7

.2
7

.4
7.6

7
.8

8
.0

6 .0 6 .2 6 .4 6 .6 6.8 7.0 7 .2

6 .0 6 .2 6 .4 6 .6 6.8 7.0 7 .2

0 .1 0 0.1

(m e te rs)

Horizontal gradient contour map of the total magnetic field intensity  

-12747.5
-8070.5
-5776.5
-4413.0
-3471.6
-2789.4
-2295.8
-1913.1
-1614.9
-1363.5
-1160.0
-992.7
-840.7
-706.2
-584.7
-470.7
-362.6
-264.5
-164.6
-62.4
37.9

139.4
252.9
370.6
498.7
637.8
791.7
962.5

1168.1
1413.7
1712.5
2095.6
2565.8
3183.8
4117.1
5655.0
8325.7

14324.5

 
                  Fig 4.14: Horizontal gradient map of the study area 
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Figure 4.15: First Vertical Derivative of the Aeromagnetic Field over the Study Area as a Colour 
Shaded contoured Map 
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Figure 4.16: Second Vertical Derivative of the Aeromagnetic Field over the Study Area as a 
Colour Shaded contoured Map 
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4.6                                                       Spectral Depth Estimation 

Spectral analysis of the aeromagnetic data was done using a FORTRAN program called SPECTRDEP. 

To determine the depths of the anomalies to their magnetic sources, the study area was divided 

into 16 overlapping sections. The locations of these sections are computed in Table 3. X1, .X2 give 

the limiting longitude values and Y1, Y2 give the limiting latitudes values. Each of these sections 

covers a square area of about 13.85km x 13.85km of the data sheet. The spectral plot is 

represented as graphs of logarithms of spectral energies against frequency obtained as shown in 

figure 4.17. Each of these graphs presents two clear segments due to deeper and shallower 

sources. Thus, the logarithm plot of a radial spectrum would give a straight line whose slope is 2z.  

From the gradients of the segments the average depths to the causative layers were determined 

as D1, D2 in the table below. 

LOCATION
SPECTRAL  
BLOCKS

LONGITUDE LATITUDE DEPTH (KM) 

X1 X2 Y1 Y2 D1 D2

Okene A 6.00 6.25 7.75 8.00 -1.03 1.34

B 6.25 6.5 7.75 8.00 0.72 1.22

C 6.00 6.25 7.5 7.75 -1.23 1.37

D 6.25 6.5 7.5 7.75 0.58 1.67

Lokoja E 6.5 6.75 7.75 8.00 0.76 2.23
F 6.75 7.00 7.75 8.00 0.56 2.28
G 6.5 6.75 7.5 7.75 0.89 2.46
H 6.75 7.00 7.5 7.75 0.69 2.78

Auchi I 6.00 6.25 7.25 7.5 -1.13 1.05
J 6.25 6.5 7.25 7.5 0.45 1.56
K 6.00 6.25 7.00 7.25 0.87 2.34
L 6.25 6.5 7.00 7.25 0.93 2.40

Idah M 6.5 6.75 7.25 7.5 0.67 2.92
N 6.75 7.00 7.25 7.5 0.76 2.98
O 6.5 6.75 7.00 7.25 0.12 2.96
P 6.75 7.00 7.00 7.25 0.16 3.00

Table 3:Spectra computed Data for Depth to source Estimation of 
the Study Area  in (Km)
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Power spectrum of Aeromagnetic data of 
Okene sheet showing blocks A - D

Power spectrum of Aeromagnetic data of 
Lokoja sheet showing blocks E - H

Power spectrum of Aeromagnetic data of 
Auchi sheet showing blocks I - L

Power spectrum of Aeromagnetic data of 
Idah sheet showing blocks M - p

 

 Fig 4.17: Showing power spectrum plots of data for the study area. 

The result from 2D spectral depth analysis reveals the two magnetic layers. The first layer depths 

D1, interpreted as the depth to the shallower sources represented by the second segment of the 

spectrum; varies from -1.23km to 0.93km with an average depth of -0.3 km. This layer is attributed 

to the depth to the intrusive igneous bodies and mineral veins which intruded into the 

sedimentary formations, together with the few that are extruded onto the surface.The second 
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layer D2, interpreted as the depth to the basement represented by the first segment of the 

spectrum. This implies that there are positive depth and negative depth within the area of study 

which   attributed to the magnetic rocks intruded onto the basement surface or which originated 

from the lateral variations in the basement susceptibilities and intra-basement features like faults 

and fractures (Kangkolo et al., 1997). The depth to this layer ranges from 1.05km to 3.00km with 

the average depth of 2.025 km 

              A              B              E              F 

              C              D              G              H 

              I              J              M              N 

              K               L             O               P 

 

Table4: Showing the 16 spectral blocks of the study area 
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Table 5: Spectral Analysis Computed   for estimation of geothermal parameters of the Study 

Area 

SPECTRAL  
BLOCKS

LONGITUDE 
LATITUDE 

DEPTH (KM) 

X1 X2 Y1 Y2 D1 D2 Zb (km) dT/dZ
(°Ckm-1)

q (Wm-2)

A 6.00 6.25 7.75 8.00 1.34 13.750 26.16 22.17 55.42

B 
6.25 6.5 7.75 8.00 1.22 13.650 26.08 22.23 55.57

C 
6.00 6.25 7.5 7.75 1.37 13.250 25.13 23.09 57.72

D 6.25 6.5 7.5 7.75 1.67 13.800 25.97 22.36 55.90

E 6.5 6.75 7.75 8.00 2.23 14.00 25.77 22.50 56.25

F 6.75 7.00 7.75 8.00 2.28 10.50 18.72 30.98 77.45

G 6.5 6.75 7.5 7.75 2.46 14.200 25.94 22.39 55.97

H 6.75 7.00 7.5 7.75 2.78 15.090 27.40 21.16 52.90

I 6.00 6.25 7.25 7.5 1.05 12.700 24.35 23.81 59.52

J 6.25 6.5 7.25 7.5 1.56 13.550 25.54 22.70 56.75 

K 6.00 6.25 7.00 7.25 2.34 13.900 25.46 22.78 56.95

L 6.25 6.5 7.00 7.25 2.40 14.230 26.06 22.25 55.62

M 6.5 6.75 7.25 7.5 2.92 14.250 25.58 22.67 56.67 

N 6.75 7.00 7.25 7.5 2.98 14.150 25.32 22.90 57.25 

O 6.5 6.75 7.00 7.25 2.96 14.200 25.44 22.79 56.97 

P 6.75 7.00 7.00 7.25 3.00 15.010 27.02 21.46 53.65

Zb=2Zo–Zt

θ  =  [ dT/dZ]Zb

q = λ {dT/dZ} 

θ  = 580 °C 
λ  = 2.5Wm-1°C-1

 

4.7 CURIE POINT DEPTH ESTIMATION.  

From table 5 the adopted computational method transforms the spatial data into the frequency 

domain and provides a relationship between radially average power spectrum of the magnetic 

anomalies and the depths to the respective sources. Curie Depth of the base (Zb), temperature 

gradient (dT) and Heat flow (q). From the graphs of the Logarithm of spectral energies versus 

frequencies plotted for each block, there were spectral blocks which were easily noticeable and 

the significance of this is the indication of the fact that Curie point depths are detectable as it 
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defines the source bottoms. Tanaka et al. (1999) showed that any given depth to a thermal 

isotherm is inversely proportional to heat flow, where q is the heat flow. This equation implies 

that regions of high heat flow which ranges from 55 -77.46 Wm-1°C-1 and is maximum within F-

block is associated with shallower isotherms, whereas regions of lower heat flow <55Wm-1°C-1are 

associated with deeper isotherms (Ross et al. 2006). Therefore, from table above, the study area 

an average curie depth point of 27.235km generated  the least range of heat <55Wm-1°C-1 and vice 

versa since depth increases as heat flow regime decreases. 

Result of the investigation of the Curie Point Isotherm of the study area reveals that Curie 

isotherm depth varies between 18.72 km and 27.40 km. Also reveals that the shallowest region 

lies at the north western region of the study area. Generally, the Curie point depths are shallower 

than 15km and this, according to this method reveals that the entire area is volcanic and 

geothermal field since Curie point depth is greatly dependent on geologic conditions. Particularly 

the north western portion of the study area where the Curie point depth is shallowest. The 

southeastern portion of the study area shows relatively high values of CPD and the contour map 

show a NE – SW trending. 
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Fig 4.18: Depth to shallow magnetic sources(D1) in the study area 

 

Fig 4.19: Depth to the deeper magnetic sources (D2) in the study area 
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Fig 4.20: 3-D map of the depth to shallow magnetic sources (D1) in the study area 

 
Fig 4.21: 3-D map of the depth to the deeper magnetic sources(D2) in the study area 
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4.8  3D Euler Deconvolution Depth Estimation 

In an initial tryout phase of the 3D Euler method, different structural indices, depth tolerance and 

"maximum distance to accept" (from the centre) values are tested. The depth estimate solutions 

are given as coloured point solutions. As the Euler Deconvolution leaves the interpretation of the 

significance of a calculated solution to the interpreter (Thompson, 1982), an additional assessment 

of the solution is crucial in order to obtain valid solutions, these structural indices applies for the 

simple model of a magnetic field caused by contact and dyke or sill structure respectively. The best 

results yielded a window size of 7 corresponding to 14 km, a maximum distance of the source 

from the centre of the window of 20 km and a maximum depth tolerance of dz: 15%. The 

suggested solutions calculated by the 3D Euler method, which also accounts for the flying height, 

give the depth in the ground to the top of the anomaly causing source body. 

For the structural index of 0.0 of the study area with geologic contacts within the basement and 

sedimentary terrains as shown in figure 4.23 are concentrated along the edges of the anomalies 

(NW,NE and SW). The Suggested source depths are in the range of 1 km to 2 km. The uniform 

distribution and Clustering of solutions along the study areas shows that anomalies are good 

illustration of the functioning of the method, whereas the few scattered solutions are not 

significant. From a tectonic point of view, the area is confined to the Southern limb of a large 

Itakpe – Ajabonoko anticline with enclosing rocks and conformable ore layer sticking sub – 

latitudinally and slightly bending to the north and dipping southward at angles ranging from 40̊ to 

80˚(Rasheed et al 2011). 
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Figure 4.23: Euler Deconvolution Depth Solution Plot Draped on the Colour Shaded Contour Map 
of the Aeromagnetic Field of the Study Area. (Structural Index =0.0) 

 

Figure 4.24: Euler Deconvolution Depth Solution Plot Draped on the Contour Map of the 
Aeromagnetic Field of the Study Area. (Structural Index=0.0) 

 



77 

 

Figure 4.25: Euler Deconvolution Depth Solution Plot Draped on the Colour Shaded Contour Map 
of the Aeromagnetic Field of the Study Area. (Structural Index=1.0) 

 

Figure 4.26: Euler Deconvolution Depth Solution Plot Draped on the Contour Map of the 
Aeromagnetic Field of the Study Area. (Structural Index=1.0) 
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Figure 4.27: Euler Deconvolution Depth Solution Plot Draped on the Colour Shaded Contour Map 
of the Aeromagnetic Field of the Study Area. (Structural Index=2) 

 

Figure 4.28: Euler Deconvolution Depth Solution Plot Draped on the Contour Map of the 
Aeromagnetic Field of the Study Area.  (Structural Index=2) 
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Figure 4.29: Euler Deconvolution Depth Solution Plot Draped on the Colour Shaded Contour Map 
of the Aeromagnetic Field of the Study Area. (Structural Index=3) 

 

Figure 4.30: Euler Deconvolution Depth Solution Plot Draped on the Contour Map of the 
Aeromagnetic Field of the Study Area. (Structural Index=3) 

Figure 4.25 presents the depth estimation solutions calculated for a structural index of 1.0 which 

applies for a geologic setting of dyke and sill structures as sources. The dense clustering of 
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solutions in the range of 2.5 km to 3km above Lokoja trending from the northeastern towards 

southwestern region, a closely spaced, linear sub-parallel orientation of contours suggesting the 

possibility of faults or local fractured zones passing through the study area. With the presence of 

the deep seated structures which cut across the basement. 

Under the assumption of a geologic setting cylindrical and pipe-like, spherical structures, with 

structural indices of 2.0 and 3.0 respectively were delineated in figure 4.27-4.30 which represents 

horizontal cylinders, pipe and sphere at their respective depth. The solutions showed Clusters 

mostly in the Lokoja and Auchi blocks representing NE and SW respectively. In consideration of the 

fact, that a structural index that is too low gives depths that are too shallow and one that is too 

high gives estimates that are too deep (Reid, 1990), the structural indices of 2.0 and 3.0 are 

considered too high and cannot be explicitly correlated with known source bodies in the study 

area, hence the corresponding solutions were ignored. The Solutions Euler Deconvolution suggests 

a depth of the source horizon of 0 km to a little above 3 km. comparing these depth estimates 

with the information gotten from the spectral analysis, there is a positive correlation between the 

results from both depth estimation methods. 

4.9 REMOTE SENSING  

4.9.1 Digital Elevation Model (DEM)  

The Digital Terrain Model or Digital Elevation model of the study area as shown in the figure 31 

was created using Ilwis 3.0 Academic by first digitizing the contour map on screen using the 

mouse. This was followed by converting the resulting vector layer to a raster layer (contour 

interpolation).The DEM is employed for structural, geologic and tectonic interpretations such as 
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locating faults, drainage pattern, geomorphology, plate position, slope, lineaments and the 

boundary between geologic units. 

 

Figure 4.31: Digital Elevation Model (DEM) Map 
 

From figure 4.31, the highest peaks represented by the red colour at the northwestern part of the 

study area, surrounded small yellow patches following a sudden high topographically change 

ranging from 665 to 500meters. This feature is interpreted as sandstone ridge, running NW-SW 

direction.  The ridge is suspected to be part of lokoja formation. The central portion of the DEM is 

dominated by dark green to blue coloured features, sandwiching the red coloured patch.  This 

portion corresponds to elevation of 300 to 17 metres. This blue feature is interpreted as drainage 

channels while the light to dark green portion represent the dendntic pattern of the bida basin. It 

will be correct to interpret the topographic high areas as characterized by sandstone and the low 

areas as characterized by shale and mud rock. This is justified by the dendritic drainage pattern 

expressed in the low lying area, which points to an underlying clayey lithology. Geologically the 
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area with dendritic pattern correlates to the bida sandstone. The sandstone ridge represents the 

watershed for the study area. 

4.9.2                     COMPOSITE COLOURS 

Table 6: Appearance of Features on Composite Images 

 TRUE COLOUR FALSE COLOUR 

 Red: Band 3 

Green: Band 2 

Blue: Band 1 

Red: Band 4 

Green: Band 3 

Blue: Band 2 

Trees and Bushes Olive Green Red 

Crops Medium to light Green Pink to red 

 Wetland vegetation              Dark green to black Dark red 

Urban areas White to light blue Blue to gray 

Water  Shades of blue and  Green Shades of blue 

Bare soil White to light gray Blue to gray  

 

The composites were generated for the purpose of enhancing spectral signatures of the images for 

the study area thus enhancing the observation of the different patterns thus aiding in the 

interpretation of features and their limits (Fig.4.32, 4.33 ,4.34) The appearance of features in the 

generated colour composite maps is shown in the table 6.  
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Figure 4.32: Colour Composite map RGB 432 

 

Figure 4.33: Colour Composite map RGB 572 
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Figure 4.34: Colour Composite map RGB 753 

4.9.3        Normalized Difference Vegetation Index (NDVI) 

The Normalized Difference Vegetation Index (NDVI) is an index of plant “greenness” or 

photosynthetic activity, and is one of the most commonly used vegetation indices. Vegetation 

indices are based on the observation that different surfaces reflect different types of light 

differently. By taking the ratio of red and near infrared bands from a remotely-sensed image, an 

index of vegetation “greenness” can be defined. The Normalized Difference Vegetation Index 

(NDVI) is probably the most common of these ratio indices for vegetation. NDVI is calculated on a 

per-pixel basis as the normalized difference between the red and near infrared bands from an 

image:  
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Where Ninfrared is the near infrared band value for a cell, RED is the red band value for the cell 

and   NDVI can be calculated for any image that has a red and a near infrared band. The output of 

NDVI figure 4.35 is a measure of vegetation richness of an area.               

 

 Fig 4.35: Map showing normalized difference vegetation 

Values of NDVI range from -1.0 to +1.0, but values less than zero typically do not have any 

ecological meaning, so the range of the index is truncated to 0.0 to +1.0. Higher values signify a 

larger difference between the red and near infrared radiation recorded by the sensor - a condition 

associated with highly photosynthetically active vegetation. Low NDVI values means there is little 

difference between the red and Ninfrared signals. This happens when there is little photosynthetic 

activity, or when there is just very little Ninfrared light reflectance (i.e., water reflects very little 

Ninfrared light).The NDIV map of the study area was generated to delineate zones of vegetation 

and bare rocks; dark brown areas (-0.50 to -0.53) corresponds to bare rock zones, light brown 



86 

areas (-0.42 to -0.50) corresponds to soil with little vegetation, yellow (-0.50 to -0.02) to sparsely 

vegetated areas and green (0.33 to 0.01) to thick vegetation. 

4.9.4  LINEAMENT ANALYSIS 

O’Leary et al. (1976) defines lineaments as a mapable, simple or composite linear feature of a 

surface whose parts are aligned in a rectilinear or slightly curvilinear relationship and which differ 

from the pattern of adjacent features and presumably reflects some sub-surface phenomenon 

.Linear features shown on remote sensing imagery of increasingly smaller scale (greater extent) 

reflect increasingly more fundamental studies; their study often provide insights not only to the 

location of the mineral deposits, but also to metallogenic theories as well (O’ Leary et al, 1976). 

Furthermore, many studies have shown that remotely sensed data could be employed to improve 

the existing maps of an area (Chorowicz and Rangin, 1982; Ferrandini et al., 1993).  

In this study, only linear fractures equal to or greater than 1 km in length were considered, since 

they are considered fully developed and of high developed depth. The lineaments reveal three 

groups of lineaments features. The maximum having NW-SE direction, others N-S and NW-SE with 

varied intrusive minerals characterized by NW-SE which are structurally controlled by regional 

tectonic lineament trending NE-SW. 

The lineament image of the study area reveals that several lineament traces are seen along the 

drainage channels which suggest that they may be lineaments of hydrographic origin.(Fig.4.36). 

The lineament density and lineament draped on edge enhanced maps reveal megafracture zone of 

10 km in Lokoja and along Idah River. This zone interpreted thus, because of high density of 
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lineament seen in the area. This means that along the River, there was intense regional tectonic 

activity controlling the intrusive rocks of the local fractures within NW-SE.  

 

Figure 4.36: Lineament drainage Map of the Study Area 

 

Figure 4.37: Lineament Draped On Edge Enhanced Band 5 Image 
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Figure 4.38: Lineament Density Map 

 

Figure 4.39: Lineament Rose Diagram 
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Lineaments quantification and statistical analysis were done regarding the orientations of those 

lineaments to construct a rose diagram (Fig.4.39).The rose diagram shows four peak of 

preferential direction: NE-SW,E-W,NW-SE and N-S ,reflects the old and deeper tectonic trend. 

However, the NE-SW trend reflects the younger tectonic events since are more pronounced and 

tend to obliterate the older events. 

4.9.5                                           DISCUSSION 

From the processed aeromagnetic data, the area has been described tectonically and 

structurally controlled. The analysis of residual and regional profile when correlated with 16  

blocks showing the area of study, E, F ,G ,H and I,J,K,L suggests main trend of regional tectonic  

events which results to intrusive bodies been exposed at the shallow surface. The total 

magnetic intensity (TMI) map presented as 3D surface map showed a basement surface   that is   

folded. The regional tectonism along fault line is responsible the folding is believed to have 

been initiated during santonian orogenic movements in the SE and Benue valley which causes 

folding in the basement. The basin trends perpendicular to the main axis of the Benue Trough 

and the Niger Delta Basin and is regarded as the NW extension of the Anambra Basin, both of 

which were major depocentres during the third major transgressive cycle in the Late 

Cretaceous. (Obaje, 200:,Obaje et  el. ,2011).The study area has been distinctive in orientation 

trends. The first polynominal regional surface has been discovered to indicate the basin 

orientation. To this effect, it was discovered from the first order polynominal regional surface a 

NE-SW orientation. This is in agreement with earlier work by (Obaje,2009:Obaje et al.,20011). 

The result of the spectral analysis of aeromagnetic data over the study area suggests the 
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existence of two main source depths. The depth to basement or deeper source D2 varies from 

1.0km to 3.1 km. The depth of basement represent first segment of the spectral plot (Fig.4.17) 

reflects the precambrain basement. The inhomogeneity in the basement composition is due to 

structural features and topographic relief of basement surface of the basement surface, lateral 

variation in basement susceptibilities and mineral compositions. Logically, D2 represents the 

average depth to basement complex of the study area. The depth obtained from this study 

seems reasonably and ranges within those of previous work by (Akande and Erdtman, 1998) 

that compared the sedimentary thinkness of Anambra and Bida Basin indicates that’s the 

succession of Anambra Basin reached up to 4.5 km thickness compared with the average of 

3.4km sediment thickness of Bida Basin. Since sedimentary thickness are expected to increase 

as we go more southwards towards Atlantic and decreases as we move eastward towards 

Bamenda Massif, the depth value of the area is therefore logical. The shallower magnetic layers 

represented by second segment D1 of the spectrum (Fig.4.17) are thought to reflect source 

shallower than the precambrain. 

The result of spectral analysis for D2, when correlated with result of respective depth of the 

study area using 3D euler  deconvolution conformed for different structural geologic features 

Comparing these depth estimates with the information gotten from the spectral analysis, there 

is a positive correlation between the results from both depth estimation methods. From curie 

point depth investigation, using temperature gradient   equation implies that regions of high 

heat flow  are  associated with shallower isotherms, whereas regions of lower heat flow are 

associated with deeper isotherms (Ross et al. 2006).Therefore  (table 5) above, areas  with le 

curie depth point 18.72 km, generated highest heat of 77.48 Wm-1°C-1 within F, G, H, I  blocks, 
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(shallow isotherm) at the maximum temperature gradient and vice versa since depth decrease 

as heat increases .Therefore area of lesser curie depth point in the study area generates more 

heat and are suggested for detailed geothermal exploration since magnetic materials are close 

to curie temperature and vice versa. Areas in the study area(Fig.4.18 $4.19) shows the result of  

the investigation of the Curie Point Isotherm of the study area and it reveals the Curie isotherm 

depth varies between 18.72 km and 27.40 km. A closer look at the figure also reveals that the 

shallowest region lies at the northwestern region of the study area. Generally, the Curie point 

depths are shallower than 15 km and this, according to this method reveals that the entire area 

is volcanic and geothermal field since Curie point depth is greatly dependent on geologic 

conditions. Particularly the NE-SW portion of the study area where the Curie point depth is 

shallowest. The southeastern portion of the study area shows relatively high values of CPD .The 

NDIV map of the study area was generated to delineate zones of vegetation and bare rocks; 

dark brown areas (-0.50 to –0.53) corresponds to bare rock zones, light brown areas ( -0.42 to -

0.50) corresponds to soil with little vegetation, yellow (-0.50 to –0.02)   to sparsely vegetated 

areas and green (0.33 to 0.01) to thick vegetation. The colour composite and DEM maps were 

incorporated in the development of an update geologic map of the study area.  

Similarly, the aeromagnetic analysis was used to produce a single digitized total magnetic field 

map of the study area. Both maps have helped in making the geology and basement 

topography of the study area clearer. 

Structural trends suggested by the rose diagram and polynominal surfaces have directions: NE-

SW,NW-SE, E-W and N-S. The NE-SW trend is the dominant orientation in rose diagram and first 
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order regional polynominal surface maps. According to(Obaje,2009: Obaje et el.,2011), the Bida 

Basin is a NW-SE trending intracratonic structure extending from Kontagora in Niger State in the 

north to the area slightly beyond Lokoja in the south. It is delimited in the NE and SW by the 

basement complex and merges with the Anambra and Sokoto Basins to the SE and NW 

respectively. Its sedimentary fill comprises post-orogenic molasse and thin unfolded marine 

sediments. Therefore, the NE-SW orientation of the study area is thought to conform with 

previous works. Lokoja is interpreted as a high magnetic relief of 185.2nT on residual field map 

and 8065nT on regional field map. This suggests the presence of intrusive rocks beneath. The total 

magnetic field of the aeromagnetic data presented as 3D surface maps reveals that the underlying 

basement around Idah has magnetic intensity estimated at 7400 nT which are blue on colour code 

when correlated with TMI map. Landsat lineament maps reveal the existence of lineament around 

Idah.  The 2-D spectral plot reveals that block O, where Idah is situated as having sedimentary 

thickness of 2.056 km. In terms of Hydrocarbon prospective, this is due to the presence of 

intrusive rocks. The heat accompanying igneous intrusive possible may have baked the source 

rocks. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION 

5.1 CONCLUSION 

 The combined interpretation of airborne magnetic data and landsat ETM imagery added several 

significant structural elements that were previously unrecognized from the separate 

interpretations of the respective data-sets. The lineament density is greater on landsat images 

than on aeromagnetic data, partly due to the resolution of the landsat data and also because not 

all landsat lineaments have a magnetic signature. The derived maps revealed several previously 

undetected linear structures. Some of these linear features corresponded to the strike and dip 

direction of some paleo-structures, faults, and tectonically related joints with dominant trend 

direction of NE – SW. The interpretation of the aeromagnetic map of Lokoja and environs revealed 

that the sedimentary cover is generally low in the northwestern and southwestern parts and as 

such this area is not likely to favour hydrocarbon formation rather is recommended for mineral 

exploration following the average thickness, CPD and heat generation evaluation.  Also 

hydrocarbon prospects are highly doubtful because of the presences of igneous intrusive rocks 

within the area since the emplacement of this rock may have destroyed the geological structures 

that could have served as hydrocarbon traps. The broad regional magnetic signature of the area is 

a reflection of the magnetic property of the area. The present study is therefore in agreement with 

previous studies which suggested that Nigeria has a complex network of fractures and lineaments 

with dominant trends of NW-SE, NE-SW, N-S and E-W directions (Obaje,2009: Obaje et el.,2011). 

The NE-SW trending faults are association with santonian Orogeny. This orogeny is marked with 
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geo-synclinal sedimentation and metamorphism (Obaje,2009: Obaje et el.,2011). All these 

deductions were arrived after due consideration of qualitative and quantitative method of 

interpretation and it is also supported by the existing geological information of the area. 

5.2   RECOMMENDATION 

It is believe that this work will aid future workers as a reconnaissance tool in understanding the 

geologic history and geo-tectonics of mineral deposits within the study area following combination 

of High resolution aeromagnetic and landsat-ETM data. 

 

 

5.3                                  CONTRIBUTION TO KNOWLEDGE 

Previous research done with High resolution aeromagnetic and Landsat-ETM interpretation on the 

study area were based on delineating geologic structures and mineral ore, but I successfully 

established the heat flow regime of the study area which is  significant ,especially now that  there  

is epileptic power supply in the country. Therefore, the study area is recommended for 

geothermal exploration.  
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