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Abstract 

The mapped area occupies part of Sheet 149 Bauchi NE within latitudes 
I 0°25'00"N and I 0°28'00"N and longitudes 9°49'00"E and 9°50'00"E in Bauchi 
and part of Ganjuwa local Government Area of Bauchi State. Outcrops in the area 
ranged from high to medium to low levels and the rock types classified in the area 
are the intrusive granite and the metamorphic granite-gneiss and migmatites which 
is classified based on petrographic and gcochcmical properties. The methods used 
include sampling and th<! samples wen; taken for petrographic and geochemical 
analysis. Petrographic results show that the dominant minerals were mostly Quartz, 
Plagioclase Feldspars and Orthoclase. This indicates that the rocks were original 
granites mostly monzogranites and quartz rich granitoids on the QAP plot. The 
geochemical analysis shows that the rocks in the study area are subaluminous
peralkaline and harker ,·ariation diagrams ploth:d shows that the rocks especially 
the granites have possibly come from tho; sa m<:: magmatic chamber. 
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CHAPTER ONE 

1.0 INTRODUCTION 

The study area falls within the Nigerian Basement Complex. The area lies within 

part of Sheet 149 Baud1i NE within latitudes 10°25'00"N and 10°28'00"N and 

longitudes 9°49'00"E and 9°50'00E". The study area comprises of Migmatites as 

the major rock type, the migmatization has been dated at 580± I OOma (Ferre C.E, 

2006). At the end of this study mo re advances and conclusions as to their 

occurrences. field relations, as well as petrographical information of the various 

rocks encountered will be provided. This study focuses on mapping, geochemical 

analysis and petrographic studies of the rocks in the study area and also focuses on 

adding to what is obtainable in the present geology of Nigeria as regards to the 

geology of Bauchi State and the North Eastern Basement at large. 

1.1 Statement of the problem 

The study area is part of the No1th-Eastcrn Basement and also one of the least 

investigated in the geology of Nigeria, Oyawoye, (1964). This work will attempt to 

use surface mapping, geochemical analysis and petrographic studies to classify, 

analyze and provide more information on the mineralogy and origin of the magma 

that formed the rocks in the area. 



I.2 Justification for the study 

Haven known that the study area is one of the least investigated of the North

Eastern basement complex; it gave a need for the area to be investigated so as to 

know more about the rocks in the study area in terms of minerals and to know the 

origin of these rocks as to add to existing information on the North-Eastern 

basement. 

1.3 Location, extent and accessibility 

The study area lies within latitudes I 0°25'00"N and I 0°28'00"N and longitudes 

9°49'00"E and 9°50'00"E. The area was quite accessible and the study area falls 

within sheet 149 NE of Bauchi State. The area is accessible by a major road 

linking Bauchi to Ningi and numerous footpaths to access the remote areas within 

the study area. The highest elevation within this area is the Gubi hill. 

1.4 Aim and objectives 

The aim of the project is to investigate, comprehend and reproduce a systematic 

description of the rocks in the study area using thin sections, hand specimens 

examination and geochemical analysis. This study includes analyzing their 

mineralogy, textures, origin and field occurrences. Generally the objectives of the 

work are as follows: 



i. To produce vital and useful infonnation on the geology of the area around Gubi, 

Bauchi state. This information includes the geology, rock types and to also identify 

and distinguish rock types of the study area using petrography, mode of 

occurrences, color and observable mineralogy of the rock samples. 

ii. To improve and review earlier works done in the area in essence to build on 

existing facts and produce a geological map of the study area. 

iii. This study is also expected to contribute to the understanding on the evolution 

of the Nigerian Basement Complex. 

1.5 Relief and Drainage 

The area has appreciable relief and is characterized by high and low level outcrops. 

Most of the outcrops are conically shaped and have elevations of 591 to 605 meters 

above sea level. The drainage pattern is dendritic (tree like) and the small streams 

in the area are controlled by the outcrops (structurally controlled). The small 

streams empty their water into the Gubi River which forms a dam(Gubi dam) in 

the area. 

1.6 Climate and Vegetation 

The climate of the study area consists of a wet (rainy season) which extends from 

May/June to October with a temperature range of25 to 37 degree Celsius and a dry 
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season which is characterized by the l-larmattan from November/December to 

April/May as with a temperature range of 29 to 45 degree. The vegetation type is 

the Sahel Savannah and comprises or srnttered trees, shrubs and mostly flat lying 

grasses as seen in the field. 

1.7 Settlement and Land use 

The major land use in the area is farming and cattle rearing (grazing). The product 

of weathering of rocks in the area provides fertile soil for farming and the drainage 

systems provides soil moisture. Thes<.: two factors make the area agriculturally 

viable. The settlement here is mostly nucleated with scattered villages. The 

prominent villages in the study area ar<.: the Gubi village, Sabon Kaura and the 

Rudi Yusa villages. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Regional Geology 

Nigeria lies approximately between latitudes 4°N and J S0N and Longitudes 3°E 

and 14°E within the Pan-African mobile bdt in between the West African and 

Congo cratons. The geology or Nigeria is dominated by crystalline and 

sedimentary rocks; both approximately occurring in equal proportions (Woakes et 

al 1987). The crystalline rocks are made up of Precambrian basement complex and 

the Phanerozoic rocks which occur in the eastern region or the country and in the 

north central part of Nigeria. The Precambrian basement rocks in Nigeria consist of 

the migmatite - gneiss - quartzite compkx dated Archean to Early Proterozoic 

(2700-2000 Ma). Other units include the NE-SW trending schist belts mostly 

developed in the western half of the countty and the granitoid plutons of the older 

granite suite dated Late Proterozoic to Early Phanerozoic (750-450Ma).The 

basement complex is one of the three major lithological components that make up 

the geology of Nigeria. 

The Nigerian Basement Complex (Fig. 1) forms a part of the Pan-African mobile 

belt which ties between the West African and Congo Cratons and south of the 

Tuareg Shield Obaje, (2006). It is the Southern elongation of the Morocco and 
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Algeria, Hogger and Aiir of Niger Republic. Fu11her South, the Pan-African 

mobile belt of West Africa is considered to have continued in to the South 

American continent to form the Borborema province of North-Eastern Brazil 

before the separation of the African plate from the South American plate during the 

late Jurassic period (Oyawoyc, 1964 ). 

It is intruded by the Mesozoic calc-alkaline ring complexes (Younger Granites) of 

the Jos Plateau and is unconformably overlain by Cretaceous and younger 

sediments. 

The Nigerian basement was affected by the 600 Ma Pan-African orogeny and it 

occupies the reactivated region whid1 rc·sliltcd from plate collision between the 

passive continental margin of the West African craton and the active Pharusian 

continental margin (Burke and Dewey, 1972 and Dada, 2006). The basement rocks 

are believed to be the results of at least four major orogenic cycles of deformation, 

metamorphism and remobilization corresponding to the Liberian (2,700 Ma), the 

Eburnean (2,000 Ma), the Kibaran (l,100 Ma), and the Pan-African cycles (600 

Ma). The first three cycles were characterized by intensive deformation and 

isoclinal folding accompanied by regional metamorphism, which was further 

followed by extensive migmatization. The Pan-African deformation was 

accompanied by a regional metamorphism, migmatization and extensive 

granitization and gneissi fication which produced syntectonic granites and 



homogeneous gneisses (Abaa, 1983). I.ate tectonic emplacement of granites and 

granodiorites and associated contact metamorphism accompanied the end stages of 

this last deformation. The end of the orogeny was marked by faulting and 

fracturing (Gandu et al., 1986). 

The Basement Complex of Nigeria is made up or four major rock groups; 

i. The Migmatitc - Gneiss complex (MGC) 

11. The Schist Belt (Metasedimentary and Metavolcanic rocks) 

111. The Older Granitl's (Pan-African Granitoids) 

iv. Undeformed Acidic and Basic Dykes. 

WESTERN 
NIGERIA 
BASEMENT 

s E 
I 

'" 

NIGER 

AOAMAWA 
HIGHLAND 

I 200km I 
-2.J:!__ 

Fig I: Basement Geology of Nigeria (Adapted from Obaje, 2006). 



2.t.t Migmatite-Gneiss complex 

The migmatite-gneiss complex also termed by some workers as the migmatite 

gneiss-quartzite complex or the Basement Complex sensu-stricto makes up about 

60% of the surface area of the Nigerian basement Rahaman ( 1988); the earliest, at 

Z500ma, involved initiation or crust forming proct:sscs (e.g. the branded Ibadan grey 

gneiss of mantle origin), and of crustal growth by sedimentation and orogeny; next 

came the Eburnean, 2000 ±200 ma, marked by the Ibadan type granite gneisses; this 

was followed by ages in the range of 4500±900ma which represent the imprint. 

I 
� .. -/ 

Fig 2: The Migmatite- Gneiss Complex (MGN), Older Granite (OG) and Schist Belt 

of Nigeria (Adopted from Wright, 1985). Migmatite-gneiss complex (migmatites, 

gneisses, granite gneisses) 

• Schist belt (Metasedimentary and metavolcanic rocks, phyllites, schist, pelites, 

quartzite, marble, amphibolites). 
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Older granite (Pan-African granitoids, granites, granodiorites, syenites, 

monzonites, gabbro, charnockite. 

Undeforn1ed acid and basic dykes (Muscovites, and syenite dykes; basaltic, 

doleritic and lamprophytic dykes). 

The close analogy in time with th.: dc:v.:\up111..:nt of the 13irrimian of West African 

craton is striking. However, although gold, manganese and iron mineral deposits are 

associated with Birrimian rocks, the same age rocks in Nigeria are very sparsely, if 

at all, mineralized. The extent of Eburnean and older rocks in Nigeria is not known. 

Definite geochemical evidence for the existence of these rocks exists for the area 

south of latitude 9°N Rahaman, ( 1988). l.ithologically. similar rocks in other parts of 

Nigeria, especially in the northeast and southeast, have given only Pan- African ages 

(Turner, 1983). Many areas in northern, eastern and western Nigeria are covered by 

rocks of the migmatite-gneiss complex. These areas include, but not limited to; 

Abuja, Keffi, Akwanga, Bauchi, Kaduna, Funtua, Okenne, Ebge, Ajaokuta (in 

northern Nigeria) Ibadan, Ile-ife, Akure, lkerre (in western Nigeria), and Obudu and 

Oban massif areas (in eastern Nigeria). 

9 



I 2 The Older Granites (Pan African Granitoids) 2 • . 

The term ·'Older Granite" was introdLu.:.:d by Falconcr ( 1911) to distinguish the 

deep-seated, often concordant or semi-concordant granites of the Basement Complex 

from the high-level. highly discordant tin-bearing granites of Northern Nigeria. The 

Older Granites are believed to be pr..:-, syn- and post-tectonic rocks which cut both 

the migmatite-gneiss-quartzite complex and the schist belts. They range widely in 

age (750--450 Ma) and composit ion. The� rcpr..:scnt a varied and long lasting (750-

450 Ma) magmatic cyck associated with the Pan-/\ frican orogeny. The rocks of this 

suite range in composition from tonalitcs and diorites through granodiorites to true 

granites and syenites. Cliarnockites form an important rock group emplaced during 

this per iod . They are generally high level intrusions and anataxis has played an 

important role (Rahaman. 1981 ). The Old,·r Granites suite is notable for its general 

lack of associated mineralization although the thermal effects may play a role in the 

remobilization of mineralizing fluids. The Older Granites are the most obvious 

manifestation of the Pan-/\ frican orogcny and represent significant additions of 

materials (up to 70% in some places) to the crust (Rahaman, 1988). Attempt to 

classify the Older Granites with respect to timing during an orogenic event are valid 

over only short distances. Contact features between members of the Older Granites 

suite suggest the coexistence of several magmas. Compositionally, the granites plot 

10 



. 1 field of calc-alkaline rocks on the AFM diagram and although they contain 
io ne 

. ·ficant amount of alkalis, are also often slightly corundum nonnative. 51gn1 1 

Dada (2006) was of the llpinion that the t.:rm .. Pan African Granitoids" be used for 

the Older Granites not only on the merit of age which was not available at the time 

they were named Older Granites, but because it covers several important petrologic 

groups formed at the same time. The �rnnitoids which outcrop with the schist belts 

in northwestern and southwestern Nigeria biotite granites, biotite muscovite granites, 

syenites, chanockites, scrpcntinites and anorthosites. Rahaman ( 1988) discarded the 

earlier classification of members of the Older Granites suite on the basis of their 

texture, mineraological composition and the relative timing of their emplacement. In 

its place, members of tho.:: Older Granitl' suite were classified as follows, based 

mainly on the textural characteristics: 

\. Migmatitic granite; 

2. Granite gneiss; 

3. Early pegmatites and fine-grained granite; 

4. Homogeneous to coarse porphyritic granite; 

5. Slightly deformed pegmatite aplites and vein quartz; and 

6. Undeformed pegmatites, two-mica granites and vein quartz. 

In northern Nigeria, the abundance of Pan-African granites appears to increase 

eastward. In the area west of Zaria these occur as isolated intrusions (McCurry, 
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973) whereas in the region between Rahama and th M · C · 
\ , e esozo1c- enozo1c cover 

the intrusive granites and related rocks envelope remnants of Migmatites. McCurry 

(\973) working mainly west of Zaria divided the granites into two main groups 

according to their field relationship�. I he first ··synt<!ctonic"group comprised of 

elongate batholithic sheets that is partly concordant and foliated. The second group 

"late tectonic" are made up or poorly foliated discordant bodies, rich in mafic 

xenoliths and having a 1L1wcr proportion or potnsh l"eldspar. The late granites are 

considered to be the products of wide spread mobilization and reactivation of older 

basement rocks during the Pan-Al"rican orogeny. The Older Granites occur 

intricately assoc i ated with the Migmatite-Gneiss Complex and the Schist Belts into 

which they generally intruded. Older Granite rocks therefore occur in most places 

where rocks of the Migmatite-Gneiss Complex or of the Schist Belt occur. However, 

Older Granites are particularly noteworthy in and around Wusasa (Zaria), Abuja, 

Bauchi, Akwanga, Ado-Ekiti and Obudu areas. In Bauchi area and some parts of 

southwestern Nigeria, most of the Older Granite rocks occur as dark, greenish-grey 

granites with significant quantities of ol ivine (Fayalite) and pyroxene occurring with 

quartz, feldspars and micas. For this unusual composition, the Older Granites in 

these areasare termed Bauchite (in Bauchi area) and Oyawoyite (After Professor 

Oya h fi d 111em) in southwestern Nigeria. For uniformity of 

woye w o 1rst mappe 
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. oloay, both the Bauchites and Oyawoyites constitute the chamockitic rocks tenn1n o 

I 1ockites) of the Basement Complex . (C 1an 

Ockitic rocks constitute one of the important petrological units within the charn 

Precambrian Basement Complex of Nigeria. They are generally characterized by 

their dark greenish to gr..:eni�h gr<.:> appearance which makes them easily 

recognizable in hand specimen. They usually contain quartz + plagioclase + alkali 

feldspar +orthopyroxenc+ clinopyroxcne 1 hornblende ±  biotite± fayalite. Accessory 

minerals are usual ly zircon, apatite, and iron ores. Apart from Toro, other localities 

of charnockite occurrence include Bauchi, Ado-Ekiti, lkere (Ek iti), Akure, Idanre, 

and in the Obudu Plateau. 

2.1.3. Undeformed Acid and Basic Dykl·s 

The undeformed acid and basic dykes an.: late to post-tectonic Pan African. They 

cross-cut the Migmatite-Gm:iss Complex, the Schist Belts and the Older Granites. 

The undefom1ed acid and basic dykes include: 

a. Felsic dykes that are associated with Pan African granitoids on the terrain such as 

the muscovite, tourmal ine and beryl bearing pegmatites, microgranites, aplites and 

syenite dykes (Dada, 2006) 

b. Basic dykes that are gcncn1llY regarded as the youngest units in the Nigerian 

basement such as dolerite and the less common basaltic, felsite and lamprophyric 

dykes. 

13 



The age of the felsic dykes has been put at between 580 and 535 Ma from Rb-Sr 

dies on whole rocks Dada, ( 2006 ), while the basic dykes have a much lower stU 

suggested age of ca. 500 Ma (Grant. 1 970). The structural and geochronological 

. ortances of this suite or rocks, which have been put to immense chronological unP 

elsewhere (Dada, 2006) are often overlooked in Nigeria. When they cross-cut use 

basement. they cou ld be u:-cd 111 inkr 1-..:lativc age uf 111cta111orphic structures and 

rock suites and could also suggest the c:\istence of older basement windows in the 

Nigerian schist belts, apart from the immense guide they provide in sampl ing for 

isotope geochemistry. anal) sis and interpn:tation ( Dada. 2006). 
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. Summary of the General Succession of Paleozoic to Precamb · fable I . 

Nigeria Aaapll;.-U """'" ........ 0 ......... ' •  "U7 J. 
R1 

/\GE SUCCESSION ROCK TY PES 

Ordovician-Cambrian Mmandun �nd nurashi grnup Granites, Porphyries, Tuffs, 

I 

C•mb,;.,. llPP" ''""'"";;-\ Olde' G�·"""e' 

/\gglomcrntcs. Rhyol ites. 

Dacites. Andesites, Basalts 

Granites. Granodiorites. 

Syenites, Migmatites, Acidic -
Basic Complexes, Pyroxene, 

Diorites, Gabbro 
I 

Upper Proterozoic Younger Mctascdiments Phyl lites, Schists, Quartzites, 
Conglomerates, 

lnterbeddedYolcanics 

Older Precambrian Older Metasedimenhts and Quartzites, Marbles, Basic 

Gneisses 
Calcareous Schist, Biotites and 

Hornblende Gneisses and 

Granulites. 

I 
'1 
,, 
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2.2 General geology of lhe Cu bi area 

The study area (Gubi, Sabon Kaura and Rudi Yusa) is part of the north-eastern 

basement rocks em pl aced during Neoprotcrozoic (Pan African orogeny 600± l 50 

Ma) in Bauchi, Bauchi stale, Nigeria. It comprises of three rock types which are 

granites, gneisses and migmat itcs. /\II those rocks found poses a granitic 

composition, the migrnat ile in the area arc granitic in composition, Ferre (2006). 

The area consists of the hi l ls range from 591 m 10 606111, hills in the area include; 

gubi hill, they are mainly granites. Th.: study area provides evidence that high 

grade metamorphic conditions and anatexis are met by the combination of 

widespread regional amphibolitcs racics conditions and local contact 

metamorphism due to pluton emplacement. Most basement of the study area shows 

the 550±100 Ma ages (Ferre and Caby, 2006). The Bauchi area is underlain by 

migmatite-gneiss which is the oldest rock in the Nigerian Basement Complex 

(Rahaman, 1 988). The relationship of the present rocks can be defined in that the 

effect of metamorphism of the gneiss that resulted into schist and was later 

intruded by older granites (Bauchite) . The heal from this intrusion led to a 

metamorphism that formed the later gneiss showing a polycyclic cycle of 

metamo h' (B · 1 al I 094) The structure such as vien, fractures, joints 

rp 1sm rugu1er e ., 7 · 

and d k 
. h ea are dominantly trending in the NE-SW direction 

Y e on the rock in t e ar 

h. 
f p African structures. 

w ich is part of the general trends o an-
t6 



CHAPTER THREE 

3•0 MATERIALS AND METHODS 

3.1 Introduction 

Topographic map and base map were used 10 conduct the desk study from which 

the coordinates of the s\Udy area were calculated. During the course of the field 

work, samples were taken using the gcologic hammer for fresh samples of 

important rocks, photographs of imponan\ outcrops and samples were taken. 

3.2 Materials 

The apparatus used in the course of the field work and lab work includes: 

I .  Global positioning system (G.P.S)  

2. Compass clinometers 

3. Hand lens 

4. Masking tape 

S. Measuring tape and Rulers 

6. Topographic map 

7. Geologic Hammer 
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s. permanent Markers 

9. pencils and Eraser 

10. Masking Tapes 

1 1 .  Rotring pens and ruler 

12 .  Calculators 

13 . Field book 

These materials were al l  utilized in various processes in the field and laboratory as 

well in desk study to analyze the rocks of the area. 

3.3 Methods 

Methods employed in the course of the work can be broadly divided into two, 

which are Field methods and the Laboratory Methods. 

3.3.1 Field methods 

These are the various methods employed in the field to acquire data, take samples 

and also interpret in the field. These include the following: 

18 



9• Direction and bearing: 

b aring of various outcrops were measured The e using the compass and the 

terms or longitude and latitudes using the 

GPS(Global Positioning system) usually in the Mini datum configuration mode. 

. n elevation, coordinates in 
1ocano , 

compass alongside the Cl inometers is used in taking the dips and strike of the 

beds, the clinometers give the clip angles and the compass gives the strike angles. 

b. Distance: 

Distances between one location and anothi.:r is taken using the GPS (global 

positioning system) in terms of latitude and longitudes and usually recorded for 

further references. 

c. Rock sampling: 

Rock samples are taken using the geologic harmer, after the fresh sample had been 

taken, it is labeled and later described in terms of lithology as well as in their 

mineralogy, textures and relationship between them are also analyzed from the 

samples gotten from the field. Ground traversing was the method that was adopted 

and the following steps were applied: 

estigators first observed and collected data. 

· The inv · 
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ulate a hypothesis to explain the col lected data using structures seen on 
fben for!11 

h sical properties of samples lak�n · 1d and P Y 1e 

f the hypothesis in the laboratory using microscope. , '{'he test o 

nd result of the test or adoplion lll' ano1hcr before conclusion and inferring 
. 'fhe e 

h sample unit . of t e 

d. Measurement: 

The measurements were 1aken using rulers and sleel measuring \apes. 

e. Line of zero dip: 

This is to get the accurate clip and strike of the various s1ruc1ures in the field, this is 

done by setting the compass to a 270-90 posi1ion such 1hat the clinometers is on 

zero to get the strike l ine , 1he line perp..:ndicular 10 these strike line is the dip, and 

the amount is measured 

3.3.2 Laboratory method 

Kn . owmg th•t the '"ults colleeted from the field '" tontoti" '"' "e infwed the" 

1' need f 0< them to be oonfi<med ,,;ng the •pProp<iote method• in the \obo.,tory, 

this studies involved the following 

20 



a. petrographic study: 

hie analysis involves the descri . ietfOgrap ption of a rock sample in thin section 

h optical microscope in 1hc lab l'I · · . 
15ing t e · 115 is more de1ailed 1han 1he macroscopic 

;tudy, which involves looking at the rock sample with naked eye or through a hand 

to observe the color, texture, mineralogy and composition This is known as � . 
hand specimen st udy , the s\ruclurcs can also be seen such as folia1ion, banding, 

bedding etc under the microscope 1he sample is viewed both under Plane and 
cross · ' 

polarised lights. Propcrlics analysed cross under PPL are colour, pleochroism, 

relief, and cleavages shape, alterations while 1hose analyzed under XPL are 

birefringence, interference colours, and cxtinctionanglesexsolution. 

3.3.2.1 Laboratory procedure for thin sectioning 

Firstly, the sample to be used for the thin section is selected. ln selection, finer 

samples are chosen so as w give more in i'ormation of the rock rather than coarse 

""Pl•• 01'0 repr<"ntadvo ,.mplos ore �koo '"'h tl"t '' <how' •11 oc "mo,i oll 

•hho mino"I' '"'mb\ogo< foc oooh rnck tyP'·  Aft" ,.tooting tho "mpl" thon h 

" '"'"' to th• lob whore th• ro110wing pco""" '"' cond"''"" to prodooe tho thin 

section: 

• u . 
<mg mck cutting mochin•, cot ,idO of in""" from th• cock ounplo . 

• u .  
1 · 

smg carborandull1 powder, thin the rock c 11P· 
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the glass slide using a diamond pe rJark n. 

he thinned rock and glass slide l place t on 1eat source for 2-5 minutes. 

. glass rod, mix araldite to equilibrium �� . 

rock chip and glass slide using_ the araldite I Qurn - . 

re removal of bubbles by carefully heating the slide after pressing out air 
, Ensu 

bubbles using forceps. 

1 Dry for about 3-5 minut..:s: alluw rnnlin!:!- \'or about 5-1 o minutes. 

1 Damp slide and the rock chip on th.: grinding machine and grind gently. 

, Thin carborandum powder, after grinding while observing on petrographic 

microscope. 

• Take thinned glass slide to hot plate to be scrapped to the size ofthecover clip. 

• Gum the glass slide to the cover clipusing Canada balsam. 

• Eliminate air bubbles by gently rubbing the surface using mounting pin. 

• Keep to dry for two days. 

' Wash slide using detergent and methy lated spirit and allow to dry. 

' Label slide, ready for further studies. 

Precauf 

· · l d 

ions to be taken in 1hin section producuon 111c u e :  

I Tak 

th' . d . d. 

. 
e oare not to break the gl-'' slid" whon mm•• "' gn• mg 

2. En 
· l.d 

sure to remove all air bubbles 1n the 5 1 e. 
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. applying the gum not to affect the important features of the section. 
are in 

rake ' 

of overheating as it causes cracking of glass. 'fake care 

'd viewing technique under the optical microscope 3.z.Z Sh e 

th. section of a sample is to be viewed in two modes the first with the be in 

I er out to produce or give the plane polarised light in these mode you can ,na ys 

. the following properties: 11eW 

1. Colour 

b. Pteochroism 

c. Form 

d. Cleavages 

e. Relief 

f. Alteration 

After the above method you now view sa111e slide these ti111e with the analyserin 

"""'ing the Cro.,-pola<izod Light, yoo oan "' tho following pmportiO' of th< 

lllinera\ . 8 m these mode: 

a. Interference colors 
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ttil'ction angle 

,1nning 

lrefringence. 

h'ch the mineral counts in various slide positions are made and the required ;r W l 

. res are taken using the USB PC thin section camera. ,e p1ctu 

b ratory procedures for geochemical analysis ,2.J La o 

X-Ray fluorescence (XRF) was employed to analyze for major oxides in the 

mples. 

i.2.4 Sample preparation 

ibe samples were crushed using crushing machine at Ashaka Cement Company, 

lfter crushing for size reduction .  1t was pulverized into powdered form using 

mi mg machine. 0 . 1  g of each sample was measured and 4.0ml nitric acid, 

1crrurg · ll' 

·.Om! Hf 'd ac1 and 1 .0ml perchloric acid were added on each of the sample 

to dissolve it. It was then heatod to d<Y"'" on a ""' bath i"'ide fume 

"Pbooni f..- about 6 houcs and then al lowed to eool. Theo 2.0ml of ait<ie aeid aod 

2·0inl of di'st'l l  d 
furth dded on each of the dried samples and boiled. 

1 e water was er a 

It Was th 
I nd filter using I OOml volumetric flask. 

en removed and allowed to coo a 

� ... .i . cedure 
""\I pellet preparauon pro 
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0 00 I g of stearic acid was accurately weighed into a clean dry 

400+/- . 
o. 

weighing boat. 

0 OOQ+/- 0.00 I g was accurately weighed and add d h 
. .d 2 · e to t e steanc act . 

'fhe grinding vessel was clean using brushes. 

The grinding vessel was set, thc samph: plus the stearic acid was poured into 

the grinding vessel, and the lid was properly covered and ensured the 0-ring 

00 the lid was in place and ok. 

S .  The grinding vessd " as placed in the l krzur� mil l  ( Plate l )  and covered. 

6. The appropriate grinding time of l 00 second for clinker and gypsum was 

selected. 

7. The mill started b) pressing the start bu1ton and allowed to run till expiration 

of the set time. 

8. The Herzurg mill was opened, and the grinding vessel was brought out, the 

ground sampl e  on top of a c lean paper was cleaned out using brushes and 

ensured that no pa11 of the brush was entrained in the sample. 

9· The sample on th• p•P" "'" tboroughiY n>i"d ""' fue """' "id w" pot 

into aluminum cup to a max in'"'" of one tb;rd of tne cup" ,,1ume. 

IO.The grnund <ample "'" Oiled and th• """ m•"';"' were 1'"''' out 

l l
.
lt was full . d · ti e  pi·essed pellet rnachine and the screw on top 

care y inserte in 1 

of the damp was turned to hold the lid. 

25 



t was then unturned through a quaner of a tum and the pressing 
!f;rew 

tarted. 
5 S 

r 
P of the press, the lids of the press were held firmly with one hand and t stO 

. the other hand, the damp was unscrewed and released and the pressed with 

Was brought out by pressing the start button. pellet 

face of the pellet was examined properly to 1.The sur detect any possible 

labeled with a marked and no defect was The pellet was properly effect. 

detected. 

S.The pellet was ins.:rte<l into XRI·  analy:.-.cr. The XRF pc was used to select 

the program. The sample was identified, the analysis starts and elapsed for 

about 3 minutes and the result was displayed on the pc's screen. 

3.3.1.5 X-ray Fluorescence Spectrometry (XRF) 

W"•length- dispe";ve X·C'Y fluo«"'''°'- WDXRf is • noo-d<'trucliv< 

mlyfica\ rechniqu• uSod \0 ident; ry "'' dot""''"' th• "'""""'"''"' of 

danenlS and oxide present in w\id, powde"'1 ,.w liquid ""'pl• '' "'" \ov<ls 

""" below one part P" million, and up lO I ooo/o wido '""""ion in induotry 

""' """"h derives from th• abilitY to oor<Y °"' '"u""' "'"duoibl• mo\ysis 

• very high speed with modern comP'"" con«011'd sY'""'' 0""'"00 is full> 

autom t' 
. 11 d ,rvcred within ininutes, or even seconds. 

a 1c and result are 1yp1ca Y c 1 
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king P•;ndple of X-o-ay Flu"'"""'• Spe<t <ometec (XRF) 

�6 wor 

ethod depends on fundamental rii . 

rn 
P 1ciples that are common to several ental methods involving intera t" b ;stflllll 
c ion etween electron beams and X-ith samples. When samples atoms are irradiated with high energy primary 

photons electrons are ejected in the form of photo electrons. This creates •'holes" in one or more of the orbital's, convc1ting the atoms into ions 
)05 

Stable. To rl.'stort> thl.' atoms to a mon: stabli;: state, the holt!S in inner 
i are un 

u are filled by e lectrons from outer orbital's such trans1t1ons m · · ay be 

mpanied by an energy em issio n  in the form of a secondary X-ray photons- a 

110menon known as tluorl.'sccncc. T h..: various electrons orbital is called KLMN 

! where k is closest to the nucleus each corresponds to a different energy level -

l the energy (E) of emitted nuoresccnt photons is determined by the difference 

energies between the initial and final orbital for the ind ividual transition . 

analysis of major and trace elements in geological  materials by X-ray 

;uorescence is made possible by the belrnviors of atoms when they interact with 

.iation when materials are excited with high energy short wavelength. 

�°" (e.g. X-R•Y<), they eon booom• ion i"d I f eo<®" o f  the <adiotion ;,  

rsu� . 
· •uc1ent to d' 

. Id . r electron the atom becomes unstable and 

1slodge a ughtlY he 1nne ' 

. .... . . . . el"""" ·  Whoo thi• h•PP'"• enocgy i• 

r electron replaced the 1111ss1 ng i nnei 

27 



he decreased binding energy f h . 11e lO t 0 t e inner electron orbital compared e The emitted radiation · f 1 · 

011ter on · 

ts 0 ower energy than the primary ){-rays and 
is termed fluorescent radiation. Because the energy of the 

S 
is characteristic of a transit ion between specific electron orbital in 

photon 

cular e e ' I ment the resulting fluorescent X-rays can be used to detect the 

f lernents that arc present in the sample. lllces o e 
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CllAPTER. Foun. 

1..:rs 

uction 

!PhY deals with the Macroscopic and M icroscopic descriptions of various 
the study area. The rocks studied in the area include; migmatites and 

gneisses. The major oxides geochemistry carried out is aimed at classifying 

:k types of the study area arc Si02. J\1203. Fe203. FcO, MgO, CaO, Na20, 

fiOi andP20s (Table 2) Effort was made lo understand the possible geologic 

.ses that led to the formation of the various rock types of the study area by 

ng reference to the various classification schemes used. 

Geochemical analysis 

\total of seven (7) samples were analyzed in weight percent (wt. %) of major 

:lements. Below is a table showing the major oxides that were analyzed. 
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'des in wt% that were analyzed ( O l(I 

RD6A 
53.39 
12.00 
4.93 
10.3 I 
1 .93 
0.60 
1 .68 
2 . 1 7 
0.23 
0.2 1 
0.82 
10.22 

98.50 2!:12 
3.29 

'.!.43 I 1 1 . l. \  l % I S.lJ�_ 6.2.J 2.79 7.44 
6 . \8  4.5 1 .\ l l \  4.60 5.22 6.38 5 . 10  

3.  \ 5 

, " .. , '"  I -504 . 87 -so2.s7 -578.so -:SiT.s2 -ss?.•J.i --="·' , , 
_ ,.; I 1 0 . » I 16.32 I 17.57 I 1 9. 1 5  18.40 I SF . . ,. . 

above table, the fo\\owinil. ind; .. _ , ... .:s were plotted; 

rotal alkal i  silica . 

.luminium saturation index . 

.rker variation diagram . 

.FM diagram. 

alkali silica: this defines the suite of the rocks (Fig 4). 

liaium saturaOon ind•" this ""sifiOS the rnok "'"p1'• ioto Metal"'"'"""" 

inous or Pera\kaline (Fig 3). 

<variation diagram, this de fin" ,0d iells th• ocigin of the '"'"'"' " eithe< 

:le orig' . . . 6 7 g 9 1 0 J I 1 2  1 3  and 14).  

m or crustal ongtn (Fig 5,  , • ' ' ' ' ' 

: this cl . 
. 'ti er tholeiitic or ca\c-alkaline (Fig I S). 

ass1fies rock samples into e1 1 
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= 
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M 

l 5 : AFM ternary plot after Irvine Barager, 197 1  {A"'Ah0i + Fe20i -(N20 + KiOwt.%)}, 

Ftotal Fe as Fe203wt% and M "" Mg0wt% 
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7c1rographic st udics 

1 Macroscopic studies 

ite S· h · P otograph of sample SQSB 
Plate 6: photog.raph of sample RD6A 
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. rooerties of sample GB6B :• r t 

• q 1nelanocratic rud, n1;11<:rial 11 ith h1<>h leLu:u1.:r·nic mineral co111ent 

l t 1 :- v 

:0 ' 
Cklf aligning of both the l ight and dark rolon:d minerals in the form of 
bands. 

Sample GB6B i �  i n k rrl'd to be �r;111ih: �nci,, ( Plate J ) .  

sic properties of sample SQ513 

] I  is  a fine grained kunKratie mall"ri: i l 

Sample SQ5B i s  i n ferred to be a !i:lsic d)ke 

Basic properties l'I "  ";1mpll' RD6:\ 

It is melanocratic rod, materia l " ith hi!:\h kucucratic mineral content. 

Clear aligning of both t he light and darl-. ..:olorl«l min..:rals in the form of 

bands . 

. L Sample RD6A is inferred to be granite gneiss (Plate 5) .  

asic properties of sample GB3 B 

l. 

ii. 

iii. 

iv. 

It is a combination of two rock types. 

The leucocratic part has coarse grains 

The melanocratic part has medium grains  

Sample GB3B is inferred to be a 1ni gniatite (Plate 2). 
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. prope1ties of sample GB 1 A i.11C 

It is a combination of two rock types. 

The Ieucocratic part has coarse grains 

The melanocratic pa11 has medium grains 

Sample GB I A is infened to be a migmatite 

sic prope1ties of sample GB6A 

It is a combination of two rock types. 

The leucocratic part has coarse grains 

The melanocratic patt has medium grains 

Sample GB6A is inferred to be a migmatite 

1.2 Microscopic examination 

� 

a 

"' 

�IC 7: phot . om1crograph of sample GB6B in CPL Plate 8: photomicrograph of sample GB6B in PPL 
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,,_ ,, 
• 0 

Plate 10: p'.1otomicro�rnph of sample SQSB in PPL 

I 
jl 

f'' � 

te 1 1 :  photomicrograph of sample RD6A in CPL Plate 12: photomicrograph of sample RD6A in PPL 

c: 

,. 

p otom1crograph of sample GB3B in CPL Plate 14:  photomicrograph of sample GB3B in PPL 
Ile 13: h . 

z, M= microcline, O= olivine, K= orthoclase, P= plagioclase, MU= muscovite, B=biotite 
'quan 
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. observed under CPL for sample 083 8  or:rt1es 

k colored m ineral s  were identified 
oar 

. ht colored minerals \\ere also idcn1iticd 
L1g 

poly synthetic twinning was observed (Plate 1 3) 

rt·1es observed under P P L  for sampk Ci l \3B -ope 

Few patches of brownish coloration observed indicating biotite 

,. Abundant colorless minerals n. 

tt. Most of the crystals shO\\ subheral 10 anhedral form (Plate 14) .  

'roperties observed under C P L  for sample GB6B 

t. Poly synthetic twinning was observed 10 identify plagioclase 

ii. Dark colored minerals were observed (Plate 7) 

Properties observed under PPL for sample GB6B 

i. Colorless, light brown and dark colored minerals 

ii. The brown mineral s have one pcrfccl cleavage (Plate 8). 

1es observed under CPL for sample SQSB 
Propert' 

I. 

ii. 

Light colored minerals were observed 

Poly synthet ic twinning evident 
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"erence colors observed (Plate 9 )  1n1en • 
. 

. observed under PPL for sample SQSB 
aperues 

Abundant light colored minerals observed 

Cleavage lines evident from muscovite ( Plate 1 O). 

operties observed CPL for sample RD6A 

Poly synthetic twinn ing was obscn cd 

Light colored minerals were observed 

u. Dark colored minerals were also observed (Plate 1 1  ). 

roperties observed under PPL for sample RD6A 

Colorless, light brown and dark colored minerals 

11. The brown minerals have one perfect cleavage (Plate 12) . 

. 4 Modal classification 

'able 3: mineral count for sample GB3B 

Quadrants 

Inferred I I SI I 2nd I 3'"1 141" I Total I Percentage 

Minerals 
Quartz I s '3 I�·:__ 1 2 
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2 
7 4 

8 1 1  s tite 

\ 1 4 \ l 5.73 
L) 

�8 

34 20 

• Quartz 

• K·feldspar 

• Plagioclase 

• Biotite 

116: A pie chan showing 1he p.:rcentage composition of minerals in sample GB3B 

Q 

A 

Fig \? : QAP plot for sample GB3B 44 



. eral count for sa111ple RD6/\ 4: "\I" --
Quadrant 

;td I 1 51 \ 2
nd 

\ 3rJ 

:ral 

1 5  9 1 3  

Jdspar 5 3 2 
-l --

,joclase -
' \ -

\ 41h 

1 1  

4 

L 

1-

I total \ Parccnl<ig,es 

\ 
48 
+,;

; 1 4  22.58 

' . \ '.' 1 99.98 

fig lB: A pie chart showing the composition or minerals in sample RD6A 
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• Quartz 

• K-feldspar 

• Plagioclase 



Q 

QAP plot for sample RD6A 

mineral count for sample GB6B 

Quadrant 
) SI 2nd 3rd 

1 4  1 8  1 2  
5 1 3  1 2 

' 2  

p 

4'" total I Parcentages 

I O  44 73.3 

4 14 23.3 

- 2 3 .3 

60 99.9 
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pie chart showing mi neral composition in sample GB6B 

�&: I \ p ',o\, 
' 0 p 

�p plot for sample GB6B 

era! count for sample SQ58 

Quadrants 

I 1 s1 I 2nd j 3rd I 41h llolalTpercentage 

47 

• Quartz 
• K-fetd1par 

Ptagiocta1e 



le chart showing mineral composition for sample SQ5B 
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• Quartz 

• Muscovite 

• K-feldspar 

• Microcline 

• Olivine 

• Plagioclase 



Q 

lot for sample SQSB 

TYPES 

II 
f1ld1par 
tnt Q or P 

I 
I 

Granite 

Q 

• 

• 
(Monzo 
granlteJ 

Quanz / Quartz 
1y1nit1 monzonite 

1nlt1 I Monzonite 

p 

• 66 
M o nz odlorltel Oloritel 

Monz ogabb r o Gabbro 

: Tenary plot showing the various rock samples. 
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CH.A PTER FIVE: 
ssION 

ion of results 

of the petrographic analysis  of the Gubi i·ock 1 d · f 
s s iows a ommance o spars, micas (mainly b iot ite ) and opaque minerals and also the QAP 1 dom inant granitic composition which suppo11 the claims by Oyawoye 

the rocks of the Bauchi  area are of granitic composition and the 
in the area are of granitic composition as shown on the QA P  plot. This 

Ith the claims by Ferre, (2006) that migmatites of the Gubi area are of 

1position. 

saturation index is an i ndi.:x that tends to classify rocks as either 

1s, metaluminous or peralkaline. Most of my rock samples fall within 

us-peralkaline as shown in fig 3 above. 

•1lot shows increase in alkali content constant decrease in magnesium 

lent thereby showing the rocks to be calc-alkaline. This is in line with 

l 988) that compositionally; the rocks arc seen to be in the field of calc

s. This shows that the magma crystal lizes from silica rich magma on 

agram as shown in fig 1 5  above. 

so 



I 1 is a plot that class;r," •ocks imo so itcs .  Fmm th e  Plot. ,  Dio''"·  

45 p 0 

. Dionte-

, 

. Grno itc soi tc is gi veo l<w t he d i l fo""' '°'' '>mph h m""' ""' 
, 

s fractionated While crysta l l iza t ion o i' the rock 
m1a wa 

ie Harker variation diagrams above, the h i gh te111perature ox ides  as shown · 1 0  1 1 ,  1 2,  and 1 4 are decrc<is i ng as  the s i l ica  content  is increasing 
), ' 

: the low temperature oxides as seen in fig 7 and 8 are increasing w i th 
ng Si02 content suggesting thl' magnia i s  possibly o r  mantle origin.  

�omic geology of the Gu bi area 

>i area has enom10us economic potentials, here are but a re\\·: 

1e rocks if properly harnessed would provide source materials for tile 

oduction which can serve as a great source of income to both the state and 

e country at large. 

le Gubi dam also provides a source of water for the Bauchi metropolitan 

1abitants and also a source of water for irrigat ion and fishery activities. 

,,,. 

ie area provides fertile grounds for agricultural activities such as fannino 

,e to the weathering of the rocks with high biotite, ferromagnesian and 

dspar content wh ich provides the necessary nutrients for plant growth and 

velopment. 
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CHAPTER SIX 
CLUSION AND REcoMlVIKNDATJON 

ON 

onclusion 

a is underlain by rocks of the b re asement complex mainly the migmatite 
complex which was intruded b' · rocks 01· ti Old G · · 

, · 1e er- ranJte suite at syn 

on to post-orogenic epi sodes with respect to the Pan-African orogeny. These 

:s were intruded by basic dykes and other intrusives (pegmatites, dolerite 

and qua11z veins).  The geoc hemical characteristics of the rocks have shown 

e magma from which the rock fractionated is of mantle origin. 

:commendation 

on the Research conducted and fieldwork, I strongly recommend the 

ing: 

re research should be carried out on the Geology of Nigerian Basement 

lex as to make some amendments to the old researches that confuses in the 

i situation where you see something different and you are made to believe it 

'as and not what you see in reference to literatures. 

! study Area is a very good potential for polished stone value, and also the 

could be used to make tiles, hence the government or private sector should 

- productively into these . 
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C H A PTER S I X  

6.0 CONCLUSION AND RECOMMENDATI ON 

6.1 Conclusion 

The area is underlain by rocks of the basement complex mainly the migmatite 

gneiss complex which was intruded by rocks of the Older-Granite suite at syn 

collision to post-orogenic episodes with respect to the Pan-African orogeny. These 

granites were intruded by basic dykes and other intrusives (pegmatites, dolerite 

dykes. and quartz veins). The geochemical characteristics of the rocks have shown 

that the magma from which the rock fractionated is of mantle origin. 

6.2 Recommendation 

Based on the Research conducted and fieldwork, I strongly recommend the 

following: 

I. More research should be carried out on the Geology of N igerian Basement 

Complex as to make some amendments to the old researches that confuses in the 

field a s ·t  · 

d d t b 1· · 

' 1 uation where you see something diffe rent an you are ma  e o e 1eve 1 t  

as . it was and not what you see in reference to literatures. 

l. Tho &udy Area ;, a ,.cy good potootial fot poli'1>od ,too< '"1"'· wd alw th< 

- ._ _ro.;;cks co Id b d .k .1 h the governrnent or private sector should 

u e use to ma e ti es, ence 



3. Although no mineral of economic value was encountered in the work, but there 

ects of such and further studies of the study area should be conducted for are prosp 

any existence of such. 
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