
1 
 

GEOLOGICAL SETTING AND TECTONIC EVOLUTION OF ZUNGERU 

AND ITS ENVIRONS, PART OF SHEET 163 (ZUNGERU NW), NORTH 

CENTRALNIGERIA 

 

 

 

 

BY 

 

 

 

 

ABUBAKAR ENEYE ALIYU  

 

 

 

 

DEPARTMENT OF GEOLOGY 

AHMADU BELLO UNIVERSITY, ZARIA  

NIGERIA 

 

 

 

OCTOBER, 2016 

 

GEOLOGICAL SETTING AND TECTONIC EVOLUTION OF ZUNGERU AND ITS 

ENVIRONS, PART OF SHEET 163 (ZUNGERU NW), NORTH CENTRAL NIGERIA 



2 
 

 

 

 

 

 

BY 

 

 

ABUBAKAR ENEYE ALIYU , B.Sc. (2011) 

M.Sc./SCI/35496/2012-2013 

 

 

 

A DISSERTATION SUBMITTED TO THE SCHOOL OF POSTGRADUATE STUDIES, 

AHMADU BELLO UNIVERSITY, ZARIAIN PARTIAL FULFILLMENT OF THE 

REQUIMENTS FOR THE AWARDOF AMASTERS DEGREE IN GEOLOGY 

 

 

 

DEPARTMENT OF GEOLOGY 

FACULTY OF SCIENCE 

AHMADU BELLO UNIVERSITY, ZARIA  

NIGERIA 

 

 

 

OCTOBER, 2016 

 

 

DECLARATION  

I declare that this work (thesis) entitled ñGEOLOGICAL SETTING AND TECTONIC 

EVOLUTION OF ZUNGERU AND ITS ENVIRONS, PART OF SHEET 163 (ZUNGERU 



3 
 

NW), NORTH CENTRAL NIGERIA òwas carried out by mein the department of Geology, 

Ahmadu Bello University, Zaria; under the supervisionof Prof. U.A. Danbattaand Dr. 

A.AIbrahim. 

The information derived from literatures has been duly acknowledged in the text and a list of 

references provided. No part of this work was previously presented from another degree or 

diploma at this or any other university. 

 

 

 

  

Name of Student                    Signature                                       Date 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CERTIFICATION  

This thesis entitled ñGEOLOGICAL SETTING AND TECTONIC EVOLUTION OF 

ZUNGERU AND ITS ENVIRONS, PART OF SHEET 163 (ZUNGERU NW), NORTH 

CENTRAL NIGERIA ò by ABUBAKAR ENEYE ALIYU , meets the regulations governing the 



4 
 

award of the Degree of Master of Science (Structural Geology)of theAhmaduBello University, 

and is approved for its contribution to knowledge and literary presentation. 

 

 

Chairman, Supervisory Committee                                                        

Prof. U.A. Danbatta                                           Signature                  Date  

 

 

Member, Supervisory Committee       

Dr. A.A Ibrahim                                                Signature                                               Date 

 

 

Head of Department                                                    

Dr. H. HamzaSignature                                           Date 

 

 

Dean, School of Postgraduate Studies                                    

Prof. K. BalaSignature                                            Date 

 

 

 

 

 

 

 

 

 

 

 

ACKNOWLEDGEMENT  

My profound gratitude goes to Almighty Allah for seeing me through to the end of this work 

despite the many challenges. 



5 
 

I wish to thank my parents for training me up to this time, and also the entire members of the 

family for their love, care and support. May Allah reward them abundantly. 

I sincerely acknowledge the efforts of my supervisors, Prof. U.A. Danbatta and Dr. A.A. 

Ibrahim, and also my colleagues, other academic and non-academic staff of the Departmentfor 

their meaningful suggestions, careful corrections, constructive criticisms and commitment in 

ensuring thatthis research work is successfully completed. 

Special thanks go to Global Land Cover Facility (GLCF) Maryland, for providing remotely 

sensed satellite data and products free of charge. I would not have been able to carry out remote 

sensing analysis of my study area without these data. 

Finally, I appreciate the assistance and cooperation given to me in and around Zungeru by the 

District Head and the members of the communityduring the course of my fieldwork exercise. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEDICATION  

This work is dedicated to my ever loving parents, MalamMuhammad R.Aliyu and 

MalamaKarietuAliyu. 

 



6 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT 

Fold and Thrust (FAT) Belts are regions that have been documented in environments resulting 

from plate convergence, such as those formed at plate boundaries. The Nigerian Basement 

Complex has been described by previous workers to have evolved by plate tectonic processes 

involving continental collusions. The present study, therefore seeks to investigate the presence of 

a thrust belt within the NW segment of the Nigerian Basement Complex. The geological 

investigations of Zungeru and its environs was undertaken in orderinterpret its structural and 

tectonic evolution. Remote sensing analysis usingsatellite data (Landsat ETM imageries 
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anddigital elevation models)and field investigations which include thecollection of rock samples 

as well as structural data show that the study area comprise of gneiss, migmatite, quartzite, 

phyllite, schist, amphibolite and mylonite. The Kalangai-Zungeru-Ifewara (KZI) transcurrent 

fault observed, cut through the study area producing fault rocks like cataclasites, sheared 

gneisses and mylonites. Structural relationships wereinvestigated through: microstructural, strain 

and fracture analyses and also evaluation of fold interference patterns. These analyses show that 

themain planar structures encountered in the study area are foliations and cleavages, bedding 

surfaces, fold axial planes, fault planes, joints and veins. Linear features measured in the field 

include bedding-cleavage intersection lineations, mineral stretching lineations, and minor fold 

axes (hinge lines). Rose diagram plots and circle inventory analysis of joints show that the 

fractures have a dominant NNE-SSW, NE-SW and NW-SE trends with the highest density in 

granite gneiss outcrops and lowest in migmatites. En echelon veins found in the area are thought 

to be evidence of shearing as a result of displacement across faults or shear zones. Microscale 

deformation at the scale of individual grains was determined through microstructural analysis of 

photomicrographs of rocks that deformed through a range of ductile grain scale deformation 

mechanisms such as recrystalization, intra-crystalline deformation and twining. Oriented thin-

sections of deformed rocks from the study area were examined in the laboratory in order to 

determine the degree of deformation, the stress direction and sense of shearing. At this scale, the 

sense of shear indicators include porphyroclasts, mica fish and asymmetric microfolds, defining 

a predominant dextral strike-slip movement. The dominant stress direction is E-W, consistent 

with the Pan-African crustal shortening. This research reveals that the rocks in the area were 

affected by two successive deformational phases (D1 and D2), indicated by the presence 

cataclastic S1 cleavages and NNE-SSW trending open to isoclinal F2 folds. The alignment of 

lineaments and other major structures into NE-SW, NW-SE and N-S orientations imply that the 

D2 deformation was a late stage Pan-African event that affected the basement rocks of the study 

area. Processing of satellite images, structural analysis,microtectonics, and petrographic studies 

revealsthat the area evolved through a transpressional deformation, which involves a component 

of strike-slip movement and a component of shortening. Thrust tectonics as an evidence of 

crustal shortening was observed within myloniteatthe bank of River Kaduna. 
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CHAPTER ONE 

GENERAL INTRODUCTION  

1.1 BACKGROUND  

Nigeria is underlain by Precambrian Basement Complex rocks, anorogenic Younger Granites of 

Jurassic age, Cretaceous to Recent sediments and Tertiary to Recent volcanic rocks, with the 

basement rocks occupying about half of the land mass of the country (Black, 1980). Zungeru 

forms part of the Nigeriaôs Precambrian Basement Complex terrain which is a segment of 

theregional Dahomeyide fold belt (Affaton et al., 1991).Structural geology typically pertains to 

the observation,description and interpretation of structures that can bemapped in the field. It 

deals with how folds, faults and other deformation structures appear and form in the lithosphere. 

Structuresoccur in many different settings, ranging from features hundreds of kilometers long 

down to microscopic details and have experienced changes in stressand strain.Structural geology 

is an essential tool in unraveling the geologic history of any given area or region within the 

Earth, especially in mountain belts where original arrangements of rocks andgeologic contacts 

have been modified by deformational movements. 

Geologic domains such as the Canadian Rockies, in which regional horizontal tectonic 

shortening of the upper-crust yields a distinctive suite of thrust faults, folds, and associated 

mesoscopic structures, are called Fold-thrust Belts or Fold-and-Thrust Belts.Fold and Thrust 

Belts are typical regions in most Orogenic belts controlled by compressional tectonics and have 

been documented in environments resulting from plate convergence such as those formed at 

plate collusion boundaries. Fold-and-thrust (FAT) belts have a worldwide distribution and occur 

in a variety of tectonic settings (Nemcok et al., 2005; Cooper, 2007). 
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Thrust tectonics (or contractional tectonics) is concerned with the structures formed, and the 

tectonic processes associated with the shortening and thickening of the crust or lithosphere. 

Therefore, this research falls within the realm of investigating the presence of a thrust belt within 

the Nigerian basement. 

1.2 LOCATION AND ACCESSIBILITY OF THE STUDY AREA  

The study area is located in and around Zungeru town in Niger State, North Central Nigeria. It 

lies withinLatitudes9° 45' and 10° 00' N and Longitudes 6° 00' and 6° 15' E, and formspart of 

Zungeru (Sheet 163NW) that underlies an approximate 770km
2
in aerial extent (Fig. 1.1). 

The towns and cities in the study area areKagara to the North, Kontagora to the North West, 

Minna to the North East and Bida to the South. It has a good network of roads linking it to all 

parts of the country. The major roads run through Tegina to the North, Wushishi and Bida to the 

South and Minna to the North East.It is also accessible by innumerable minor roads and 

footpaths and by Zungeru-Minna-Kano rail line from the North, and Zungeru-Lagos rail line 

from the South. 

1.3 CLIMATE AND VEGETATION  

Zungeru has a dry sub-humid climate that is classified as a Tropical Savanna with two seasons, a 

wet and dry season, and a tropical dry forest biozone. The wet season has a rainfall peak 

inSeptember. Temperature in the study area averages 28.2 °C. In a year, the average rainfall is 

1222 mm. March is warmest monthin any year with an average temperature of 38.3 °C at noon. 

December is the coldest month with an average temperature of 18.9 °C at night. Zungeru has no 

distinct temperature seasons as the temperature is relatively constant during the year, sharply 

dropping at nights. December is on average the month with most sunshine.  

file:///C:\wiki\Tectonics
file:///C:\wiki\Crust_(geology)
file:///C:\wiki\Lithosphere
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Most of the land area is not cultivated, as the natural vegetation is still intact. The study area falls 

within the Guinea Savanna belt, characterized by soil which may be described as lateritic and 

suitable for growing of many savannah crops and cereals. 

 

Figure 1.1: Location map of the study area 

 

1.4 RELIEF AND DRAINAGE  

Zungeru is a low-lying town located in a valley surrounded by highland which form the 

watershed for its river systems. The major rivers in the area include the River Kaduna and other 

smaller rivers such as Innamayi and Tausheta. Neighboring towns and villages are therefore on a 

higher elevation. Several rivers and streams drain the study area and many of these streams are 

seasonal, as they usually flow during the rainy season and are completely dry during the dry 
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season. The drainage patternis dendritic, and due to presence of numerous stream channels, the 

study area can be considered as well-drained. 

1.5 STATEMENT OF RESEARCH PROBLEM AND JUSTIFICATION  

Both the ensimatic and ensialic models of evolution have been proposed to explain the evolution 

of some of the schist belts of Nigeria (Ogezi, 1977; McCurry and Wright, 1977, Wright and 

Ogezi, 1977, Holt et al., 1978; Holt, 1982, Utke, 1987; Rahaman et al., 1988; Ajibade and 

Wright, 1989; Danbatta, 1991; Danbatta, 2008; Elueze, 1992).  

Ajibade and Wright (1989) proposed that the Nigerian Basement Complex evolved as a result of 

closure of small oceans between a series of microcontinents due to the collision between the 

West African Craton and the Congo Craton. They proposed that the southern Pan-African 

domain in West Africa (the Togo-Benin-Nigeria Shield) is an aggregation or ñmosaicò of island 

arcs, interarc basins and continental fragments. 

According to Odeyemi et al. (1999) the Ifewara fault in the southwest and the Zungeru-Kalangai 

fault in the north and north central parts of Nigeria are by far the most prominent lineament 

systems in Nigeria. Suggestions on the nature, structure and origin of the Ifewara fault favour an 

overthrust relationship between the amphibolites and the rocks of the Effon Psammite formation 

(Hubbard, 1975), while Turner (1983) opined that the fault may represent a collisional suture 

zone.The 50km long belt of Zungeru mylonites is also associated with crustal convergence, 

located within the vicinity of large shear zones and itself represents a re-folded thrust zone 

(Ajibade, 1982; Ajibade et al., 1979). 

Ball (1980) considered the KZI and AYI faults to be the result of a horizontal maximum stress 

axis oriented E-W, linked to the collusion at the West African Cratonic margin. 
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According to Onyedim and Ocan (2001), the Kalangai-Zungeru-Ifewara shear zone is 

contemporaneous with the emplacement of the mylonites at both Ifewara and Zungeru areas, thus 

suggesting that the mylonites might have been produced as a result of Pan-African shearing 

along the Ifewara-Zungeru fault. Field mapping and fracture data from an area located southeast 

ofOsu town near Ilesa, show that the Ifewara fault is a 3 to 5 km wide shear zone dominated by 

flat-lying mylonites, probably associated with some thrust tectonics (Affaton et al., 1991). 

From these lines of information provided in the preceding paragraphs, it is clear that there are 

similarities between the processes of evolution of the Nigerian Basement and that of Fold-and-

thrust (FAT) belts. The present study therefore seeks to answer the following questions: (i) is 

there a thrust belt within the present Zungeru study area?; (ii) i f there is, what is the style of 

deformation that created it?; (iii) i s it a thin-skinned or a thick-skinned deformation? 

1.6 AIM AND OBJECTIVES OF THE STUDY  

The aim of this research work is to investigate the tectonic evolution of the study area, with the 

following specific objectives: 

(i) To map the study area on a scale of 1:50,000 and identify the lithological units. 

(ii)  To analyze the shear zones in the area by describing their orientation and style of 

deformation. 

(iii)  To determine the amount of strain in the rocks of the study area. 

(iv) To determine the style of deformation and the structural geometry that affected the area. 

(v) To describe those tectonic events that affected the area and determine the relative ages of 

fabric elements. 

(vi)  To carry out joint analysis by measuring the density of joints and shear fractures. 
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(vii)   To update and produce geological and structural maps of the study area on the scale of 

1:50,000. 

 

1.7 SCOPE OF THE PRESENT WORK 

The scope of the present work involves: (i) literature review of previous work; (ii) remote 

sensing interpretation; (iii) field mapping using traverse exposure method at the scale of 

1:50,000; (iv) collection of representative rock samples for laboratory analyses, etc.The research 

focuses on mapping of the various lithologies found within the study area, determining their 

contact relationships and then analyzing their associated structures. These will help to determine 

whether or not the study area was affected by thrust tectonics and also provide additional 

structural evidences that are consistent withthe Pan-African crustal convergence.The overall 

structural analysis of the area will lead to detail description of the tectonic events that have 

affected the area over time. These analyses will include: microstructural analysis; strain analysis; 

analysis of fractures; and fold interference patterns. 
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CHAPTER TWO  

REGIONAL GEOLOGY  

2.1THE NIGERIAN BASEMENT COMPLEX  

The Nigerian Pan-African Basement is part of an Upper Proterozoic to Lower Phanerozoic 

mobile belt situated between the West African and Congo Cratons(Fig. 2.1).The belt is 

interpreted to have evolved by plate tectonic processes which involved continental collision 

between two blocks, the passive continental margin of the West African Craton and the active 

continental margin (Pharusian belt) of the Tuareg Shield about 600 Ma (Burke and Dewey, 1972; 

Leblanc, 1981; Black et al., 1979; Caby et al., 1981; Ajibade et al., 1987; Garba, 2002). The 

Nigerian Basement Complex lies in the reactivated part of the belt (Ajibade et al., 1987). 

The lithology of the Basement Complex has been described by many workers such asOyawoye 

(1972); McCurry (1976); Woakes et al.(1987); Rahaman (1976; 1988); Garba (2003); Dada 

(2006, 2008); Baba et al.(2006) among others. The Nigerian Basement Complex is divided into 

three major lithological units that include: 

i. Polymetamorphic Migmitite-Gneiss Complex. 

ii.  Metasediments 

iii.  Older Granite suite 

2.2 THE MIGMATITE -GNEISS COMPLEX  

The migmatite-gneiss complex is generally considered as the Basement Complex ñSenso Strictoò 

(Rahamam, 1988; Dada, 2006). About half of the Nigerian Basement consists of the migmatite-

gneiss complex (Kröner et al., 2001).It is a heterogeneous assemblage including migmatized 

gneisses, banded gneisses and a series of metamorphosed basic and ultrabasic rocks. 
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Figure 2.1: Location of the Nigerian Basement Complex between the West African and Congo 

Cratons and in relation to Hoggar and Borborema Provinces (adapted from Dada, 2008). 

 

These rocks strongly resemble thetonali-tetrondhjemite-granodiorite(TTG) suites of Archean and 

Early Proterozoic terrains elsewhere in the world (Dada et al., 1993). Petrographic evidence 

indicates that Pan-African reworking led to recrystallization of many of the constituent minerals 

of the migmatite-gneiss complex during partial melting, and most display medium to upper 

amphibolites facies-metamorphism (Dada, 2008). 
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The gneisses of the migmatite-gneiss complex are interleaved with amphibolites that may be 

derived from Mg-rich rocks such as continental basalts (Caby et al., 1990; Dada,1999; Dada, 

2008). However, there are no conclusive age and isotopic data to elucidate their origin (Dada, 

2008). Oyawoye (1972) noted that the banded gneisses are possibly the oldest rocks in the 

country, older than granite gneiss that yielded aRb-Sr whole-rock isochron age of 2190±30 Ma. 

Ajibade (1988) distinguished the ancient migmatites in northern Nigeria from the Pan-African 

migmatites by their complex polyphase deformation and mylonitization.  

Possibly because of their mixed and, therefore, complex nature, it has been difficult to define the 

protoliths of the banded gneisses (Kröner et al., 2001). Some authors suggested that they were 

metasediments derived from graywacke and shale (Freeth, 1971; Burke and Dewey, 1972), 

whereas others interpreted them as orthogneisses (Onyeagocha 1986; Ekwere and Ekwueme, 

1991; Kröner et al., 2001). However, most workers agree that migmatization occurred during 

upper amphibolite-facies regional metamorphism (Oyawoye, 1972; Onyeagocha and Ekwueme, 

1990). There is also consensus that metamorphic segregation, partial melting, and injection of 

leucogranitic material contributed to the formation of the banded gneisses and migmatites 

(Kröner et al., 2001). According to (Dada, 1999; 2008), gneisses and amphibolites in Nigeria 

form a bimodal association whoôs petrological and geochemical characteristics indicate a 

primary igneous origin.  

2.3 THE METASEDIMENTS  

The metasediments are divided into ñAncient Metasedimentsò and ñNewer Metasedimentsò 

(Oyawoye, 1972) or ñOlder Metasedimentsò and ñYounger Metasedimentsò (McCurry, 1976). 

The ñAncient Metasedimentsò (Oyawoye, 1972) or Older Metasediments (McCurry, 1976) are 

high grade metasedimentary remnants in the gneisses and migmatites and are believed to have 
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been formed about 2,500 Ma (McCurry, 1976). They consist of calc-silicate rocks, arkosic 

quartzite and high grade schist that occur as lensoid relics in the regional gneisses or as 

paleosomes of migmatites (Danbatta, 2008). 

The ñNewer Metasedimentsò (Oyawoye, (1972) or ñYounger Metasedimentsò (McCurry, 1976) 

are low-grade sediment dominated schist groups and are composed mainly of pelitic and semi-

pelitic schist, metaconglomerate, quartzite, calc-silicate rock, marble, mafic to ultramafic rocks, 

acid to intermediate volcanic rocks and rare banded iron formations (Danbatta, 2008). In the 

western half of the country, they occur as discontinuous north-south trending belts within the 

basement. There are twelve of such metasedimentary belts namely: Zungeru-Birnin Gwari, 

Kushaka, Malumfashi, Kazaure, Wonaka, Maru, Anka, Zuru, Toto, Iseyin-Oyan River, Ife-Ilesha 

and Igara-Kabba-Lokoja belts (Ajibade, 1976; Turner 1983; Danbatta, 1999; 2008).The 

metasediments are poorly represented in the eastern half of the country and this is attributed by 

Ajibade (1988) to the strong migmitization and assimilation effects on the sediments by the large 

volumes of the Pan-African rocks. However, few outcrops of some members of the 

metasediments particularly quartz schist, biotite schist and calc-silicate rocks occur in Gwoza 

and Ngoshe area in northeastern Nigeria (Nwabufo and Mbonu, 1988).  Furthermore, outcrops of 

some members of the metaseiments were equally reported in the Oban Massif, Obudu Plateau 

and the adjoining Cameroon Republic (Ekwueme, 1990; 1991). 

2.4THE OLDER GRANITE SUITES  

The Older Granite suites comprise the syntectonic to late tectonic granitoids. They intrude both 

the migmatite-gneiss complex and the metasediments. The granitoids include rocks varying in 

composition from granite to tonalite and charnockites with smaller bodies of syenite, gabbro and 

pegmatite (Ajibade et al., 1987). The granitoids have yielded radiometrics ages in the range of 



31 
 

750-500 Ma which lie within the Pan-African spectrum. These Pan-African granitoids are 

referred to as the Older Granites in Nigeria to distinguish them from the Mesozoic anorogenic 

granite ring- complexes (the Younger Granites). 

Based on orogenic criteria, Truswell and Cope (1963) grouped the Older Granites into 

synkinematic and late-kinematic types. The synkinematic group is usually coarse grained, 

foliated bodies with gradational contact and containsxenolith of their country rocks, while the 

late-kinematic group is commonly fine grained, rarely foliated and have sharp contacts with the 

surrounding country rocks. 

Jones and Hockey (1964) have, on the basis of field relationship, mineralogy and texture, 

recognized three phases of the Older Granite suite: 

a. Early phase which comprises rocks of high colour index and relatively complex 

mineralogy. The phase comprises of closely intermingled gabbroic, doleritic and granitic 

rocks usually intruded by acid veins. They are of minor occurrence and do not form 

distinct topographic features and are usually found as xenoliths within the latter phase. 

Hockey et al. (1986) have described a number of doleritic xenoliths within coarse 

porphyritc granite in Lokoja-Auchi area. 

b. Main phase includes the most dominant and extensive unit of the Older Granite suites. 

The rocks, predominantly medium grained biotite-hornblende granite and porphyritic 

biotite granite, are readily distinguished from others by their characteristic large 

subhedral pinkish to reddish (occasionally whitish) alkali feldspar set in a medium to fine 

grained groundmass of quartz, microcline, oligoclase, biotite and hornblende.  In many 

cases the feldspar megacrysts are commonly aligned along with the biotite which imparts 
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a gneissose appearance to the rock. Rahaman (1976) equated this phase to the 

synkinematic type of Truswell and Cope (1963). The foliation is usually well developed 

at the margins of the rock bodies which indicate some degree of movement during 

emplacement. Rahaman (1988) pointed out that the activity of the fluid phase during the 

emplacement may also be important in determining the structural feature of the granite 

mass. 

c. Late phase comprises of homogenous granite, as well as pegmatite and aplites dykes. 

Homogenous granites comprise of fine to medium grained biotite and biotite muscovite 

granites and granodiorite. Although the homogenous granites are generally equigranular 

in some varities the feldspar crystals locally develop to megacrystic size. The 

homogenous granites are second to the coarse porphyritic granites in abundance and 

topographic expression. The rocks of this phase generally lack foliation and are evidently 

instrusive. 

In the northeast of Nigeria, Ferre et al. (1998) have described hypersthene-bearing monzogranitic 

and quartz-monzonitic rocks of Neoproterozoic age with ferro-potassic transalkaline and 

metaluminous characteristics which have affinity with within-plate or post-collisional granites. 

They assigned these rocks to the post-collisional stage of the Pan-African orogeny. In southeast 

Nigeria, Ukwang and Ekwueme (2009) have documented granitic rocks in Obudu Plateau with 

volcanic arc and syncollisional affinity emplaced with regard to the Pan-African orogeny. 

2.5GEOCHRONOLOGY AND TEC TONIC EVOLUTION  

The Nigerian Basement evolved through polyphase tectono-metamorphic history, including 

Liberian (2700±200 Ma), Eburnean (2000±200 Ma) and Pan-African (600±150 Ma) events 

(Grant, 1970; Ajibade et al., 1987; Dada 1998). 
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According to Dada et al. (1993)and Dada (1998), U-Pb zircon age of 2.4 to 2.5 Ga on grey 

gneisses from northern and southwestern Nigeria suggests distinct crustal initiation event with 

significant crustal growth at the Archean-Proterozoic boundary (Liberian). Ajibade et al. (1987) 

reviewed the nature of the early Proterozoic Eburnean event in Nigeria, which clearly indicates 

its importance and involvement in the evolution of the Nigerian Basement Complex. According 

to these authors, the Eburnean was probably accompanied by sedimentation, deformation, and 

metamorphismand syntectonic igneous activity.  

The Pan-African event was related to the collision of Birrimean plate (comprising the present 

West African Craton) and the Dahomean (comprising the present day Nigeria-Benin Shield), as 

reported by Burke and Dewey (1972). The orogeny started with the opening of the Buem Ocean 

in Neoproterzoic time, its subsequent closure reactivated Dahomean while Birrimean remained 

stable.Many workers on the Nigerian Basement (McCurry, 1971; Rahaman ,1976); Cahen et al., 

1984)are of the view that the Pan-African orogenic event was the latest, most pervasive and 

penetrative deformation episode, and that it completely obliterated earlier structures, primary 

fabrics and metamorphic assemblages of the complex.  

On the other hand, Grant (1978), Mullan (1979), Ajibade (1988), Fitches et al. (1985), and 

Ekwueme (1987) are of the opinion that although it was pervasive, the Pan-African event did not 

completely homogenize the rocks of the basement, so that traces of earlier structures still remain 

within the complex. Many workers considered the Rb-Sr method to be unreliable in dating 

migmatitic rocks from which most ages older than Pan-African were obtained (Kröneret al., 

2001). Ajibade and Wright (1989) argued that the Nigerian Basement is an aggregation of 

allochthonous terranes, which explains the relicts of Liberian andEburneanorogenic events, as 

well as the spread of radiometric ages within the Pan-African range (750±450 Ma).  
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Field evidence has for a very long time reveal the Nigerian Basement as an assemblage of 

contrasted terranes with a well-developed metasedimentary cover to the west and a largely 

vestigial crystalline terrain to the east (Oyawoye, 1972; McCurry, 1976; Rahaman, 1976; Fitches 

et al., 1985; Ajibade et al., 1987). It is a continuum between the Hoggar to the north (McCurry, 

1976) and the Borborema Province to the south (Caby, 1989; Dada, 2008;Fig 2.1). Sutures have 

been proposed along two transcurrent fault zones, and in particular within the IfeïIlesha schist 

belt, which has been interpreted as a back-arc marginal basin (Rahaman et al., 1988), and east-

verging nappes (Caby and Boesse 2001; Dada, 2008). Structural studies by Black et al.(1994) 

and Ferre et al.(1996) have also strengthened the view on the contrasted nature of the Nigerian 

Basement. The presence of Archean crustal segments in the Nigerian as in Central Hoggar is 

compatible with an intracratonic setting (Dada 1998). Furthermore, the relict Archean ages 

strongly support the Continental collision model of Caby et al. (1981) and Caby (1989) that the 

region and the West African and Sao Luis Cratons must have been part of the same crustal 

province which was drifted apart, reunited and in part reworked in the Late Proterozoic (Dada et 

al., 1995, Dada and Rahaman 1995; Dada, 1998). 

2.6METAMORPHISM  

The Western part of the Nigerian Basement Complex generally experienced regional 

metamorphism but local thermal metamorphism occurred as a result of plutonic intrusion within 

some of the Schist Belts resulting in the formation of contact aureoles. Metamorphism reached 

the greenschist to middle amphibolite facie in the younger metasediments and upper amphibolite 

facie conditions in the crystalline rocks (McCurry, 1976; Ogezi, 1977; Ajibade, 1971 and 

Egbuniwe, 1982). A bimodal distribution of metamorphic facie exist between the greenschist to 

middle belt metamorphic facie of metasediments on one hand and upper amphibolite facie of the 
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crystalline rocks on the other hand (McCurry,1971). Evidence of mobility and plastic 

deformation in the latter indicates that metamorphic conditions in these rocks are similar to those 

described by Holland and Lambert (1969). 

Grade of metamorphism varies from one place to another. In Zungeru area for example, Ajibade 

(1987) recognized a Barovian type of metamorphism with metamorphic grade ranging from 

greenschist facie to almadine amphibolite facie (staurolite-almadine-muscovite sub facie). There 

are also some indications of two periods of syntectonic metamorphism separated and followed 

by periods of static metamorphism (McCurry, 1971 and Danbatta, 1998). 

Retrograde metamorphism occurred within shear/fractured zonesofchloritization of biotite, 

sericitization of feldspar and conversion of hornblende to biotite as a result of reduction in 

temperature and pressure (Ajibade, 1987; Egbuniwe, 1982 and Garba, 1992). Texturally, 

muscovite (or sericite) probably of regional metamorphism are lath-like and aligned within the 

schistocity, while the larger ones are tabular and overgrew the schistocity during contact 

metamorphism. Thermal metamorphism is recognized in the Anka and Maru Belts which results 

from the emplacement of Older Granites. This has formed a narrow contact aureole. In the 

pelitic, semi pelitic schist and psammites are indications of greenschist metamorphism 

(Egbuniwe, 1982). In the staurolite-garnet biotite bearing pellites, the presence of staurolite 

suggest lower amphibolite facie conditions (Winkler, 1974), while the first appearance of biotite 

and almadine garnet are respectively indications of middle-upper greenschist facie 

metamorphism (Miyashiro, 1973). 

2.7 STRUCTURAL RELATIONSHIPS  AND EVOLUTION OF THE SCHIST BELTS  

In recent years, much attention has been given to the evolution of the metasediments (Annor, 

1995; Adekoya, 1996; Olobaniyi, 1997; Annor, 1998; Danbatta, 1999; 2001; 2003; 2008). The 
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main points of contention that concern the evolution of the metasediments include the timing of 

formation of the basin of deposition, their age relationship, origin of the mafic and ultramafic 

rocks associated with some of them, and structural control. All the models proposed over the 

years for the evolution of the metasediments could be classified under ensialic and ensimatic 

processes. 

According to those in favour of ensialic evolution process, crustal thinning in response to initial 

crustal extension and continental rifting at the cratonic margin about 1000 Ma ago, led to 

deposition of sediments in a graben-like structures floored by continental crust. The closure of 

the ocean at the West African cratonic margin led to deformation and metamorphism of the 

sediments and underlying basement resulting in the formation of the metasediments and 

reactivation of older basement during the Pan-African orogeny (Russ 1957; Oyawoye, 1964a; 

1972; McCurry, 1971; 1976; Vaniman, 1976; Grant, 1978; Chukwu-Ike, 1978; Turner, 1983; 

Ajibade, 1976; Ajibade et al., 1987., Danbatta, 1999). Ensimatic models of evolution had also 

been proposed to explain the evolution of the metasediments (Ogezi, 1977; McCurry and Wright, 

1977; Holt,et al., 1978; Holt, 1982; Utke, 1987; Rahaman et al., 1988; Ajibade and Wright 1989; 

Danbatta, 1991; Elueze, 1992). Earlier proponents of this model attributed the formation of some 

metasediments (eg.Anka, Ife-Ilesha and Zuru metasedimentary belts) to the closure of some 

oceanic basins. They proposed that some marginal back-arc basin floored by oceanic material 

were first formed and in which some sediments were subsequently deposited. However, Holt 

(1982) observed that the Anka metavolcanic rocks have chemical characteristics of both island 

arcs and continental environments. He concluded that the metasediments were deposited in a 

retro-arc basin related to subduction processes along the margin of the West African Craton. 
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According to Utke (1987), these metasediments possibly represent additional microcontinents 

that were separated from pre-existing ones.  

The schist belts are complexly deformed with earlier folds being refolded by later ones. Burke et 

al. (1976) made a detailed study of the structures in the Ibadan area and observed two major 

phases of deformation associated with the low-grade schists in the area. Rahman (1976) 

described an early tight to isoclinals folds with nearly flat lying axial surfaces in the Iseyin area, 

which are refolded by open folds with steep axial planes and nearly N-S axes. For the Igarra belt, 

a major open synform that refolds an earlier E-W fold was documented by Odeyemi (1988), as a 

major structural feature of the belt. 

In Nigeria, structural studies of the metasedimentary belts have led to the proposition of two 

major phases of Pan-African deformation (McCurry 1971, 1976; Rahaman 1976, 1988). Phase 

one is characterized by isoclinals folds (F1) with sub-horizontal S1 axial schistocity plane and a 

dominant east-west mineral lineation (L1) parallel to the foldsô axis. Phase 2 is characterized by 

regional isoclinals folds (F2) with sub-vertical axial planes and subhorizontal axes and an S2 axial 

plane of shistocity.  However, it is the second phase of deformation that is regionally most 

pervasive. It has left an N-S inprint not only in the schist belts but all over the Nigerian 

basement. 

A comparison of structural events in the schist belts from NW Nigeria has indicated similar 

structural trends (Egbuniwe, 1982). There are similarities of the dominant deformations in all the 

belts, with the exception of the minor D3 and D4 events, which are not everywhere (Table 2.1). 
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Table 2.1: Deformation and structural history established for the schist belts in NW Nigeria (after 

Danbatta, 2008) 

Belt/source of 

information 

Kazaure belt 

(Danbatta, 

2002) 

Malumfashi 

Belt (McCury, 

1973) 

Anka 

Belt 

(Holt, 

1982) 

SW of 

Zuru Belt 

(Danbatta, 

1991) 

Kushaka 

Belt 

(Grant, 

1978) 

Birnin 

Gwari 

(Ajibade, 

1980) 

Maru Belt 

(Egbuniwe, 

1982) 
Deformation 

events 

D4     Rare and 

relct minor 

folds. 

Local 

developme

nt a 

strain0slip 

cleavage 

Steeply 

dipping 

folds and 

kinks. Axial 

planes 

strike N-

S/E-W 

Steeply dipping 

kinks with E-W 

strike 

D3    Open 

folds with 

smooth 

profiles 

and sleep 

NNE-

SSW axial 

planes dip 

Open folds 

with NNE-

SSW axial 

planes. 

Axes 

plunge 

north and 

south 

Open folds 

NE-SW 

axial dip 

and 

rounded or 

angular 

crest. 

Open to right 

Chevron folds 

and tight to 

isoclinals folds 

D2 Upright 

isoclinals 

folds with 

NNE-SSW 

axial planes. 

Cleavages 

developed 

Tight 

Isoclinals D2 

folds with N-S 

axial planes 

strike 

Cleavages 

developed 

Steeply 

dipping, 

E-W 

striking 

bands. 

Tight to 

isoclinals 

folds with 

moderate 

plunging 

axes, N-S 

cleavages 

developed. 

Tight to 

isoclinals 

disharmon

ic folds 

with steep 

axes. 

Axial 

planes 

strike N-S 

Co-planar 

with D1 

open to 

isoclinals 

large scale 

folds of S, 

schistocity. 

Axial 

planes 

strike NE-

SW. 

Open to  

isoclinals folds. 

Steeply dipping 

N-S striking 

cleavage 

D1 Relict 

recumbent 

isoclinals 

folds with N-

S trending 

axial planes. 

Mostly 

obliterated. 

Early ENE-

WSW foliation 

mated to Dc 

folds. Largely 

obliterated. 

Open to 

isoclinals 

upright 

folds 

with 

NNE-

SSW 

axial 

planes 

and 

Axes. 

Rare and 

obliterated 

minor 

folds with 

shallowly 

dipping E-

W to 

ENE-

WSW 

trends. S1 

axial plane 

clevarage 

Rare 

minor 

folds with 

E-W axial 

planes 

Folding of 

cover rocks 

on NE-SW 

trending 

axial 

planes. 

Cataclastic 

deformation 

of basement 

cover 

contact. 

Cleavage 

well 

developed 

Reflicts 

flatlying folds 

with N-S axes 

and S1 clevage. 

Folds 

obliterated by 

transportation 
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CHAPTER THREE  

MATERIALS AND METHODS  

3.1 PREAMBLE  

The methodology adopted for this research work consists of remote sensing interpretation, field 

study and laboratory analyses. Satellite imageries such as digital elevation models (DEM) and 

Landsat ETM of the study area were used for reconnaissance survey before going to the field for 

ground truthing. The field study involved geological mapping of lithologies and structural 

features on a scale of 1:50,000 which was undertaken using a topographic base map, geologic 

hammer, compass-clinometer and GPS. Laboratory work involved sample preparation, 

petrographic and strain analyses. The petrographic study was undertaken at the Petrographic 

Laboratory, Department of Geology, Ahmadu Bello University, Zaria. The fry method or center-

to-center technique for strain analysis was employed in order to calculate the strain in deformed 

rock samples in the study area. 

3.2 REMOTE SENSING METHODS 

Remote sensing analysis of the study area was carried out using Landsat ETM imageries and a 

digital elevation model. Six bands (1, 2, 3, 4, 5, and 7) and a digital elevation model were 

downloaded from Global land cover facility website (http://glcf.umd.edu/). Image processing 

was carried out using different softwares such as Erdas Imagine, Envi, Arc Gis, PCI-Geomatica, 

and Rock work. Image processing technique employed include false colour composite and 

principal component analysis (used to map lithological units), band rationing and lineament 

analysis. Lineaments for the study area were automatically generated and their dominant strike 

direction determined through rose diagrams. 
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3.3FIELD INVESTIGATION S 

Field investigationswere carried out in two (2) stages, first was a reconnaissance visit for five 

days, followed by the second field visit during which geological field mapping was undertaken 

on a scale of 1: 50,000 for two weeks. Fresh rock samples were collectedand the co-ordinates of 

every sampling point wererecorded with a Global Positioning System (GPS). Preliminary 

observation and identification of constituent minerals in the rock samples were carried out using 

magnifying lens. Field measurement of strikes and dip directions of planar and linear features 

was carried out usinga compass-clinometer. Other structural imprints like displacement of faults, 

dimension of veins and dykes were also recorded. 

3.4 LABORATORY WORK  

3.4.1 Petrography  

Fresh representative rock samples were selected from the different rock types and thin sections 

were produced in the thin section laboratory of the Department of Geology, Ahmadu Bello 

University. 

(i) A thin slice of rock or mineral specimen was cut using the diamond saw and trimmed to fit 

onto a glass microscope slide. 

(ii)  The rock slice was glued to the microscope slide with clear epoxy. 

(iii)  The slide with rock slice on its surfacewas mounted in a special holder and smoothened on a 

diamond slap until an appreciable reduction in the thickness of the rock slice was achieved. 

Finally, it was hand finished with 600 grit silicon carbide on a glass lap. 

(iv)When a thickness of 0.03mm was reached, the section was ready for examination under the 

microscope. The thickness of the section is usually measured with a digital micrometer or 
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estimated by visual inspection. With experience, a good estimation can be made by visual 

examination of the section and final checking with a microscope. 

(v) A cover slip is sometimes placed on the mount to protect the specimen. 

The prepared slides were examined under the petrological microscope to identify the minerals 

and other features that hitherto were not seen in hand specimen. 

3.4.2 Strain Analysis 

The center-to-center technique (also called the fry method after its inventorFry, 1979), was used 

to calculate the strain in rocks that before deformation contained randomly scattered objects or 

particles, such as phenocrysts in deformed granitic rocks. During deformation, the centers of 

adjacent objects become closer in the directions in which the rock is being shortened and farther 

apart in the directions in which the rock is being lengthened. 

Specifically, the Fry method is a graphical approach that uses the distribution of the centers of 

initially spherical strain markers to define a strain ellipse for the rock in question (Fry, 1979; 

Ramsay and Huber, 1983). A Fry plot is produced by plotting the location of strain-marker 

centers as a function of distance from every other strain-marker center. Practically, this can be 

done manually by plotting each grain center on a piece of tracing paper overlying a 

photomicrograph of grains; if the overlay is moved incrementally, and grain centers plotted 

again, the shape of a strain ellipse eventually appears.  

The ellipse is in the form of a void in the center of the Fry plot, which defines the strain ellipse 

with an axial ratio (Rs). The orientation of the strain ellipse is measured using the rake of the 

long axis from the baseline (ū) in the principle plane of strain. The Fry method is most effective 

with strongly anti-clustered, initially spherical strain markers of equal size that are strained 
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homogenously (Fry, 1979; Dunne et al. 1990; Crespi, 1986). The occurrence of such strain 

markers is not common in nature. To compensate for this problem, Erslev (1988) developed the 

normalized Fry method. This modification accounts for natural variations in the sizes and 

sphericity of strain markers. The normalized Fry method generates plots with greater definition 

of the central void. 

In order to evaluate strain and associated structural and micro-structural changes in the area, 

seven (7) samples of deformed rocks were analyzed. Thin-sections from each deformed rock 

were prepared for strain analysis along the XY planes of the finite strain ellipsoid. 

EllipseFit v.3.1.1strain software was used to analyze the photomicrographs obtained from the 

samples. This program creates elliptical outlines and calculates grain centers of individual 

grains.EllipseFit generates normalized Fry plots from digitized grain data in accordance with the 

methods outlined by Erslev (1988). EllipseFit software calculated the orientation and lengths of 

strain axes and plotted best-fit strain ellipses, removing the potential for error that arises from 

hand fitting. 
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CHAPTER FOUR 

RESULTS 

4.1 REMOTE SENSING 

4.1.1 Preamble 

Acquisitionof data by remote sensing is among thetechnological advancement that has 

beenrealized, and in geological aspect, thetechnique is normally used in acquiringEarthôs surface 

geological data like; structural features, lithologies and lithological sequences, relative age of 

rock strata, typesof drainage, soil type, vegetation cover, etc(Drury 1993). This technique when 

usedtogether with field mapping, i.e ground truthing, makes geological mapping more effective 

and efficient. 

4.1.2 Lithological M apping 

(a) False Colour Composite Technique 

False colour composite techniques likethose used by Rowan et al. (1974), Raineset al. (1978) 

and Riley et al. (2006),represented in R: G: B were employed for lithological mapping of rocks. 

Landsat band ratio as well as R.G.B composite images played an important role in identifying 

different rock types in the study area. Band ratios are effective in reducing the effect of 

illumination derived from the sun, slope and shadows to a marked degree. The image processing 

band-ratio technique is applied by dividing the digital number (DN) values of one band by the 

corresponding DN values of another band and displaying the new DN values as grayscale image 

(Sabins, 1997). 

(b) Principal Components Analysis (PCA) 

Principal components analysis (PCA) allows redundant data to be compacted into fewer bands in 

order to reduce thedimensionality of the data. An important advantage of PCA is that most of the 
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information withinall the bands (represented by the variance) can be compressed into a much 

smaller number of bands with little lossof information (Gibson and Power, 2000). The bands of 

PCA data are non-correlated and independent, and are oftenmore interpretable than the source 

data (Jensen, 1996).  

4.1.4 Lin eament Analysis 

The structural and tectonic framework of the Nigerian Basement Complex has been reported as 

comprising northeast ï southwesterly and northwest ï southeasterly lineaments superposed over 

a dominant north-southerly trend (Olasehinde et al., 1990), and NW-SE and NE-SW pair 

superposed on a N-S joint set (Annor et al., 1990; Annor and Freeth, 1985). 

Lineaments in the Basement Complex have a widespread occurrence and are found as sheared 

rocks and zones, which form as dykes and ridges and also as straight channeled streams which 

exploits weak zones of the earth. 

In the present study, Erdas Imagine Software was used to generate shaded relief images from 

Shuttle Radar Topography Mission Digital Elevation Model (SRTM DEM) (Fig. 4.7). The DEM 

indicates that the highest elevation is in the Northern part of the study area and in the extreme 

southeastern part, marked by yellowish colour. The lower elevations are found along the river 

channels and in the southwestern portion of the study area, as marked by bluish colour as shown 

in Fig. 4.7. 

The method can enhance lineaments at different orientation by simulating topographic 

illumination under varied light direction. In order to identify linear topographic features from the 

DEM, eight shaded relief images were created.  
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Figure 4.1: False colour composite image for bands 7, 4, 1 displayed in R.G.B. Note the 

dominance of green (vegetation) over the shades of red (gneiss, schist and amphibolite), and the 

blue colour delineating the drainage in the southeastern corner. 
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Figure 4.2:False colour composite image for bands 7, 5, 4 displayed in R.G.B. Note that the 

vegetation cover appears as blue, the drainage system as black, while areas covered by gneiss, 

amphibolites, migmatites and mylonites by yellow. 
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Figure 4.3:False colour composite image for bands 1/3:5/7:3/5 displayed in R.G.B. The greenish-

yellow region shows area occupied by quartzites, while the bluish region delineates areas 

occupied by gneiss and amphibolites. 
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Figure 4.4: False colour composite image for bands 5/1, 5/7, 4 displayed in R.G.B. Note that the 

major water body in the southeastern portion of the area is displayed as black while areas 

occupied by gneisses and amphibolites are light purple 
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Figure 4.5:Principal component analysis of bands 1, 2, 3 displayed in R.G.B. Note that the major 

drainage system and an amphibolite region in the far eastern portion of the study area are 

indicated by purple colour. 
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Figure 4.6: Principal component analysis of bands 4, 5, 6 displayed in R.G.B. Note that the 

different lithologies and drainage systems exhibit an almost uniform colour. 
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An ambient light setting of 0.2 and a solar elevation of 30
0
 were used to ensure good contrast. 

Shaded relief images were created by varying the solar azimuth (sun angle) through the 

following contrasting illumination angles; 0
0
, 45

0
, 90

0
, 135

0
, 180

0
, 225

0
, 270

0
 and 315

0
 (Figures 

4.8-4.15).   

 

Figure 4.7: SRTM DEM displaying elevation variation within the study area with the higher 

elevation in the Northern and southeastern portion and the lower elevation in the southwestern 

portion.  
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Figure 4.8: Shaded relief image derived from DEM with illumination direction (solar azimuth),0
0
 

used in identifying lineaments in different reliefs and topography. 
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Figure 4.9:Shaded relief image derived from DEM with illumination direction (solar azimuth), 

45
0
 used in identifying lineaments in different reliefs and topography. 
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Figure 4.10: Shaded relief image derived from DEM with illumination direction (solar azimuth), 

90
0
, used in identifying lineaments in different reliefs and topography. 
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Figure 4.11:Shaded relief image derived from DEM with illumination direction (solar azimuth), 

135
0
, used in identifying lineaments in different reliefs and topography. 

 

 



56 
 

Figure 4.12:Shaded relief image derived from DEM with illumination direction (solar azimuth), 

180
0
, used in identifying lineaments in different reliefs and topography. 
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Figure 4.13:Shaded relief image derived from DEM with illumination direction (solar azimuth), 

225
0
, used in identifying lineaments in different reliefs and topography. 
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Figure 4.14: Shaded relief image derived from DEM with illumination direction (solar azimuth), 

270
0
, used in identifying lineaments in different reliefs and topography. 
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Figure 4.15:Shaded relief image derived from DEM with illumination direction (solar azimuth), 

315
0
, used in identifying lineaments in different reliefs and topography. 
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Production of shaded relief images was followed by the combination of shaded relief images to 

produce two combined shaded relief images. The first combined shaded relief was produced 

from combination of shaded relief images with azimuth directions 0
0
,45

0
,90

0
 and 135

0
 (Fig. 

4.16). The second combined shaded relief images were produced from the shaded relief images 

with azimuth direction 180
0
, 225

0
, 270

0
 and 315

0
 (Fig. 4.17). 

Production of first and second combined shaded relief images was followed by automatic 

generation of lineaments from both images using PCI Geomatica Software (Fig 4.18 and Fig. 

4.19). Buffering of both lineaments images was carried out using ArcGis Software (Fig. 4.20 and 

Fig. 4.21). This was followed by adding the two buffered images to produce a thematic image 

that shows the similarities between both images (Fig. 4.22). Re-classification into two classes 

was then performed on the combined thematic image (Fig. 4.23) and lineaments were manually 

digitized to produce a final lineament map for the study area (Fig. 4.24).  

The lineament map revealed a dominant N-S, NW-SE and to a lesser extent NE-SWorientations 

of lineaments (Fig. 4.24). The concentration of lineaments per unit area was determined through 

lineament density analysis of the study area (Fig. 4.25).The lineament density can be expressed 

in variable ways; in the present study it is expressed as the number of lineaments per grid unit 

area. The resulted lineament density was classified into three categories; low, moderate and high. 

The major part of Zunegru area is characterized by low to moderate lineament density. The 

lineament density increases toward the northern and northeastern sectors of the area. 
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Figure 4.16: Shaded relief images derived by combining four other shaded relief images with 

azimuth directions 0
0
,45

0
,90

0
 and 135

0
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Figure 4.17: Shaded relief images derived by combining four other shaded relief images with 

azimuth directions 180
0
, 225

0
, 270

0
and 315

0
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Figure 4.18: Lineaments from combined shaded relief images with azimuth direction 0
0
,45

0
,90

0
 

and 135
0
 showing two main trend directions, with the predominance of NNE-SSW lineaments 

over the NNW-SSE direction. 
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Figure 4.19: Lineaments from combined shaded relief images with azimuth direction 180
0
, 225

0
, 

270
0
 and 315

0
showing two main trend directions, with the predominance of NNW-SSE 

lineaments over the NNE-SSW directions.
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Figure 4.20: Buffered combined shaded relief image with azimuth directions 0
0
, 45

0
, 90

0
, 

135
0
showing two main trend directions, with the predominance of NNE-SSW lineaments over 

the NNW-SSE directions. 

 

 

 


