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ABSTRACT

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

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.HE present stugdyhereforeseels to investigate the presence of

a thrust belt within theNW segmentof the Nigerian Basement CompleXhe geological
investigations of Zungerand its environsvas undertaken in orderinterprés istructural and
tectonic evolution.Remote sensing analysigsingatellite data (Landsat ETM imageries
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andligital elevation mode)and field investigations which include ttadlection of rock sampls

as well as structural data shdivat he study a@a comprise of gneiss, migmatite, quartzite,
phyllite, schist, amphibolite and mylonitdhe KalangaiZungerulfewara (KZI) transcurrent
fault observed, cuthrough the study areproducing fault rocks like cataclasitesheared
gneissesind mylonitesStructural relationships wereinvestigatédough: microstructural, strain
andfractureanalysesandalsoevaluation offold interference pattesnThese analyses show that
themain planar structures encountenedhe study areare foliations andtleavages, bedding
surfaces, fold axial planes, fault planes, joints and veins. Linear features measuretieid the
include beddingleavageintersection lineatios) mineral stretching lineationsind minor fold
axes (hinge line3. Rose diagram plotard circle inventory analysis of jointshow that he
fractures have a dominaNiNE-SSW, NE-SW and NA/-SE trends with the highest density in
granite gneiss outcrops and lowest in migmatiiseclelon veins found in the area ar®ught

to be evidence of sheng as aesult of displacement acrofaults or shear zorse Microscale
deformation at the scale of individual grains was determined through microstructural analysis of
photomicrographs of rockthat deformed through a range dfictile grain scale deformation
mechanismssuch as recrystalization, intcaystalline deformation and twining. Oriented thin
sections ofdeformedrocks from the study area were examined in the laboratory in order to
determine th@&legree of deformation, the straigection andsense of shearing. At this scalee
sense of shear indicators include porphyroclasts, mica fish and asymmetric micriddiltiag

a predominant dextral stril@ip movementThe dominant stress direction iSVE, consistat
with the PapAfrican crustal shorteninglhis research reveathat the rocks in the area were
affected by two successive deformational phades and D, indicated by the presence
cataclastic $cleavagesand NNESSW trendingopen to isoclinaF, folds. The alignmentof
lineaments and othenajor structures into NlSW, NW-SE and NS orientations imply that the
D, deformation was &ate stage PaAfrican eventthat affectedhe basement rocks of the study
area.Processing ofaellite imags, structural analysisjicrotectonics, ad petrographic studies
revealshatthe area evolved through a transpressional deformatioich involves a component
of strikesslip movement and a component of shortenifigrust tectonics as an eence of
crustal shortening was obseruwgidhin myloniteathe bank ofRiver Kaduna.
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CHAPTER ONE

GENERAL INTRODUCTION

1.1BACKGROUND

Nigeria is underlain by Precambrian Basemeaotrplex rocks, anorogenic Younger Granites of
Jurassic age, Cretaceous to Recent sediments andryfeat Recent volcanic rocksvith the
basement rockeccupyingabout half of the land masof the country (Black, 1980Xungeru
forms part ofthe Ni ger i ad s BasementaGmplexitemrain which is a segment of
theregional Dahomeyide fold belt (Affaton et al., 1981uctural geologyypically pertains to

the dservation,description and interpretation of structures that can bemapped in thé field.
deals withhow folds, faults and other deformation structuappear and forrm thelithosphere
Structuresoccur in @ny different settingsranging from featuretundreds of kilometers long
down to microscopic detaisnd haveexperienceahanges in stressand str&tructural geology

is an essential tool in unraveling the geologic history of any given area or region within the
Earth, especially in mountain beltdhere oiginal arrangements of rocks ayeblogic contacts

have been modified by deformational movements.

Geologic domains such as the Canadian Rockies, in which regional horizontal tectonic
shortening of the upperust yields a distinctive suite of thrufstults, folds, and associated
mesoscopic structures, are calledld-thrust Beltsor Fold-andThrust Belts.Fold and Thrust
Belts are typical regions in most Orogenic belts controlled by compressiomalitecand have

been documenteth environments resulting from plate convergence such as those formed at
plate collusion boundariebold-andthrust (FAT) belts have a worldwide distribution and occur

in a variety of tectonic settings (Nemcekal, 2005; Cooper, 2007).
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Thrust tectonicqor contractional tectoni¢ss concerned with the structures formed, and the
tectonic processes associated with the shortening and thickening afrdiseor lithosphere
Therefore, this researdhlls within the realm of investigating the presence of a thrust belt within

the Nigerian basement.

1.2LOCATION AND ACCESSIBILITY OF THE STUDY AREA

The study are#s locatedin and aroundungeru townin Niger Sate, North @ntral Nigeria.t

lies withinLatitudes9° 45 and 10° 00" N and Longitude6°® 00" and 6° 15' E and formpart of
Zungeru(Sheet 163NW}hat underliesin approximat@70knyin aerial extent(Fig. 1.1).

The towns and cities in thetudy areaaréKagara to the NorthKontagora to the North West,
Minnato the North East and Bida to the South. It has a good network of roads linking it to all
parts of thecountry. The major roads run through Tegina to the North, Wushishi and Bida to the
South and Minna to the North Editis also accessible by innumerable minor roads and
footpathsand by ZungeruMinna-Kano rail line from the North and ZungertLagos rail ine

from the South.

1.3CLIMATE AND VEGETATION

Zungeru has dry subhumid climate that is classified as eopicd Savanna with two seasons, a
wet and dry season, and a tropical dry forest biozdihe. wet sason has a rainfall peak
inSeptemberTemperaturen the study areaverages 28.2 °C. In a year, the average rainfall is
1222 mm.March is warmesionthn any yearwith an average temperature3#.3°C at noon.
December ighe coldestmonthwith an average temperatureld.9°C at night. Zungeru has no
distinct temperaturseasons athe temperature is rdlaely constant during the year, sharply

dropping at nighs. December is on average the month with most sunshine.
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Most of the land area is not cultivated tlas natural vegetation is still intadthe 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.
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Figurel.1: Location map of the study area

1.4RELIEF AND DRAINAGE

Zungeru is alow-lying town located in a valleysurrounded by highland which form the
watershed foits river systems. Thmajor rivers in the areiaclude the River Kaduna aradher
smaller rivers such as Innamayi and Taushééaghboringtowns and villages artherefore on a
higher elevationSeveralrivers andstreans drainthe study area anghany ofthese streams are

seasonal, as thaysually flow during the rainy season aark completelydry during the dry
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seasonThe draingye patterniglendritic and die topresence of numerous stream channéiks
studyarea can be considered as wkhined

1.5STATEMENT OF RESEARCH PROBLEM AND JUSTIFICATION

Both the ensimatic and ensialienodek of evolution haveébeen proposed to explain the evolution
of some of the schist belts Nigeria (Ogezi, 1977; McCurry and Wright, 1977, Wright and
Ogezi, 1977, Holtet al, 1978; Holt, 1982, Utke, 1987; Raxhan et al, 1988; Ajibade and

Wright, 1989; Danbatta, 199Danbata, 2008 Elueze, 1992)

Ajibade and Wright (1989) proped 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 Cratofhey proposed that the southern Perican

domain in West Africa (the TogBeninNi geri a Shield) is an aggregqg:

arcs, interarc basins and continental fragments.

According to Odeyemet al (1999) the Ifewara fault in th@sthwestand the ZungerKalangai

fault in the north and north central parts of Nigeria are by far the most prominent lineament
systens in Nigeria. Suggestions on the nature, structure and origin of the Ifewara fault favour an
overthrust relationship between theribolites and the rocks of the Effon Psammite formation
(Hubbard, 1975)while Turner (1983) opined that the fault may represent a collisional suture
zoneThe 50km long belt of Zungeru mylonites asso associated with crustal convergence,
located withinthe vicinity of large shear zones and itself represents-falded 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 BW, linked to the collusioat the West African Cratonic margin.
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According to Onyedim and Ocai2001), the KalangatZungerulfewara shear zone is
contemporaneous with the pfacement of the mylonites both Ifewara and Zungeru areas, thus
suggesting that the mylonites might haween produced as a result of Fencan shearing

along the Ifewar&ungeru fault. Field mapping and fracture data from an area located southeast
ofOsu town near llesa, 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 (Afiettah, 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 andl flolt-and

thrust (FAT) belts. e presentstudy therefore seeks to answer the followingestions (i) is

there a thrusbelt within the present Zungestudy are@; (ii) if there is, what is the style of

deformation that created jt(ii) i sit athin-skinned orathick-skinned deformatich

1.6 AIM AND OBJECTIVES OF THE STUDY
The aim of this research work is to investigate the tectorotuBen of the study area, witie
following specificobjectives
(i) To map the study arem a scale of 1:50,000 and identify the lithological units
(i) To analyzethe shear zones in the area by describing their orientation and style of
deformation.
(i) To determine the amount of strain in the rocks of the study area.
(iv) To determine the style afeformation and the structural geometry tHtgaed the area
(v) To describe those tectonic evetiiataffected 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.

1.7SCOPEOF THE PRESENT WORK

The scope of the present work involves: (i) literature review of previous work; (ii) remote
sensing interpretain; (iii) field mapping using traverse exposure methatdthe scale of
1:50,000; (iv) collection of representative raskmples for laboratory analysescThe research
focuses on mapping of the various lithologies found within the study area, determining their
contact ré&ationships and then analyzing their associated structures. These will help to determine
whether or not the study area svaffected by thrust tectonics and also provédiglitional
structural evideres that are consistent withtli®anAfrican crustalconvergenc&he overall
structural analysis of the areallead 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 foldt@rference patterns.
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CHAPTER TWO

REGIONAL GEOLOGY
2.1THE NIGERIAN BASEMENT COMPLEX
The Nigerian Pam\frican Basemenis part of an Upper Proterozoic toower Phanerozoic
mobile belt situated between the West African and Congo Ci&igns2.1).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) oéthuaregShield abou600 Ma(Burkeand Dewey, 1972;
Leblanc,1981; Blacket al., 1979; Cabyet al., 1981; Ajibadeet al, 1987; Garba2002). The

Nigerian Basement@nplex lies in the reactivated paftthe belt (Ajibadeet al, 1987).

The lithology of the Beement @mplexhas been described by many workers su€yawoye
(1972); McCurry (1976); Woakest al(1987); Rahamar{1976; 1988) Garba (2003); Dada
(2006, 2008); Babat al(2006) among other The Nigerian Basement Complex is divided into
threemajor lithological urntis thatinclude:

I.  Polymetamorphic Migmitite&Gneiss ©@mplex.

ii. Metasediments

iii. Older Granite suite

2.2 THE MIGMATITE -GNEISS COMPLEX

The migmatitegneiss compleis generally considered as the Basement®p | e x A Senso
(Rahamam, 1988; Dada, Z&)0 Abouthalf of the Nigerian Bsement consists of tleigmatite
gneiss omplex Kroner 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 ofthe 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 resemblettim@ali-tetrondhjemitegranodiorite(TTG) suites of Archean and

Early Proterozoic terrains elsewhere in the world (Datlal, 1993). Petrographic evidence

indicates that PaAfrican reworking led to recrystallization of many of the constituent minerals

of the migmatitegneiss complex during partial melting, and most display medium to upper

amphibolitegaciesmetamorphism (Dada, 2008)
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The gneisses of the migmatg@eiss complex are interleaved with amphibolites that may be
derived from Magrich rocks suchas continental basalts (Caley 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, otler than granite gneiss that yieldalb-Sr whole-rock isochron age of 21968 Ma.

Ajibade (1988) distinguished the ancient migmatites in northern Nigeria from thAffeam

migmatites by their complex polyphase deformation and mylonitization.

Possiblybecause of their mixed anitherefore complex nature, it has been difficult to define the
protoliths of the banded gneissé&dner et al, 2001). Some authors suggested that they were
metasediments derived from graywacke ah@dle (Freeth, 1971; Burkand Dewey,1972),
whereas others interpreted them as orthogneisses (Onyeagocha 1986; Ekwere armdeEkwu
1991, Kroner et al., 2001). However, most workers agree that migmatization occurred during
upper amphibolitdacies regionametamorphismQ@yawoye 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
(Kroéner et al, 2001). According to (Dada,999; 2008) gneisses and amphibolites in Nigeria
form a bimodal associatioww h o petrological and geochemical characteristics indicate a

primary igneousrigin.

2.3THE METASEDIMENTS

The metasedi ments iaerng dMeviiadseed i metedt 2@ A d 0 the MiNg
(Oyawoye, 1972) or Ol der Met as@®dCurmeld/6)s o and
The #AAnci ent Met asedi mentso (Oyawoye, 1972)

high grade metasedimentarymmeants in the gneisses and migies ard are believed to have
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been formed about 2,500 Ma (McCurry, 1976). They consist ofstlatate rocks, arkosic
guartzite and high grade schist that occur as lensoid relics in the regiassegnor as
paleosomes of migntiges (Danbatta, 2008).

The fArNeMeet asedi mentso (Oyawoye, (19723976br AYO
are lowgrade sediment dominated schasbups and are composed mainlypeditic and semi

pelitic schist metacoglomerate, quartzite, cakilicate rock marble, mafic to ultraafic rocks,

acid to intermediate volcanic rocks and rare banded iron formations (Danbatta, 2008). In the
western half of the country, they occur as discontinuous +soith trending belts within the
basement. There are twelve ofcBumetasedimentary beltsamely: ZungeruBirnin Gwarri,
Kushaka, Malumfashi, Kazaure, Wonakéaru, Anka, Zuru, TotolseyinOyan River, Ifellesha

and lgaraKabbalokoja belts (Ajibade, 1976; Turner 1983; Danbatta, 1999; 2008).The
metasediments are poorly represented in the realstdf 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 PaAfrican rocks. However, few outcrops of some membef the
metasedimentparticulary quatz schist, biotite schistnd calesilicate rocks occur in Gwoza

and Ngoshe area mortheastern Nigeria (Nwabufo and Mbonu, 1988). Furthernoorterops of

some memeérs of the metaseimenigere equally reported in the Oban Massif, Obudu Plateau

and theadjoining Gimeroon Republic (Ekwuem&990; 1991).

2.4THE OLDER GRANITE SUITES

The Older Granite suites comprise gyntectonic to late tectonic granitoids. They intrude both
the migmatitegneiss complex and the metasediments. The granitoids include rocks varying in
composition from granite to tonalite and charnockites with smaller bodies of syenite, gabbro and

pegmatie (Ajibadeet al.,198%. The granitoid have yielded radiometrics ages in the range of
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750500 Ma which lie within the PaAfrican spectrum. These Pdfrican granitoids are
referred to as the Older Granites in Nigeria to distinguish them from the Mesomrogenic

granite ring complexes (the Younger Granites).

Based on orogenic criteria, Truswell and Cope (1963) grouped the Older G&remde
synkinematic and latkinematc types. The synkinematic groug usually coarse graingd
foliated bodies withgradational contact and contaxesolith of thé country rocks, wile the
late-kinematic groups commonly fine grained, rarely foliated and have sharp contacts with the

surrounding cantry rocks.

Jones and Hockey (1964) have, on the basis of fieldioe&hip, 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 Lokoj#uchi area.

b. Main phase includes the most dominant amtensive unit of the Older Granite saite
The rocks, presminantly medium grained biotdeornblende granite angdorphyritic
biotite granite, are readily distinguished from others by their charaiterigrge
subhedrapinkish to reddish (occasionallyhitish) alkali feldspar set in a medium to fine
grained groundmass of qtmrmicrocline, oligoclase, biotite angbrnblende. In many

cases the feldspar megacrysts are commonly aligned along with the biotite which imparts
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a gneissose appearance to thekroRahaman (1976) equated this phase to the
synkinematic type of Truswell and Cope (196B)e foliation is usually weltleveloped

at the margins of the rock bodies which indicate some degree of movement during
emplacement. Rahaman (1988) pointed out ttaiactivity of the fluid phase during the
emplacement may also be important in determining the structural feature of the granite
mass.

Late phase comprises of homogenous graagewell aspegmatite and aplitedykes
Homogermus granites comprise @ihe to medium grained biotite and biotite muscovite
granites and granodibe. Although the homogenous granites are generally equigranular
in some varities the feldspar crystals locally develop to megacrystic size. The
homogenous granites are second to tharsm porphyritic granites in abundance and
topographic expression. The rocks of this phase generally lack foliation and are evidently

instrusive.

In the northeast of Nigeria, Fereeal.(1998) have described hypersthdyearing monzogranitic

and quartzmonzonitic rocks of Neojpterozoic age with ferrpotassic transalkaline and

metaluminous characteristics which have affinity with wipiate or postollisional granites.

They assigned these rocks to the pmdlisional stage of the Paisfrican orogeny.n southeast

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

volcanic arc and syncollisional affinity emplaced with regard to theA®acan orogeny.

2.5GEOCHRONOLOGY AND TEC TONIC EVOLUTION

The Nigerian Basement evolvedhrough polyphase tectormetamorphic Hstory, including

Liberian (2700200 Ma), Eburnean (200@60 Ma) and PapAfrican (600£50 Ma) events

(Grant 1970; Ajibadeet al, 1987; Dada 1998).
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According to Dadeet al. (1993and Dada (1998), {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 Arche®noterozoic boundary (Liberiandjibadeet al (1987)
reviewed the naturef the early Proterozoic Eburae event in Nigeria, which clearly indicates

its importance and involvement in the evolution of the Nigerian Basemeanpl€x. According

to these authors, the Ebuamewas probably accompanieg sedimentationgeformation,and

metamorphisrand syngctonic igneous activity.

The PapAfrican event was related to the collision of Birrimean plate (comprising the present
West African Craton) and the Dahomean (comprising the present day Negetira Shield) as
repoted by Burke and Dewey972). The orogeny started with the opening of the Buem Ocean
in Neoproterzoic time, its subsequent closure reactivated Dahomean while Birrimean remained
stableMany workers orthe Nigerian BasemeiiicCurry, 1971; Rahaman ,197&ahenet al,
1984pre of the view that the Pakfrican 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 handGrant (1978), Mullan (1979), Ajibade (1988), Fitchatsal (1985), and
Ekwueme (1987) are of the opinitimat although it was pervasive, the Pnican event did not
completely homogenize the rocks of the basement, so that tracesef gtaukctures still remain
within the complex Many workers considered the f85 method to be unreliable in dating
migmatitic rocks from which most ages older thamRfrican were obtainedKronert al,
2001). Ajibade and Wright (1989) arguehat theNigerian Basement is an aggregation of
allochthonous terranes, which explathe relicts of LiberiarandEburn@norogenic events, as

well as the spread of radiometric agethw the ParAfrican range (750450 Ma).
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Field evidence has foa very long timereveal the Nigerian Bsement as an assemblage of
contrasted terraisewith a welldeveloped metasedimentary cover to the west and a largely
vestigial crystalline terrain to the eg€tyawoye, 1972McCurry, 196; Rahaman, 197&jtches

et al.,1985; Ajibadeet al, 1987) It is a continuum between the Hoggar to the north (McCurry,
1976) and the Borborema Province te gouth (Caby, 1989; Dada, 20Big; 2.1). Sutures have
been proposed along two transcurrent fault zones, and in particular withinithestia schist
belt, which has been interpreted as a backmarginal basin (Rahaman al, 1988), and east
verging nappegCaby andBoesse 2001; Dada, 2008tructural studieby Black et al(1994)
andFerreet al(1996) have also strengthened the view on thérasted nature of the Nigerian
Basement. The presence of Archean crustal segments in the Nigerian as in Central Hoggar is
compatible with an intraatonic seing (Dada 1998). Furthermorg¢he relict Archean ages
strongly support the Continental collision model of Cabyl. (1981) and Caby (1989) that the
region and the West African and Sao Luis Cratons must have been part saintkeecrustal
province which wadlrifted apart, reunited and in part reworked in the Late Proterozoic (Btada
al., 1995, Dada and Rahaman %9Dada, 1998).

2.6METAMORPHISM

The Westernpart 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 greenshist to middle amphibolite facie in the younger metasediments and upper amphibolite
facie conditions in the crystalline rocks (McCurry, 1976; Ogé#77; Ajibade 1971 and
Egbuniwe, 1982). A bimodal distribution of metamorphic facie exist between taesgiest 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 conditiotisese 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 (stauraliteadinemuscovite sub facie). There

are also some indications of two periods of syntectonic metamorphism separated and followed
by periods of static metamorphism (McCurry, 1971 and Danli68)

Retrograde metamorphism occedr within shear/fractured zonesbforitization of biotite,
sericitization of feldspar and conversion of hornbkemal biotite as a result of reduction in
temperéure and pressure (Ajibade, 198Egbuniwe, 1982 and Garbd992). Texturally,
muscovite (or sericite) probably oégional metamorphism are ldike and alignedwithin 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 foraethrrow cotact aureole In the

pelitic, semi pelitic schist and psamtes are indications of greenschist metamorphism
(Egbuniwe, 1982). In the stauroligarnet biotite bearing pellites, the presence of staurolite
suggest lower amphibolite facie conditions (WimkE974), while the first appearance of biotite

and almadine garnet are respectively indications of midpper greenschist facie

metamorphism (Miyashiro, 1973).

2.7STRUCTURAL RELATIONSHIPS AND EVOLUTION OF THE SCHIST BELTS
In recent years, much attentiblas been given to the evolution of the metasedim@urtsor,

1995; Adekoya, 1996; Obaniyi, 1997; Annar1998; Danbatta, 1999; 2001; 2003; 2008). The
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main points of contention that cara the evolution of the metasediments include the timing of
formation of the basin of deposition, their age relationsloipgin of the mafic and ultramafic
rocks associated w#h some of themand structural controlAll the models proposed over the
years for the evolution of the metasediments could be classified undaliceasd ensimatic

processes.

According to those in favour of ensialic evolution process, crustal thinning in response to initial
crustal extension and continental inf§ at the cratonic margin about 1000 Ma ago, led to
deposition of sediments in a grablée structures floored by continental crust. The closure of
the ocean at the Wét African cratonic margin led to deformation and metamorphism of the
sediments and underlying basement resulting in the formation of the metasediments and
reactivation of oldr basement during the Rafrican orogeny (Russ 1957; Oyawoye, 1864

1972; McCurry, 1971; 185; Vaniman, 1976; Gran,978; Chukwulke, 1978; Turner, 1983;
Ajibade, 1976; Ajibadeet al, 1987., Danbatta, 1999). Ensimatic models of evolution had also
beenproposed to explain the evolution of the metasediments (Ogezi, 1977; McCurry and Wright,
1977; Holtet al, 1978; Holt, 1982; Utke, 1987; Rahametral, 1988; Ajibade and Wright 1989;
Danbattal991; Eluezel1992). Earlier proponents of this model attitdd the formation of some
metasediments (eg.Anka, {fiesha and Zuru metasedimentary belts) to the closure of some
oceanic basins. They proposed that some marginatdrackasin floored by oceanic material
were first forned and in which some sedimentsem subsequently deposited. However, Holt
(1982) observed that the Anka metavolcanic rocks have chemical characteristics of both island
arcs and continental engmments. He concluded that theetasediments were deposited in a

retro-arc basin related to bduction 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 pegisting ones.

The schist belts are complexly deformed with earli@Sdeing refolded by later ones. Buide

al. (1976) made a detailed study of the structures in the Ibadan area and observed two major
phases of deformation associated with the-¢pade schists in the area. Rahman (1976)
described an early tight to isa@ls folds with nearly flat lying axial surfaces in the Iseyin area,
which are refolded by open folds with steep axial planes and ne&lgiés. For the Igarra belt,

a major open synform that refolds an earlievHold was documented by Odeyemi (1988),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 Paifrican deformation (McCurry 1971, 1976; Rahaman 1976, 1988). Phase
one is characterized by iso@ls folds (ff) with sulkhorizontal $ axial schistocity plane and a
dominant eastvest mineral lineation () parallel to th& o | axis. ®hase 2 is characterized by
regional isoclinals folds @ with subvertical axial planes and subhorizontal aaed an $axial

plane of shistocity. However, it is the second phase of deformation that is regionally most
pervasive. It has lefan N-S inprint not only in the schist belts but all over the Nigerian

basement.

A comparison of structural events in the istibelts 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 minog &1d D, events, which are not everywhere (Table 2.1).
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Table 2.1: [2formation and structural history established for the schist belts in NW Nigeria (after

Danbatta, 2008)

Belt/source of | Kazaure belt| Malumfashi Anka SW of Kushaka Birnin Maru Belt
information (Danbatta, | Belt (McCury, Belt Zuru Belt Belt Gwari (Egbuniwe,
i 2002) 1973) (Holt, (Danbatta,| (Grant, (Ajibade, 1982)
Deformation 1982) 1991) 1978) 1980)
events
D, Rare and Steeply Steeply dipping
relct minor dipping kinks with EW
folds. folds and strike
Local kinks. Axial
developme planes
nt a strike Nt
strainOslip S/IEW
cleavage
Ds Open Open folds| Open folds| Open to right
folds with | with NNE- NE-SW Chevron folds
smooth | SSW axial| axial dip and tightto
profiles planes. and isoclinals folds
and sleep Axes rounded or
NNE- plunge angular
SSW axial| north and crest.
planes dip south

D, Upright Tight Steeply Tight to Tight to Co-planar Open to
isoclinals Isoclinals D2 | dipping, | isoclinals | isoclinals with D1 isoclinals folds.
folds with folds with NS E-W folds with | disharmon open to Steeply dpping
NNE-SSW axial planes | striking moderate | ic folds isoclinals N-S striking

axial planes. strike bands. plunging | with steep| large scale cleavage
Cleavages Cleavages axes, NS axes. folds of S,
developed developed cleavages Axial schistocity.
developed.| planes Axial
strike NS planes
strike NE
SW.

D, Relict Early ENE Opento | Rareand Rare Folding of Reflicts
recumbent | WSW foliation | isoclinals | obliterated minor cover rocks| flatlying folds
isoclinals mated to Dc | upright minor folds with | on NESW | with N-S axes

folds with N- | folds. Largely folds folds with | E-W axial trending and S1 clevage
S trending obliterated. with shallowly planes axial Folds
axial planes. NNE- dipping E planes. obliterated by
Mostly SSwW W to Cataclastic | transportation
obliterated. axial ENE- deformation
planes WSW of basement
and trends. S1 cover
Axes. axial plane contact.
clevarage Cleavage
well
developed
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CHAPTER THREE

MATERIALS AND METHODS

3.1PREAMBLE

The methdology adopted for this research work consistseaiote sensing interpretaticineld
studyand laboratory analyseSatellite imageries such as digital elevation models (DEM) and
Landsat ETM of the study areawe used for reconnaissance survey before going to the field for
ground truthing.The field studyinvolved geological mappingf lithologies and structural
featureson a scale of $0,000 which was undertaken usingopographt basemap, geologic
hammer compasslinometer and GPS. hboratory work involvd sample prepatin,
petrographt and strainanalyss. The petrographic study wasndertaken at the é®ographic
Laboratory, Department of Geology, Ahmadu Bello University, Zdiee fry method or center
to-center technique for strain analysis was employed in order to calculate the strain in deformed

rock sampledn the study area.

3.2REMOTE 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 facilityebsite (http://glcf.umd.edu/). Image processing

was carried out using different softwares such as Erdas Imagine, Envi, Arc GiSeBhtica,

and Rock work. Image processing technique employed include false colour composite and
principal component analigs (used to map lithological units), band rationing and lineament
analysis. Lineaments for the study area were automatically generated and thaemrdstrike

direction determinethrough rose diagrams.
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3.3FIELD INVESTIGATION S

Field investigatioswere carried out in two (2) stages, first was a reconnaissaisdefor five
days,followed by the second field visdluring which geological field mapping was undertaken
on a scale o1: 50,000for two weeks Freshrock samples were collectaddthe ceordinates of
every samplingpoint wergecorded witha Global Positioning System (GPSRreliminary
observéion and identification otonstituent mineralintherock samplesvere carried out uisg
magnifying lens. Fieldneasurement adtrikes and dip diretions of planar and linear features
was carried outisinga compasslinometer Other structural imprints likdisplacement of faults,

dimension of veins and dykes wexlsorecorded.

3.4LABORATORY WORK

3.4.1 Petrography
Freshrepresentativeock samples were selected from the different rock types and thin sections
were poducel in the thin section laboratory die Departmentof Geology, Ahmadu Bello

University.

() A thin slice ofrock or mineral specimewas cut usingthe diamond saw and trimmed to fit

onto a glass microscope slide

(i) Therockslicewasglued to the microscope slide with clear epoxy

(iif) The slidewith rock slice on its surfageasmountel in a special holder and smootherneda
diamondslap until an appreciable reduction ithe thickness of the rock slicevas achieved

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

(iv)When a thickness of 0.03mwasreachedthe sectiorwas ready for examination under the

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

examination of the section and final cheakiwith a microscope.

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

The prepared slides were examined under the petrological microscagentidy the minerals

and otheffeatures that hithertwere notseen in hand specimen

3.4.2 Strain Analysis

The centetto-center techniquéalso called the fry nthod after its inventorFryl979), was used

to calculatethe strain in rocks that before deformation contained randomly scattered objects or
particles, such as phenocrysts in deformed granitic rd2eng deformation, the centers of
adjacent objects become closerhe tirections in which the rodk being sortened 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 noakuestion (Fry1979;
Ramsay and Hubed983. A Fry plot is produced by plotting the location of strenarker
centers as a function of distance from every ostierinmarker centerPractically, this can be

done manually by plotting each grain centm 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, pinich defines the strain ellipse
with an axial ratio RS). The orientation of the strain ellipse is measured using the rake of the
l ong axis from the baseline (0) in the princi

with strongly anticlugered, initially spherical strain markers of equal size that are strained
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homogenously (Fry1979; Dunneet 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 straktand micrestructural changes in the area,
seven (7) samples of defmed rocks were analyzed. THsections from each deformed rock

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

EllipseFit v.3.1.%train softwarewvas used to amge the photomicrographs obtainédm the
samples.This program creates elliptical outlines and calculates grairersemtf individual
grainsEllipseFitgenerates normalized Fry plots from digitized grain data in accordance with the
methals outlined by Erslev (1988[llipseFit software calculated the orientation and lengths of
strain axes and plotted bd#tstrain ellipses, removing the potential for error that arises from

hand fitting
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CHAPTER FOUR

RESULTS

4.1REMOTE SENSING

4.1.1 Preamble

Acquisitionof data by remote sensing is among thetechnological advancement that has
beenreali zed, and in geological aspect, thete
geological data likestructural features, lithologiesnd lithological sequences, relative age of

rock strata, typesof drainage, soil type, vegetation ¢c@te(Drury 1993). This technique when
usedtogether wh field mapping, i.egrourd truthing,makes geologicamnappingmore effective

and efficient

4.1.2Lithological M apping

(a) False Colour CompositeTechnique

False colour composite techniguéethose used by Roweet al (1974), Rainest al (1978)

and Rileyet al (2006),represented in R: G:\ereemployed for lithological nm@aping 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 areBand ratios are effective in reducing the effect of
illumination derived fromhe sun, slope and shadows tmarked degre€elhe image processing
bandratio 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 ComponentsAnalysis (PCA)

Principal components analysis (PCA) allows redundant date toimpacted into fewer bands in

order to reducenedimensionality of theada An important avantage of PCA is that most thfe
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information withinall the bands (represented thg varianck can be compressed into a much
smaller number of bands with little lossof information (Gibson and PB&@&0). The bats of
PCA data are ncenorrelated and independent, and are ofteemiaterpretable than the source
data (Jensen, 1996).

4.1.4 Lineament Analysis

The structural and tectonic framework of the Nigerian Basement Complex has been reported as
comprising northeast southwesterly and northweistsoutheasterly lineaments superposed over

a dominant nortsoutherly trend (Olasehinde et al99D), and NWSE and NESW pair
superposed on a-N joint set (Annor et al., 1990; Annor and Freeth, 1985).

Lineaments in the Basement Complex have a widespread occurrenaeeémahd assheared

rocks and zones, which form as dykes and ridges and altoaaght 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
indicatesthat 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 maiedshycolour 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 reecreated.
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Figure 4.1 False colour composite image for bands 7, 4, 1 displayed in RIoE the
dominance of green (vegetation) over fiiades ofed (gneiss, schist and amphibolitend the
blue colour delineating the drainage in Hueitheastern corner.
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Figure 4.2False colour composite image for bands 7, 5, 4 displayed in RN&at# that the
vegetation cover appears as bltree drainage system as blagkyile areas covered by gneiss,
amphibolites, migmatites and mylonites bylgw.
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Figure4.3False colour composite image for bardd3:5/7:3/5displayed in R.G.BThe greenish
yellow region shows area occupied by quartzites, while the bluish region delineates areas
occupied by gneiss and amphibolites.
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Figure4.4: Falsecolour composite image for bands 5/1, 5/7, 4 displayed in RoR: that the
major water body in the southeastern portidnttee area is displayed ddack while areas
occupied by gneisses and amphibolites are light purple
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Figure4.5Principal compaent analysis of bands 1, 2, 3 displayed in R.Gl&e that the major
drainage system and amphiboliteregion in the far eastern portion of the study area are
indicated by purple colour.
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Figure 4.6: Principal component analysis ofifids 4, 5, &lisplayed 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 &f\@ére used to ensure good contrast.
Shaded relief images were created by varying the solar azimuth (sun angle) through the
following contrasting illumination angles®0458’, 9, 13%, 180, 225, 27¢ and 315 (Figures

4.84.15).
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Figure 4.7: SRTM DEM displaying elevation variation within the study anedh the higher
elevation in the Northern and southeastern portion and the lower elevation in the southwestern
portion.
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Figure4.8 Shaded relief imageerived from DEM with illumination direction ¢tar azimuth))°
used in identifying lineaments in different reliefs and topography.
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Figure4.9Shaded relief image derivécbm DEM with illumination direction (solar azimuth),
45° used in identifying lineaments in different reliefs and topography.
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Fi%ure4.10 Shaded relief image derived from DEM with illumination direction (solar azimuth),
90", used in identifying lineaments in different reliefs and topography.
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Figure4.11Shaded relief image derived from DEM with illumiiwa direction (solar azimuth),
135, used in identifying lineaments in different reliefs and topography.
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Figure4.12Shaded relief image derived from DEM with illumination direction (solar azimuth),
180°, used in identifying lineaments in differentied$ and topography.

56



6°5'0"E 6°10'0"E 6°15'0"E

10°0'0"N

I
o
vy
wy
&
Z
o
2
2N
6°0'0"E 6°5'0"E 6°10'0"E 6°15'0"E
0 6,250 12,500
I seeaasmw ) Meters Legend
Elevation
Value

High : 0.932964

- Low : 0.2

Figure4.13Shaded relief image derived from DEM with illumination direction (solar azimuth),
225, used in identifying lineaments in different reliefs and topography.
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Figure4.14 Shaded relief image derived from DEM with illumination direction (solar azimuth),
270°, used in identifying lineaments in different reliefs and topography.
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Figure4.15:Shaded relief image derived from DEM with illumination direction (solar azimuth),
315, used in identifying lineaments in different reliefs and topography.
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Production of shaded relief images was followedh®/combination of shaded relief images to
produce two combined shaded relief images. The first combined shaded relief wasgroduc
from combination of shaded relief images with azimuth direst@h5’,9¢° and 138 (Fig.
4.16. The second combined shaded relief imagese produced from the shaded relief images

with azimuth direction 189 225, 27¢ and 318 (Fig. 4.17.

Producton of first and second combined shaded relief images was followed by automatic
generation of lineaments from both images using PCl Geomatica Software (Fig 4.18 and Fig.
4.19). Buffering of both lineamentmages was carried out using Ais&oftware (Fig4.20 and

Fig. 4.21) This was followed by adding the two buffered images to produce a thematic image
that shows the similaritiebetween both images (Fig. 42Reclassification into two classes

was then performed on thernbined thematic image (Fig. 8Rand lineaments were manually

digitized to produce a final lineamenamfor the study area (Fig. 4)24

The lineament mapevealed a dominant 1$, NW-SE and to a lesser extent M¥\orientatiors

of lineamentgFig. 4.24) The concentration of lineamentsr unit area was determined through
lineament density analysis of the study affég. 4.25)The lineament density can be expressed

in variableways;in the present study it is expressed as the number of lineaments per grid unit
area. The resulted lineamtdensity was classified into threategories; 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 bgnebinng four othershaded relief images with
azimuth direction 0°,45°,9¢ and 135
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Figure4.17: Shaded relief images derived by combining four o#fiaded relief images with

azimuth direction 18, 228, 27Fand 318

62



6°5'IO"E 6°10|’0"E 6°15'0"E

10°0'0"N

=
e
N

4 Z
o o
o™ =
wv v
] Q
| / // |
| |
6°0'0"E 6°5'0"E 6°10'0"E 6°15'0"E
0 7,500 15,000 Legend
Meters
Lineament

Figure4.18: Lineaments from combined shaded relief images with azimuth directj¢&,00°
and 138 showing two mairtrend directions, with the predominance of NNESW lineaments
over the NNW-SSE direction
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Figure4.19:Lineaments from combined shaded relief images with azimuth directidh 228,
27¢ and 318showing two main trend directionswith the predominance of NNWSSE
lineaments over the NNBESW directions.
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Figure4.2Q Bufferedcombined shaded relief image with azimuth directidh<&, 9,
135’showing two main trend directiongvith the predominance of NNESW lineaments over
theNNW-SSE directions.
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