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ABSTRACT
The study area is located within the northwestern part of the Zuru Schist Belt, which is the
largest schist belt in northwestern Nigeria. The major tgpks in the study area constdt
quartzites, muscovite schisiad medium grained granite; while the minor rocksare quartz veins
and pegmatites which have a dominant-8\& trendPetrographic studies have shown that
guartzite is composed of quartz and muscovite. Muscovite schist is composed of quartz, biotite
and musovite while medium grained granitssomposed of quartz, muscovite, microcline,
perthite and sericiteStructures identified were classified into ductile and brittle structures.
Folds and foliations constitute the ductile structures, while joints are ritike Istructures.
Analysis of these structures using rose diagrams and stereographic projslctisthat they
are dominanly orientedin the EW, NW-SE, NESW and NS directions. BNV is the minor
trending direction, NWSE, NESW and NS arethe major tends. Remote sensing analysisof
linear structures within the study anesing Global Mapper V15 and ArcGis software reveals
dominant NNESSW trend, as well as abundantSNlineamentsand EW lineamentd=ield
studies such as attitude of planar and lirstarctures, orientation of fold axial planes, styles of
folding and oveiprinting of one fabric by another reveal thhe tstudyareahas experienced
polyphaseepisodes of deformatiasienoted as D1 and DZhe first phase Dis associated with
the develoment of an S1 schistosity foliation antbav-lying andpartially obliteratedninor F1
folds. The second phase D2 involved heterogeneous deformation which gave rise to an S2
crenulation foliation of the earlier S1 structure and an F2 major tight to isoclinal folds. Strain
analysisemploying(Fry, 1979 techniqueshowsthat thestudyarea is het@geneousn nature
as isevident from the varying orientations of halos in th&1$E, NESW and NS drections.
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CHAPTER ONE

INTRODUCTION
1.1BACKGROUND
The Nigerian BsementComplex is characterized by differengrades of metarmophism,
orogenies and structural modifications (Odeyemi, 1981; Rahatredin 1983; Caby, 198%nd
these have beeamflected in its complex pelogical and structural composition. The polycyclic
nature of the basement rock suggest thatlier episodes of metamorphism, magmatism,
orogenies and tectonism would have been overprinted, reworked and modified by younger
events (De Swardt, 1947; Oyaye 1972; Woakestal., 1987; Ajibadeetal., 1987; Omosanya

et al, 2010, 2011, 2012).

The Zuru Schist Belt is the most wesgeschist belt in the Nigeriandsement and the broadest
with a length of about 28km and a maximum width of 4m. Its geologyis little known and
the main rok types are quartziteflocally feldspathicthat areinterbeddd) with quartz
muscovite schisfMcCurrry, 1976).The geological tsuctures within the Zuru Schist Belt are
very complex varying widely in dips and strik&lot muchresearctworks on this schist belt are
availablealthough it hascomplex structure featureébat could be correlatedith the Kushaka
Schist andotherbelts Structural evoltion of rocks is concerned witldentification of various
deformation episags associated with theock structures based ostudies ofpresent day
structural styles and orientations. Danbatta (196&dgnize three deformation episodes in the
southwestern portion of the Zuru Schist Belt (D2, and D3).This researctherefores focused
onthe geology and analyses of structurethefnorthwestern part of the Zuraltsst Belt so as to

documenits structural evolution.



1.2LOCATION, EXTENT AND ACCESSIBILITY OF THE STUDY AREA

The study area is locatedithin the Zuru Schist Beltwhich is the largest shist belt in
northwestern Nigeria. It lies within Latitudd.1°30 00" and11° 45 00’N and Longitude 5° 00

00" and 5° 20" O0"E (Fig.1.1) and formspart of Danko Sheet 74SW. It coversan area of
approximately 102&m?. The study are@an be accessed through a minor road thns from
Zuru town through Bnko to Maga in the northeast. It can also be accessed from tared
road that runs from Bhuta (a major townin the southeast toufu town.From the northern
boundary it can becaessed from a minor road that runs from Barkin Daji through Danko to

Zuru town.Access to outcropsas made following footpaths (Fig.1.1).

1.3 CLIMATE AND VEGETATION

The study area is characterized by a Tropical Continental type of climatehtrscerized by

two dominant rainyand dry seasons. The rainy season usually starts in June and last till October
while the dry season commences in late October to February. Mean annual rainfall is about 800
to 1000 mm. temperature is generally high with meanuahtemperature of about %5
however during the harmattan season , the temperature can be as I€ @am@Tises up to

40°C during the months of April to June. Night temperatures are generally lower. Relative
humidity is generally low (40 percent) forost of the year except during the wet season when it

reaches an average of eighty percent
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The study aga is characterized by a Sudav&inah vegetation type, which is characterized by a
thick thornshrub and grassedth scattered treesush asParkia Clappertoniana, Porassud
dum palms. The natural vegetation has hevdeen altered in many area as a resutitehsive

cultivation, grazing, fuel wood harvesting and bush burning.

1.4 RELIEF AND DRAINAGE

The area is generally undulagirwith the highest pealn Kokanawa area wdre elevationis
about 82 m above mean sea level abago area withelevation ofabout 410 m in the
southeastern parts of the study area. The lop@st isat Masama with elevation of about 260

m in the northwstern parts of the study area.

In broad term, the general relief of the aredefnedby low lying ridges, hills and minor domes
which rise above the surrounding areas. The drainage pattern of the study area is dendritic
(Fig.1.2). All the streams in therea are seasonal, flowing only during the rainy season such as

river Matseri, Gollo and Matsama.
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1.5STATEMENT OF RESEARCH PROBLEM

The Zuru Schist Belt is the most westerly and the widésichist belts within the cryalline
BasementComplex rocksin northwestern Nigeria with a length of about 280 km and a
maximum width of 40 km. It forms a-8 trending belt in its northern part, but bifurcates into
western and eastern arms in its southern part. The Zuru Schist Belt consist of assemblage of
muscovie-biotite banded gneisses, porphyroblastic gneisses, migmatites, schists, quartzites,
metavolcanics (amphibolites), Older Granites and minor saikch as gabbro, andesite,

granulites and calsilicates (Adefila,1966; McCurry, 1978; Turner, 1983; Udot87)9

Adefila (1966) was the first to map parts of the belt on a reconnaissance basis when he noted the

occurrence of quuartzites, mica schists, granulites anesitalates rocks.

McCurry (1978)carried outthe geological investigation of the northeastsector of the Zuru
Schist Belt, where she identified the Yelwa and Ribah faults andpatshicel a generalized
geological map f parts of northwestern Nigerieand recorgnised quartzite schists,

metavolcanics and Olderr&hites as the major rock unitsthe aregFig.1.3)

Turner (1983xarried out on reconnaissance studiesZuru Schist Beland describetbw angle

dips and BEW folds upon which steep-8 cleavages were superimposed.

According to Ajibade and Wright @9), the Zuru area contains dwcrustal blocks that were
formerly separated by an unknown distance and became welded togethgrtderPamfrican
aggregation. fie boundary between these blocks is now represented by the majgWNikear
zone that crosses the Zurheet.

Udoh (1987;1988) undertook remote sensing interpretation of parts of the aar@also

recorgnised the presence of the Yelwa #edRibah faults.

6



12°N

\ 5
N %\l\f’ g/

6°E
VvV B " — | Younger metasedimenta
b vy Gundumi formation — phylli%es v
] . [ 7 | Older metasedimentary
Granitic rocks LT | quartzites

| Gneiss/migmatites

‘ ) Serpentinite, Meta Gabbro
basement

- and Anoorthosite
‘ 3 ‘ Younger quartzites Structural lineas from
aerial photographs
" Major fauits

Figure 1.3 Simplified geological map of the Zuru ar¢after McCurry 1978).

Danbatta (1991garried outhe Geological investigatieof the southestern portion of the Zuru
SchistBelt. He ndedthe three deformation episodes,{[D2 and [B) that affectedherocks of

the soutlwestern portion of the ZurBchistBelt and documented the occurrence of amphibolite,
guartz schist, Zuru anticlinorium and Iri dome.

Danbatta (2005) undertook theugtural interpretation of the soutkstern partof the Zuru
SchistBelt using remote sensing daad identifieda number of structural elemenfhese are
thethree major NNESSW to NESW trending Yelwa, Yauri and Ribah dextral faults, a 1$&
trending Gum sinistral fault and a major -8 trending anticlinoriumcalled the Zuru

anticlinorium.



Danbatta and Garba (2007) worked on the Geochemistry and petrogenesis of Pracambria
amphibolites within the soutvesten part of the Zuru Schist Belind noted thathe Zuru
amphibolites as having an extremely lowCK high ALOs and low TiQ, Nb, Zr, Y, Ni and Cr

contents that are typical of an island arc or back arc settings.

Danbatta (2008 studiedthe Precambrianrustal development in the southstern part of Zwr
Schist Belt He noted that the Zuru Schist Belt is lithologically différéiom the other schists
belt in northwestern Nigeria in that it is predominantly composed of quartzitiés very

surbodinate schists and amphibolites, but no B.I.Fs.

Ramadan and\bdelFattah (2010) worked on the characterization of gold mineralization in
Garin Hawal area of Kebbi state using remote sensicighiquesTheyused landsat ETM+ false
color composite images (bands#, 2 in R, G, B) for regional geologic mapping amstiuctural
investigatiors, and discovered three gold bearing sheanes According to themalteration
zonesand associated quartz veins wgenerally concordant with the main NEWV regional
structural trenabf the areaandare dipping to the northwest.

However,apart from theorevious work a the study arely Adefila (1966),McCurry (1978)
Turner (1983) Udoh (1987; 1988)Danbatta (1991 Danbatta (2005)Danbatta and Garba
(2007, there isno documented studies tme structural evolution othe nathwestern parof the

Zuru Schist Bel(ZSB).

1.6 AIM AND OBJECTIVES OF THE STUDY
The aim of this work is t@arry out a comprehensiygeological mappingf the northwestern
part of the Zuru Schisték to idenify the rock types and structural featur@®sent in the area.

The objectivs of the studyare:



i.  To carry out remote sensing interpretation of the lineaments withirstheyarea
ii.  To undertake detailed petrographic description of the various rock types
lii.  Tostudy the deformation pattern of the ati@@ughstrainanalysison photomicrographs
of rock samples

iv.  Producea geological and structural mapthe arean a scale of: 50,000

1.7SCOPEOF THE PRESENT WORK

The present workeviewed previous works carried out by authors that have studiedvankied
onthe Zuru Schist BelfThe fieldwork exercissinvolved reconnaissancand detailed surveys of

the study area, collection of rock samples, measurement of linear and planar rock stanctures
recordingtheir strikes, dips, thicknesses and coordisalnstruments such as Global Positioning
System (G.P.S), geologic compass, tapé thetopographicmap ofthe study area wenesed
during thefield mappingexercise. Laboratory analysis such as petrographic analysis; strain
analysis ad gereographic mjections wereundertakenon samples obtained within the study

area

CHAPTER TWO
REGIONAL GEOLOGY
2.1PREAMBLE
This chapterreviews the g®logy, tectonic evolution, mtamorphism and structures within the

Nigerian Basement CompleXhe Nigerian B.semenComplex forms a part of the Pafrican



mobile belt and lies between the West Africaratonand Congo Cratoand south othe Tuareg
Shield (Black, 1980fFig 2.1). The Nigerian hsement was affected by the 600 Ma-Réican
orogeny and it occupies thieactivated region which resulted from plate collision between the
passive continental margin of the West Afric@maton and the active Pharusian continental

margin (Burke and Dewey, 1972; Dada, 2006

Geological Units

Phanerozoic cover

. 1 Neoproterozoic cover

Vi Neoproterozoic (juvenile)

Brasiliano with some
Palaeoproterozoic

Brasiliano with abundant
—J Palacoproterozoic

o

E Cratons —4 20°N
i)
L E a 500km
> L 1

s
/‘ l
cAfrican
i

w 10° N
-

“ Salvador
R b i im e U e A AN .

Figufe 2.1 Location of the Nigerian Basement Coexbetween the West African Craton an
Géa&mgorOtatpoa|Daddeat@8)cates that the Nigem BasementComplexis polycyclic and

comprisegocks of Achaean (2.0 3.0 Ga),Eburnean (200& 200 Ma) andPan African (750

450Ma)(Turner, 1983; Fitchestal., 1985; Ajibadestal., 1987; Elueze, 2000).

Intruding and truncating the Négian Bassementare a number of Younger r&nites ring

complexesof Mesozoic age (Falconer, 191lacobsoret al. 1964).The structural fram&ork of
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Nigerian BasemenComplexis defined by both brittle deformation structurgsns, faults and

shear zones) and ductilefdamational structures (fold$éineationsand foliations).

2.2LITHOLOGY

The NigerianBasemeniComplex rocls have been classified intbree petrdithological units
(Fitchesetal., 1985; Ajibadeetal., 1987) namely:

I.  Gneisses and igmatites

ii.  Schist Beltdmetasedimentary andatavolcanics rocksand

iii. Older Ganites.

2.2.1 Gneisses and Mymatites

The migmatite gneissomplex iscomposed ofhe oldestock Basement @nplexand have been
dated asirrimian age (about 2500 million yeard).is generally cosidered to be the Basement
Complex sensu stricto (Raman, 1988; Dada, 2006) and it is the most widespread of the
component unitsmakingup about 60% of # surface area of the Nigeriaasement (Rahaman
and Ocan, 1978)The migmatitiegneiss omplex is also termed by some workers as the

migmatitegneissquartzitecomplex The rocks are mainlyguartzites, mphibolites,calcareous

rocks,biotite hornblende gneissegjaytz sbist and otite hornblende schist (Wright985).

2.22 Metasedmentary and Metavolcanics (Schist RIts)

The Nigerian schist bedtarebest developed in th@orthwest zonavhich isabout 30km wide.
The schist bedtzone is flanked by migmatigneissgranite terrain to the east and west, and the
same terrain separates the individoelts within the zone (Turner, 1983; Ajibadeal., 1987).
The schist blts are metasedimentary and metavolcanic defotovedrade (green schist facies)

rock (Fitcheset al., 1989. All the schist belts are predominantly composed of metamorphosed
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pelitic and sempelitic rocks (Ekwueme 1995) but each belt differs in the amount of such

lithologies as conglomerategeywackequartzite calcaeous rocks and volcanic rocks.

Turner (1983) and Ajibadet al. (1987) igentified and classified elevanain schst belts in the
northwestern andarth-centra parts of Nigeria. The eleveschist belts are the Birnin Gwari,
Kushaka, VWnaka, Zuru, Anka, Maruyialumfashi, Kazaure, lllesha, Igarra atgknyiOyan
schist bels. These schist lits have been studied in déte.g: Malumfashi (McCurry, 1973),
Kushaka (Truswell and Cope, 196Grant, 198); Birnin Gwari (Truswel and Cope, 1963;
Ajibade, 1980)Anka (Fargner, 1961; Holt 1982); Mafibguniwe, 1982)and Zuru (McCurry,

1978; Danbatta, 199Danbatta and Garba007 Ramadan and Abdé&lattah, 201p

2.2.3 Older Granites

The intrusive granitoids of northwiern Nigeria were first named Olderagites by Falconer
(1911), to distingish them from theirt-bearing Younger @nites of Jurassiage which occurs

in cental Nigeria. The Older @nites occur as distinct plutons of limited petrographi@syp
(Ekwueme and Onyeagocha, 1982ataman, 1988 such as the Zaigranite batholith (lke,
1988) andMainchi granite batholith (Egbuniwe, 1982) which are oriented in a&rgemNS
direction.

The Older Ganites of Nigeria consist of a wide spectrum of rocks varying in composition from
tonalite through granodiorite to granitie, syenite and charnockite rocks (TrustmelCope
1963). The granitoids have been emplaced inth bw migmatie-gneiss complexnd the schist

belts.
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Figure2.2 Schist [elt locations within the context of the Geology of Nige&fief Woakeset
al., 1987).

The northsouthlinear aggregation of many & batholiths of thdasement Compleguggest
that they may be related to desgaed pre-existing plutonic episode controlled by deep mantle
structure Qgezi, 1977). The intense regional deformation which accompaniedrecetpd the
emplacement of th®Ilder Granites resulted in the pronnced and wide ¥ trend. he Qder
Granites have beedated by several authors &90-700 Ma (Van Breemeret al., 1977,

Rahamaretal., 1983.

23 EVOLUTIONARY MODELS OF SCHIST BELTS

2.3.1 Background

The Nigerian schist belts are believed to be of two typesk@&tay 2007) those composed of
Older Metasediments (mainly found in southvest Nigeria) and the lowgrade Youger

Metasediments (mainly found in northwestern Nigeria)
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[ vahomeyan basement [ Buem Formation  [E==] Volta Basin sediments [ 3Mesozoic and Younger Cover (Younger Igneous rocks
mBirimim and granites Togo Formation Ew belts (Pan-African) in Dahomeyan 6ranites (Pan African)

Figure 2.3 Basement Gdogy of Nigeriaand adjacent areas. Note the locations of migmatite
gneisscomplex (mgn)the schist belts (sb) and tléder Granites (ogWright, 1985).

The closure ofthe ocean at the West Africanrdfonic margin led to the deformation and
metamorphism of the sediments andderlying basement during thearPAfrican orogeny
(Oyawoye, 1964; 1972; McCurry, 1971; 1976; Ajibade, 1971; 1976; Chikeu1978;
Danbatta, 1999But Vaniman (1976) considerghke existence of a major sedimentary trough to

be responsible for the deposition of the Nigerian schist belts.

A similar scaario was postulated by Chukwike (1978) who argued that the schist belts in NW
Nigeria are fault bonded ensialic troughs. Similarly, Turner (1983) considered the Anka belts
with Maru, Birnin Gwari, Wonaka, Malunfashi and Kazaure belts, as originating in one back arc

basin. The Zuru and Kushaka belts were also considered to have formed in a separatéhpas

the Zuru quartzitebs representing basin margi
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The evolution of the schist belts is also considered in the context of Eburnean deformation, under
extensional and compressional regimes (Danbatta, 2008). Schist belts without mafic and
ultramafic rocks but withdocumented presence of Algoma banded irormétions are
considered ensi@l and Eburnean in age. Banded iromfations are absent in those schist belts

whose origin is ascribed to ensialic processes anéAR&an in age.

Structurd control is also important for thevolution of the schist belts.h€ huge AnkaYauri-

Iseyin (AYIl) and the KalangaZungerulfewara (KZI) lineaments that rurthroughout the
Nigerian Basement Compleare considered as deep faults defining tectonic bl¢Desbatta,

2008) Along the AYI fault zone, Wilson cycle processes involving the opening and closing of
eastwest back arc oceans have operated at least locally. Closure of the basins led to the
deformation of the sediments, the reactivation ofgxistingrocks and the formation of the

remaining schist belts and syn orogenic plutonism.

All the models of evolution of NigeriaBchist Belts over the years could be classified under

ersialic and ensimatic processes.

2.3.2 Ensialic Models

According to thosen favour of ensialic evolution processes, crustal thinning in response to
initial crustal extension and continental rifting at the cratonic margin someMaQ@o, led to
deposition of sediments in a graben like structure floored by continental crusio$tee of the

ocean at the West African cratonic margin led to the deformation and metamorphism of the
sediments and underlying basement resulting in the formation of the schist belts and reactivation
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of older basement during thean-African Orogeny (Oyavoye 1964; 1972; McCurry, 1971;
1976; Turner, 1983; Ajibadet al.,1987; Danbatta, 1999). While Vaniman (1976) proposed the
existence of a major sedimentary trough to be responsiblthéodeposition of the Nigerian
schist lelts, Chukwdlke (1978) arguedhat the schist belts in NW Nigeria are fault bounded

ensialic troughs.

Turner (1983) also considered the Anka belts with the Maru, Birnin Gwari, Wonaka, Malumfashi
and Kazaure belts, as originating in one baugk basin. The Zuru and Kushaka belts were
considered by Turner (1983) to have formed in a separate basin, with the Zuru quartzite,
representing basin margin deposits. Fitcaeal., (19895 and Udoh (1987) envisaged complex
volcano sedimentary trough deposits, with the foromatin the belts beindateral facies
equivalents. In supportintis view, Ajibadeet al, (1987) proposed the formation of baaic
grabenlike structures in PaAfrican times to be responsible for the formation of the schist belts.
However, recent suggestion by Gémyi (1997 emphasized the role of Eburnean events in the

formation of the Egbésanlu basin due tplume induced continental rift.

2.33 Ensimatic Models

Ensimatic models of etion had also beeproposed to explain the evolution of some of the
schist belts (Oegzi, 1977; McCurry and Wright, 1977; Hat al, 1978; Utke, 1987; Danbatta,
1991; Elueze, 1992). For the Anka, -lflesha and Zuru belts, earlier works suggested that
oceanic basins closed to form some of the schist belts, invoking the formation ofahbagk

arc basins floored by oceanic materials that accepted sediments. The closure of these basins led
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to the deformation and metamorphism of the sediments and reactivation of older metasediments.
Holt (1982) observed that the Anka metavolcanics h#emacal characteristics of both island

arcs and continental environment. He concluded that the schist belts were deposited-ara retro
basin related to the subduction processes along the nafrgie West AfricanCraton. Thes

schist belts possibly repsent additional microcontinents separated from aepisting one
(Turner, 1983; Utke1987;Wright and Ogezi, 1977; Holt, 1982The Anka fault system in Zuru

belt and Ifewara fault system have ensimatic affinitigsis the Anka and Zuru belts are

consdered as a pair of belts that evolved through ensimatic processes.

2.3.4 Ensialic and Ensimatic Models

Danbatta (2008) proposed a new evolutionary model for the Nigerian Schist Belts suggesting
that the belts evolved from both salic and ensimatic prosses inview of common
characteristissuch as the presence of BIFs and close proximity to KZI fault zone. He considered
the Wonaka, Kazaure, Zungeru, Birnin Gwari, Malumfashi, Igabbalokoja schist belts as

a group of eastern older belts. Thage assumed to have been formed by similar ensialic
processes in Eburnean times with some deviations in general evolutionary trend.

The new model has also shovlry implication thatall the schist belts associated with the AYI
fault zone including the Anka, ZuriMaru, Kushaka, Iseyin and Héesha belts are Paffrican

in age and were generated by ensimatic means. He also considered-beaiif eastern sis

belts to be older than theesatern schist belts vere BIFs are absent. On this basis and
considenng the concordant models of evolution earlier proposed for the different belts, the
poorly known Wonaka belt is also likely to contain BIFs, as it could have truly formed through
ensialic regimes. This new model rejects the previous wholly ensialic anty WaorAfrican

models. Herein D is ascribed to Eburnean compression ardt@®oceanic subduction at 600
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Ma. This last deformation is responsible for the pervasiveA?acan regional structures, nua
folding, thrust faults and appes obsrved in this egion (Caby, 1989Affaton et al, 1980;

Fitcheset al, 1985; Caby and Boesses 2001).

24 STRUCTURAL FRAME WORK OF THE BASEMENT COMPLEX OF NIGERIA

2.4.1 Faults and Shear Hnes

A characteristic feature of th&ligerian BasementComplex tectonics is the widpread
occurrence of fracturess general term used to describe a break or rupture in a rock. It is
indicated by such lineaments as silicified shear rocks and zones, which form as dykes and ridges,
also straight channeled streams which exploit the wea&szohthe earth. However, a fracture
becomes a fault when lithologies and other linear fractures are displdeeg@rincipalfracture
directions in the basement complexes at8,NNNESSW, NESW, NNW-SSE and NWSE and

to a lesser extent, in the\® (Oluyide, 1988§.

The NS fractures easily identified as prominent scarp surfaces and depressions, appear to have
controlled the major M6 following stream®.g.the lower Niger and are also found around the

Jos plateau. They are traceable as far north asuhegtarea othe Niger republic (Ball, 1980

These fractures are also marked by considerable shearing and brecciation, faatbreable to

brittle deformation. Other structural trends include the W and NWSE conjugate ones being
characterized by dextral sense of movement. The fault has been interpreted to result from
transcurrent movements. The Benue and Niger troughs are aligned parallel to the conjugate sets,
as are several other comparable sets on either side of the troughs. TI&SMN&nd MW-SSE

conjugate sets are also well developed on the basement conaple?.1.
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Wright and McCurry 1970 discussed major & trending faults in Nigeria. These faults are
strike-slip faults which he considered connected to iigation of fractures in he ®uth
Atlantic. Presentdndsat studies also revedthe existence of these lineaments west of Kaduna
and Zaria. These are Yelwa and Kalangai (Truswell and A&&3) shear faultsvhose traces
possibly passes beyorthtsinaand Kano and are suspectidcontinue undesedimens into

Niger Republic (Danbatta, 1999

Danbatta (2003 showed that the Kalangai fault (K.Z.k)eaments pasthrough the Kazaure
Schist Belt (KZSB) in a general NEW to NNESSW, the direction along which the belt was
emplacedHe showed that the major NBV KFZ is parallel to a number of other faults showing

a similar dextral displacement, which together famimportant sebf faults hroughout the
whole of Nigeria.

Two main trends have been captured throughdsafTM studyby Gokiet al (2011b) andthese
include NWSE lineaments and a second pair of 4SB/ and NNESSW trends, which appear to

be abundant but spatially discontinuous and shorter. These trends coincide with deep
aeromagnetic trends, which have been attributednt extension of Atlantic fracturerze that
extends into Ngerian Basementd@nplex (Olaselindet al, 1990). The arth westerly trends are

not apparent in the aeromagnetic trends, even though they are very pronounced in th€Nandsat
study. These mayebsuprecrustal signatures and are not related to deep seated aeromagnetic
trends & Ball (1980). In the Nigerian dsement, the major trend of lineaments isSW and
NW-SE. Butthe NS and EW directions are dominant and greater in continuity. According t
Udoh (1988), the fractures which traverse the country around Yelwa, Zungeru, Bauchi and Yola

constitute the most prominent of the NE sets.

2.4.2 Folds and Poliations
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In the migmatitegneiss complex, the dominant foliation defined by alternating darKigind
gneissic bandsn the migmatite gneiss complexes, trend in a nsaith direction with
variations between NVBE and NESW. East West foliation have also been recorded locally,
especially in the migmatite rocks around Kishi, north of Shaki (AycE#4), the Kabba region
(Hockeyet al, 198) and south oMinna. These are most probably the earliest folded structures
which are now preserved as relicts, especially in the migmatites. Mullan (1978 miabrity

opinion that the BV structures arerpbably PapAfrican.

Multiple phase folding have also been recognized in the metasedimentary rocks around Okene
(Hockeyet al, 1986, Anka region (Ogezi, 197 Egbuniwe, 1982) and Zuru region (Danbatta,
1991). On a regional scale, at least four foldpitases superposed on each other have been
established especially in the more ductile metasedimentary formations grBbléhe earliest

folds were first seen in small scale structures from Birnin Gwari, Zungeru @east, 1978;
Ajibade, 1980 and Abya. The folds are tight to isoclinal with steep to vertical hinges and

exhibiting widely varying wavelengths (Table 2.1).

Table 2.1 Deformation and structural histories estaldidlior the schist s in the northwestern
Nigeria (Danbatta, 2008).
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Belt/Source | Kazaure Belt Malumfashi Anka Belt SW of Zuru Belt Kushaka Birnin Gwari Maru Belt
of (Danbatta, Belt (McCury, | (Holt,1982) (Danbatta,1991) Belt (Ajibade,1980) (Egbuniwe,
Information 2002) 1973) (Grant,1978) 1982)
Deformation
events
D4 Rare and Steeply dipping Steeply dipping
relict minor folds and kinks with E-W
folds.Local kinks.Axial strike
development planes strike N-
of strain-slip S/E-W.
cleavage
D3 Open folds with Open folds Open folds NE- Open to tight
smooth profiles with NNE- SW axial dip and Chevron folds
and sleep NNE- SSW axial rounded or and tight to
SSW axial planes planes.Axes angular crest. isoclinal folds
dip plunge north
and south.

D2 Upright Tight to Steeply Tight to isoclinals Tight to Co-plnar with Open to
isoclinals isoclinals Dy dipping, E- folds with isoclinals D1.0Opento isoclinals
folds with fold with N-S w striking moderate plunging | disharmornic isoclinals large folds.Steeply

NNE-SSW axial planes bands. axes, N-5 folds with scale folds of dipping N-8
axial planes. strike.Cleavages cleavages steep S,schistocity. striking
Cleavages developed developed. axes.Axial Axial planes cleavage.
developed planes strike strike NE-SW,
N-S

DI Relict Early ENE- Open to Rare and Rare minor Folding of cover | Relicts flatlying
recumbent WSW foliation isoclinals obliterated minor | folds with E- | rocks on NE-SW folds with N-S
isoclinals mated to Dg upright folds with W axial trending axial axes and S,

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

25 METAMORPHISM WITHIN THE NIGERIAN BASEMENT COMPLEX

The Nigerian Basement Complex generally experienced regional metamorgiusnocal

thermal metamorphism occurred as a result of plutonic intrusion within some sifhise kelts

resulting in the formation of contact aureoles. Metamorphism reached the greenschist to middle

amphibolite facie in the younger metasediments ang@pamphibolite facgeconditions in the

crystalline rocks (McCurry, 1976; OgeZi977; Ajibade 1971 Egbuniwe, 1982). A bimodal
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distribution of metamorphic fageexist between the greenschist to middle belt metamorphic
facies of metasediments on one liaand upper amphibolite fasief the 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). The metamorphic assemblage seems to indicate a low presswsiffisitae to

Pyrenean and Buchan tygdiétanen 1976; Miyashirg 1961).

Grade of metamorphism varies from one place to another. In Zungeru area foregx@jibpde
et.al (1987) reognized a bBrovian type of metamorphism with metamorphic grade ranging from
greenschist facgeto almandineamphibolitefacies (staurolitealmadinemuscovite sufacies).
There are also some indications of two periods of syntectonic metamorphism separchted

followed by periods of static metamorphism (McCurry, 197anbatta20033).

The study of microscopic domains of rocks within the Kazaure aredled Danbatta (2083
enabledthe identification of two generations of progressive metamorphism, M1 @dnd a

static one M3. The mineral assemblages showed evidence of being either syn or post D1 and syn
or post D2 and the earliest metamorphic event reachest lamphibolite facies condition while

the second metamorphic event which is the main metamomplent reached a low grade

greenschist facie grade of metamorphism

Retrograde mamorphism occurreéh shearedractured zones, witlthloritization of biotite,
sericitization of feldspar and conversion of hornbkemal biotite as a result of reduction in
temper&ure and pressure (Ajibade, 19&gbuniwe, 1982Garba, 1992). Texturally, muscovite

(or sericite) probably of regional metamorphism are lath like and aligned in the schistocity, while

the larger ones are tabular and overgrew the schistocitygdoointact metamorphism. Thermal
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metamorphism is recognized in the Anka and Maru Belts wieishlts from the emplacement of
Older Ganites. This has formexnarrow contact aureoln the Maru area, mineral assemblages

of quartz, muscovite, biotite, chide, opaque nmerals (magnetite and pyrite) the pelitic, semi

pelitic schist and psamites are indications of greenschist metamorphism (Egbuniwe, 1982). In the
staurolitegarnet biotite bearing pellites, the presence of staurolite suggest lower amehiboli
facies conditions (Winkle, 1974), while the first appearance of biotite and almadine garnet are

respectively indications of middigpper greenschist fagenetamorphism (Miyashiro, 1973).

CHAPTER THREE

MATERIALS AND METHOD S
3.1DESK STUDY
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Desk studyinvolves reviewing reports(both published and unpublisheaid journal articleso

obtain relevant iformation about the study area.

3.2 FIELD WORK

The field work exercise lasted for three weeks and a total of 30 fresh sampleolesrtedat
different locations within thestudy area for laboratory analysis. The orientations (strikes and
dips) of structurbelements were measured usiogmpass clinometer. Sampling sites were
recorded using a global positioning system (G.P.S). Photograph#garbps were taken and a

brief description was made.

3.2REMOTE SENSING ANALYSIS

This was ged in thestudy of the structural elements within the study area ngroduce a
lineament map of the study area. Remote sensing analysis was carried osit tgwimloading

the digital elevation model (M) of the area using Global &pper software V16.2. The image
was then exported into AGis to extract the lineaments. The lineaments generated were furthe

processed and analysed usiracRwvare software to pduce the rose diagram.

3.4LABORATORY WORK
Laboratory workcarried out for this study ingtle: Petrographystrain analysis, stereographic

projections and rose diagram preparations.

3.4.1 Petrography
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A total of twenty (20 fresh samples were selectexn thin section preparation Department of
Geology Ahmadu Bello University. These rocks were sliced both perpendig@ad parallel to

the foliation plane.

A thin slice of rock wasut with the aid of a diamond saw and trimmed to fit into asglas
microscope slide. The slice wagtued to the stie with epoxy glue. The slide wasounted in a
holder and ground on a diamong lantil it is translucent. It waband finished with 600 grit
silicon carbide on a glasspaWhen a thickness of 0.03mm was reachkd section wathen
complete and ready for examination under the microschpe prepared slides were examined

under the petrological microscopeidientify the mineralspresent.

3.4.2Strain A nalysis

The Fry (1979) method was employed to accomplish tdsk. This technique is based on the
asumption that initially anttlustered distribution of points will change after deformation into a
nontuniform distribution. Based on this method, the centre of the entire quartz grains screen were
digitized onsekcted micrographs of theugrtzites, using Geofry package which created a
vacancy called the Fry hallow of ellipsoid shapes gitirgglong and short axe$he orientation

of the ellipses also gave the orientation of the strain ellipse. the finite sthi@soid that is
almost circular shows low degree of grain deformation, while the flattened type shows a greater
degree of grain deformatiorhe analytical procedures adopted hasrbéiscussed in detail in the

work of Gokiet al, (201H).

3.4.3Rose dagrams and Sereographic projections
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Structural analysis of rocks is often done using orientation diagrams such as rosette and
stereographic projections. These tools have invaluable application in geology and could unravel

the history of deformation ireseral geological settings.

Stereographicnojections were producadslith stereoplotsoftware using th&alues obtained from
measuements of dips and strike of structuveishin the area so as to have a general knowledge
on the orientation of structur@lements. Rse diagrams were also produced using GeoRose

software to have an idea on the orientation of structural elements within the area

CHAPTER FOUR

RESULTS AND DISCUSSIONS
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4.1 BACKGROUND
Field observations, petrographic descriptions, lneat analysis and structural analysis of rocks

within the study area are discussed in this chapter.

The study area falls within the Zuru Schist Belt and comprises of the following major rock types;
guartzites, muscovite schists and medium grained grasitgeh as minor rocks such as quartz
veins and pegmatites (F&§1). A cross section showing the relationships between the mapped
lithologies was also drawn and presented in @&if). The field relationships and thin section

microscopic description of thmajor rock types are given below.

Both ductile and brittle deformational structures were mapped in the study area. They include
joints, folds, foliations anfhultsand the deformational episodes responsible for their formations

were analysed.

The rocks 6 the gudy area aredeformed From field studies, it can be inferred that the
muscovite schist and quartzites have been affected by two episode of deformation denated as D
and 2. The symbols used for the structural descriptions are D for deformationfdfds and S

for foliations. The relative ages of events are designated by subscript numbers. These

deformational episodes are characterized by varieties, magnitude and styles of folding.

4.2 GEOLOGY AND FIELD RELATIONSHIPS

4.2.1 Quartzites
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Quartzites occur mostly as hillePlate I)with fragmentsof the rockon the groundn thevicinity

of the hill within the study are@Plate 1). It constitutes about 60% of the rock types within the
study area. Two differentarieties ofquartzite varieties are stinguished based on textural and
compositional elationships. These arg a grey variety that contains a considerable amount of
micaceous minerals occurring in areas arokpanawa and Ulasa Sarki (Plate Ill) anda
brownish white variety which igoor in micaceus minerals occurringround northwestern parts

of Isgogo areandextending to areas arouéndu, Kebu, Dago (Plat¥/).

In other parts of the study area, quartzites occur intercalated with schists and were highly
fractured displaying dierent styles of joints, while in other localities, quartzites are highly
folded forming very large istioal folds. No clear contact between the quartzite and other rock

typeswas recorded.

In hand specimenit is massive, medium grained and showingrlotking crystals of quartz
grains. Mineralogically it is composed dominantly of quartz andbmaecurrence of muscovite
In thin sectionplane polarized light view, quar@ppearscolorless, anhedral and completely
lacking cleavage with a low to mediurelief (Plate \A). In cross polarized light view, quartz
shows a gray to white and sometimes to light yellowish wihmterference colourlt is
granoblastic with seriate grain boundaritate \B). Most of thequartzgrainsexhibit undulose
extinctionand mylonitic textureis also commorin some place Muscovite occurs as elongate
minerals with low relief and has a second order interference colour of red andRjeteriviA

and VIB).
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Plate I: Outcrop of quartzite occurring as a hill at Kokanawa4215.9"N and $10' 0.1"E

—— o - _— - £ S s )

Plate Il: Photograph of broken fragmentsjuartzite 1139' 4.0"N and %07' 12.4"E
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Plate IV Outcrop of brownish white quartzite at Isgogd 34' 10.6"N and %08' 5.6"E
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Plate V:A) Photomicrograph of quartzite under R.Bompletely composed of quartz; Bhotomicrograph of
quartzite under X.P.L with seriate grain boundaries (Slide AL1).
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Y Q{lartz
Muscovite

Plate VI A) Photomicrograp of quartzite under P.P.B) Photomicrograph of quartzite under X.P
Showing lineated muscovite minerals (Slide AL12).

4.2.2 Muscovite schist
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Muscovite schist occurs as low lying outcrops arounger channebndroad cutexposuregPlate

VII). It constitutes about 2percent of thestudy area. It outcrops mostly in the northwestern
parts of the study area aral (Gollo, Masama) and southwestern past the areaaround
Matseri. In areas around Matsemuscovite schisbccurwith intercalationof quartz stringers
(Plate VIII), the rock is fractured and cleaved with cleavage direction mostly in thRBWE
direction.

In hand specimen the muscovite stlmas a silky shinny appearance due to the abundance and
the reflective ability of muscovite mica. The shiny flakes of mica were conspicuous enough to
allow megascopic determination. It is generally medgrained and dark gray in coldn plane
polarizedlight, quartz is colourless, has a low relief and not pleochroic while muscovite display
colourless tgpale green hue, weak pleochroism, low to medium relef has cleavage in one
direction(PlatelX). In crosspolarized light, quartz showew interfelence colour of first order

grey and undergoes undulose extinction while muscovite undergoes parallel ex{ipletioX).

PlateVIl: Photograph of Muscovite schist occurring along a river channel at river Mds8m2!
5.8'N and5’ 5' 21.3E
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PlateVI1l: Photograph of Muscovitekist showing quartz stringeas Matseri 1132' 13.2"N
ands’ 05' 2.4'E

Plate IX Photomicrograph ahuscoviteschist in pane polarized light (Slide AL5).
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PlateX: Photomicrograph adchig in cross polarized light (Slide ALS).

4.2.3Medium - coarse grained granite

This rock is light grey in colour and covers about 15% of the study aremost placest
outcrops as whalebacks and dome and caveasly the entire eastern parts (North of Kumahhe
and South of Maga)Plate Xll) of the study areaPhenocryst ofeldspar minerals othis rock
range in thickness from about 1.0cm to 1.5cm. Tdwk contains a lot of quartdelspathic

pegmatite and veinaf different thicknesses and orientations @ and XI).

In plane polarized lightquatz is colourless with low relief and fanhedral form. Microcline
show medium reliefs with two dimesional crossutting cleavages. Perthite and sericite also
showa perfectcleavage and hamoderaterelief (Plate XV). In cross polarized light (X.P.L),
microcline showa tartan twinning pattern and a gray to white interferenceucatuscovite

showa green interference colour, quatz undergo undulose extinctionaltieilation of perthitéo

sericiteis also visiblgPlate XV)
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PlateX!l: Quartz veins on a medium grained granite out&BB9' 21.6"N and $13' 39.1"E
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PlateXI11: Whaleback outcrop of medium grained graait21° 35' 2.6"N and $19' 44.9"E

Plate XIV: Photomicrograph of medium to coarse graineahige in plane polarized ligh
(Slide AL26).
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Plate XV: Photomicrograph of medium to coarse grained granite in cross polarizedshigiving
perthite altering to sericite (Slide AL26).
4.2.4Minor Rocks
Minor rocks constitute about 6% of the study area and includes; quartz veins, xenoliths and
guartzefeldspathic pegmatitelykes Quartz veins occur only on the granites and vaiaely
distributed. They arglassy and vy widely in length andvidth. The average length of quartz
vein recorded is about 25 (Rlate XVI) and average width is 2.5cm (Plat¥1). Measurements
of orientation (strike and dip) of the veins showed that they trend in aSWHlirection.
Quartzoefeldspathic pegmatitdyke shows large crystals of quartz and orthoclase feldspars. The

pegmatite range iwidth from 30 cm to 50 cm intruding concordantly into the granites.
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PlateXVIl: Photograph o& quartz v
43 LINEAMENT ANALYSIS

ein with length of abou2m11° 34' 2.3N and05° 20' 00'E
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4.3.1 Extraction and Digitization

Extraction of lineaentswas carried out manuall§ig.42). Lineaments were imported into the
Arc GIS software and manual digitization of lineaments was carried @enerate a lineament
map (Fig 43). Lineaments digitization was done using DEM due tohigh resolutionand
ability to displayonly lineaments ofjeological origin. Digitization of lineaments was carried out
following change in tone on the digital elevation model. Aftex digitization of lineaments,
statistical analysis of lineament properties in termgsoliength, density and relative abunda

and orientation was carried out.

5°0'0"E 5°5'0"E 5°10'0"E 5°15'0"E 5°20'0"E
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11°35'0"N A F11°35'0"N
Legend
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Figure 42: Lineament extraction from ArcGIlshowingDankolineaments

4.3.2 Lineament Qrientation
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Analysis of lineaments was carried out dméaments were group infour clases (EW, NW-

SE, NESW, NS). A total of 211 lineaments were digitized a&d (3.791%) haveE-W

orientation,120 (56.8%0) haveNW-SE orientation47(22.2%6) haveNE-SW orientation an36

(17.08%) of this lneaments have N-S orientation(Table 4.). Using a rose diagram, a

dominant NWSEdirection forthelineaments was observed (Fighy.
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Figure4.3: Lineament map of the study area showing a nagatral transcurrent fault.

Table 4.1 Lineament orientation properties
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S/N EW NW-SE NESW N-S

1 Numbe 8 120 47 36

2 Percentagg 3.791% 56.8%0 22.27% 17.068%

75

W 270 9 E

105

120

195 180 165

S

Figure 4.4 Rose diagram ddirection for lineaments the study area

4.3.3 Lineament Length
Digitized lineaments hava maximum length of 21.07 km, a minimum length of 0.37 km, and a
mean length of 3.816 kmlLineament length was divided to five classes. Out of the 211

digitized lineaments, 78 (36.96%) were very short, 97 (45.97%) was short, 30 (141248%)

moderate, 5 (24%) weteng and 1 (0.5%)vas very long (Table 4)2Histogram fodineaments

length display positively skewness (Hicp).
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Table4.2 Lineament Length

S/IN Very Short Short Moderate | long Very
Long
1 Number 78 97 30 5 1
2 Percentage| 36.96% 45.97% 14.2% 2.4% 0.5%
Histogram of Length2
Normal
50 4 - Mean 3.816
StDev 3.314
] N 211
40 -
>
©' 30 —
g N
o ]
T 20 4 / — |
10
O T II_ T _HT T T — —
-4 0 4 8 12 16
Length

Figure 4.5 Histogram of Frequency against lengtHioeaments

4.3.4 Lineament Density

Lineament densityrovidesus information on the degree of shearing within the study area.
Areas with high lineament density must have experience a high degree of shearing than areas of
low lineament density. Lineamedensity for the study area ranges from 0 to 2.85 lineaments per
unit area. Areas witlvery low lineament density are located in the eastern, south western and
northern part accounting for 51.28% the study area. Areas wilbw lineament density are

locaed in the central and northern part of the study area accounting for 38.197%.witleas
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moderate lineament density are located in the northern, central and southern part of the study
area and account for 9.7% of the study area. Angtlisvery high lineanent density are located
in the northern, central and south eastern part of the study area and account for 0.87% of the

study aredFigure 4.6)
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Figure 4.6 Lineament density map tfie study area
4.3.5 Lineament Intersection Density
Lineament intersémn density ranges from 0 to 3.144 intersections per unit area. Lineament

intersection density was classified into 3 clasde®, moderate and high. Areas witbw
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lineament intersection density dominate the study area and accountlifé¥®8f the studwrea.
Areas withmoderate intersection density are located in the northernatamia soutvestern
part of the study area and account fo84%6 of the study area. Areas witligh lineament
intersection density are located in the northern, central arttiesaupart of the study area and

account for 0.179% of the study a gagure4.7).
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Figure 47: Lineament intersection density mafpthe study area
4.3.6 Lineament Mean Length
Lineament mean length for the study area ranges from 0.187 km to 10.5ihéameént mean

length was classified into five classes. Areas of very short lineament length dominate the study
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area and account for 61.7% of the study area. Areas of short lineaments acc@4® and
occur in the northeastern, south and saetitern prt of the study area. Areas of moderate
lineament length account for 3.683% of the study area and occur in the nortth paritof the

study area. Areaf very long lineament lengtis locatedthe north central, north and southern
part of the study areand accourstfor 0.638% of the study area. Areath extensive lineament
lengthis locatedin the north central part of the study area and account for 0.177% of the study

area(Figure 4.8)
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Figure 48: Lineament mean length maptbe study area
4.37 Lineament Relative Abundance

The relative abundance of lineaments was used to show the distribution of different lineament

specie within the study area.
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4.3.7.1East West Lineament Relative AbundanceThe EastWesttrendinglineaments are the

least occuing lineaments within the study area. Relative abundahtteese lineaments ranging

from 07 1.5 lineaments per unit area. Areas wilv lineament analysis are spread throughout

the study area and constitute.®P% of the study area. Areas witihoderatdineament relative
abundance are located in north, central and south western part of the study area and constitute
0.5% of the study area. Areas wiilgh EW relative abundance are locatedhe north, central

and soutlvestern part of the study area amhstitute 0.127% of the study agagure 4.9)
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Figure 49: East West lineament relative abundance noéthe study area.
4.3.7.2 Northwesti Southeast Relative Abundance: These lineaments have a relative

abundance ranging from@191 Ineaments per unit area. Areas withv NW-SE lineaments
are spread throughout the studgaand constitute 97.1% oktlstudy area. Areas withoderate
NW-SE lineament relative abundance are located in the northern and southern part of the study
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area and constitute 832% of the study area. Areas witlw NW-SE lineament abundance are

locatedin thenorthern and southern part of the study area and constitute 1.23% of the study area

(Figure 4.10)
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Figure 410: Northwesti Southeast relative abundance maghefstudy area

4.3.7.3Northeasti Southwest Relative Lineament AbundanceNE-SW lineanent abundance
ranges from €L.092 lineaments per unitem. Areas withow NE-SW abundance are spread out
throughout the study area and constitut&%of the study area. Areas wittibderate lineament

analysis are located in the tioithrough the centrab southwestern part of the study area and
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consist of 1.34%f the study area. Areas witbw NE-SW lineament abundance are located in
the nath to the central to the sowhstern part of the study area and constitute 1.0257% of the

study aredFigure 4.1).
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Figure 4.1.: Northeast Southwest relative lineament abundance obgtudy area

4.3.7.4North T South Relative Lineament Aundance: N-S lineaments for the study areas
have a relative abundance from 0 to 2.168dments per unit area. Areas witdw N-S
lineament abundance dominatke study area and account for 91.043®the study area. Areas

with moderate NS lineament abundance account for 8.17% of the study area and are spread

throughout the study area. Areas witlgh N-S lineament abundanceauntfor 0.7% of the
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study area andcaur in the northern, northest,east and southern part of the study gifégure

4.12)
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Figure 4.2: North - South relative lineament abundance maghefstudy area

4.3.8 Statistical relationship between mean legth and Azimuth

Relationship between mean length and azimuth was compared using Tables and diagrams. Mean
length for lineamenorientation NS, NWASE, NESW and EW was used for this analysi.

was observed that the \W-SE lineaments are the most abundb6.8®6) while the short
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lineament specie is the most abund@®.9%). Furthermore, thE-W lineaments are the least

abundan{3.79%),the extensive lieaments are the least abund@7%) (Table 4.3)

Table 4.3: Man length and azimuth correlationlioeaments within the study area

E-W NW-SE | NE-SW | N-S Sum | Percentage
Very Short 5 11 10 52 78 36.9%
Short 2 11 9 75 97 45.9%
Long 1 3 2 24 30 14.2%
Very Long 0 0 0 5 5 2.3%
Extensive 0 0 0 1 1 0.47%
Sum 8 25 21 157 211
Percentage (%) 3.791% | 56.87% | 22.2P% | 17.06%
Dendrogram
Single Linkage, Correlation Coefficient Distance
94.60
> 96.40 1
E
E
(2}
98.20
100.00 ! !
N-S NW-SE NE-SW E-W
Variables

Figure 4.8: Dendogranfor single linkage, correlation coefficient distance

The dendrograrshows the similarity between all the variablesSNNW-SE, NESW and EW)
lineaments in terms of correlatiom terms ofsimilarity, we observe in thedendrogranthat the
NW-SE and NESW lineaments are most correlating with similarity value close to 100. This

lineaments are more correlating to theSNineaments specie than the\Elineamemts whiclis
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the list correlatindFig. 4.13). Close corelation in dendsgram between the NY8E and NESW
lineaments suggest these lineaments species are conjugate pair, with one being dextral and the
other snistral This agrees witlBall (1980) who had earlier notéldat a major conjugate system

of strike slp faults affects the Tuareq and Nigerian shield with both fault directions having a
consistent trend and sense of displacement; &WErending system having a dextral sense of

movement and a NYBE trending system a sinistral sense.

4 4STRUCTURAL ANALYSI S
4.4.1 Folds

Large scale and small scale folts/e been recorded in the study afdee large scale foldare
commonon the quartzite which is the most structurally complex rock unit. Majoritthesge
folds occur around Kokanawahere large antiforms dnsynbrms wererecorded(PlatesXVIII
and X X). Also, there a buckled folds showing a continuous range offamtis and synforms
(Plate XX) with close wavelength intervals within thetudy area. Oe prominent antiform
(Kokanawa atiform) about200 m nothwest of Kokanawa hamn amplitude of about 10 mith
a NE-SW trend fold axis. About 80 m east of thiantiform a very largesynform was also

observed with a NESW trendaxial plane.

In Teme exactly NW of this settlemenanother largescalefold was olserved with its outcrop
pattern suggesting an antiform and hasfilel axis in a NESW direction. Folds on the
muscowte schist occur mostly as mesopicfolds (Plate XXI). Large scale fold on this rock
type was observeanly in one location, about 500 ME of Gollo settlementwith its fold

patternsuggesting an antiform arldefold axis tending NESW direction
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The orientations of these lféls were measured arlotted stereographicallin (Figure 4.14)
which shows thathe trend and plungélable 4.4 andaxis of the folds concentrate in the NE
axis of the stereoplot arapproximateaxial surface to be NNISSW. The foldhiavemoderate to

steep plunge as revealed by the stereoplots of its attitbidgese 4.14)

Plate XMII: Photograph ofn antifornal (isoclinal)fold at Kokanawa 1’ 42 5.9"N and5° 10'
0.1"E, Note the person standing at the crest of the fold.
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Plate X X:

Plate XX: Photograph of a bucklddld a Kokanawal1’ 42' 30.2N and5° 09' 25'E




Plate XX1: Photograph of an assymetricaésofold on a muscovite schist roek Kele 11°
33'10.5N and5’ 07' 17.4E

(020)

Figure4.14:Lower hemisphere equal arerojection of fold axis showing concentrations ia th

Nif01d AR roxdmaig-rxiaLsiddaea dfigsor fold axis
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S/N TREND (degrees) PLUNGE (degrees)
1 010 004
2 008 006
3 010 022
4 016 008
3 017 014
6 022 034
7 020 009
8 038 016

4.4.2 Schistosity and Crenulation cleavage

Schistosity isthe dominanfoliation patern that occurred on the muscovite schisthe study
area. Schistosity foliationon this rockis defined by the allignment of micaceous minerals
(muscovites), giving the rocks a silky shiystre.Muscovite shisbutcropalong river channels
and road ats (Plate XXlIl). Schistosity was observad areas arround Masama, Gollo and

Matseri.

Crenulation cleavage in tlstudyarea is very distinct in that it cuts the host rock that possesses a
pre-existing continous cleavage (schstg) into microfolds (Pate XXI1) the foliation is
typically a zonal crenulation cleavage because the cleavage domains coincides with tight limbs
of microfolds in the prexisting cotinous cleavage (schistosity).réulation cleavege was

recordecabout 300 m east of governmeetonday school, Barkin Tudu Matseri.
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A totd of 21 measurements of strikes, dips and dip directadrfsliation surfaces were taken
during the field work. The raw data of the foliation sogfs measured @esentedn (Tablet.5).

The prelominant foliation isschistosity which occsron the muscovite schists. The foliation
surfaces hee low to high dips between (1@ 82) predominantly to theoutteast These data
whichwas pl otted -eina ¢grtaemdagans)dsisows(thHatehfoliation panes
have aNE-SW trend (Fig 415A). To get an overall orientation of the foliation, the poles of these
planes wee plotted(Fig 4.15B) using conventional technigs of (Ragan,1973). Thesplots
showthat the poles of the foliation concengdtin tre NW and SE portions of the net (Fig
415B), thus confirming the dominant E-SW trends. In order todeterminethe specific
orientation of the foliations, cummulative rose diagrams for the entire locations wiach
measurements were takerheliose diagrams defne the dominant direction fer fioliations to

be NE-SW (Fig.4.16) Bar charts were also plotted to show the highest frequency intervals of

foliations within the study area (Fig.4.17)

Tabe 4.5: Strike, Dip and Dip ectionof Foliations within the study ase

SIN STRIKE DIP DIP SIN STRIKE DIP DIP
(Degrees) (Degrees) DIRECTION (Degrees) (Degrees) DIRECTION

1 010 82 SE 12 064 48 SE
2 016 72 SE 13 056 40 SE
3 052 76 SE 14 068 28 SE
4 054 72 SE 15 046 38 SE
5 032 30 SE 16 248 20 NW
6 016 84 SE 17 234 22 NW
7 024 44 SE 18 226 12 NW
8 186 44 NW 19 052 68 SE
9 262 32 NW 20 028 62 SE
10 240 78 NW 21 008 48 SE
11 212 60 NW
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A B
Figure4.15: (A) Equal ared lower hemisphere stereographic projection of poles to foliatiol
(B) density sere(Schm' lower hemisphere projection) for 21 points sho
concentration jp ‘ $(NESW) trends. Contours-2-6-8-10-12% per %area

maximum
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Figure 4.16 Cumulative rose diagram of foliation planes shayimwo main stratural

trends (N08-03C°E and N038-06°E)
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Figure 4.17 Bar chart of foliations of muscovite schist within the study area.

61



Table 4.6: Frequency distribution of Foliations, Strike amount am@@ions

Class interval Frequency Width

1-15 -
16-30 -
31-45 -
46-60 -
61-75 -
76-90

91-105

1
106120 3
121-135 4
7
6
1

©CoO~NOO Ol A WNDN P

136-150
151-165
166-180

4.4.3 Joints

All the rocks within the study area are jointed. The joint patie the mapped area suggest that

the studyarea suffered cataclastic deformation. Joint is most common in the quartzite compared
to the other rock typegprobably due tahe high conpetent nature of the quartzit@ifferent joint

styles have beerecorde during the fieldmappingexercise This include; coss joints ad
verticaljoints (Plates XX1V; XXV and XXVI). The dominant joint styldisplayed iross joints,

which occurred majorlpn the quartzite

A total of three hundred and eighty tw882) joints were recordedh the area. dint analysis
was undertakemvhile all the measured joint planes were plotted on rose diagriinesjonts

were oriented in the-8/, NW-SE, NEESW and NS directions Rose diagrams were also plotted
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for the individual rocksthe granite Bs a dominant NNESSW trend (Fig 4.18), the quartzite
have NESW and NWSE trends (Fig 4.19),while the schisthas NNE-SSW andNNW-SSE
trencs (Fig 4.20) Class interval, frequaency and width tables of joints were prepared (Tables
4.10, 4.11 ad 4.12) while Bar charts wepgotted whichshowed the frequency intervals with the

dominant occurrence of joints (Figures 4.21, 4a2@i4.23).

The joint set includes systematic joints with average distancesait 10 to 78 cm. The
nonsystematic jointeave inconsistent average perpendicular spacing. In general, the surfaces of

joints appear irregular and haphzard.

The common intersection geometry of the joints includegdmetries were the individual
joint trace mets at right angleand Xintersecion geometeries kere the individual joint sets

meets at acute angles. Tip geometries include graduald branch out and y tips.

Plate XXV ‘Cross Jomts on muscowte schist outcmp’jolb W|th T- geometrﬂlO 42 5 8 N
and 08 05' 21.3E
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Plate XXV: Cross joints on a quartzite outcrafkokanawa with Xgeometryl1° 42' 34.6N
and05’ 09' 29.9E

Plate XXV : Vertical (parallg) joints on quartziteutcrop atL1’ 39' 12.2N and05’ 07" 10'E
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