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'ABSTRACT 

The study area lies between latitudes I o0 26' 00" N to 10° 29' OO''N and Longitudes 9° 47' OO"E 
to 9° 51' OO"E, the minerals observed in the rocks in hand specimen are quartz, feldspar, biotite 
and plagioclase. Thin section study of the sample revealed quartz, plagioclase, biotite, 
microcline, are the essential minerals found associated with the rock. The minerals found in the 
granite are; quartz, orthoclase, biotite, m"icrocline, plagioclase, are the essential minerals in the 
rock. The migmatite sample contained quartz, orthoclase, microcline, biotite, plagioclase, as 
essential minerals. 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 structural, petrogaphic and textural properties. 
Geological structures observed in the mapped area are joints, dyke and veins trending mostly in 
the NW-SE, NE-SW and N-S direction indicating the effect of pan African orogcny. 
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I.I Background of the Study 

CHAPTER ONE 

INTRODUCTION 

The Study area falls within the Nigerian Basement Complex and also gives a Picture of an 

extension of the schist Belt of Nigerian. The area occupies part of Sheet 149 Bauchi NE within 

latitudes N 10' 26'00" and NJ()' 29'00" and Longitudes g 47'00"E and g 51 '00."E. The area 

comprise of Migmatites as the Major rock type with lots of interesting structures, the 

migmatization has been dated at 580± I OOma (Ferre C.E, 2006). At the end of this study more 

advances and conclusions as to their occurrences, field relations, structural interpretations as 

Well as petro graphical information of the vario.us rocks encountered will be provided. 

This study ,focuses on mapping, structural 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 the geology of Bauchi State and the North-Western basement at large. 

1.2 Aim and objectives 

The aims of the project are to investigate, comprehend and reproduce a systematic description of 

the rocks in the study area using thin sections, hand specimens and structural analysis. This study 

includes analyzing their mineralogies, textures, structures, and origin and field occurrences. 

Generally the objectives of the work are as follows: 

i. To produce vital and useful information on the geology of the Area around Gu bi, Bauchi state. 

This information inc,ludes the structures, geology, rock types, also to identify and distinguish 

rock types of study area using petrography, field relations, 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. 

This study is also expected to contribute to the understanding on the Evolution of the Nigerian 

Basement Complex. 

1.3 Statement of the Problem 

The study area is part of the Northwestern basement, and also one of the least investigated in the 

geology of Nigeria. This work will attempt �o use surface mapping, structural analysis and 

petrographic studies to classify, analyze and provide more information on the Migmatization in 
I 

the area. 

1.4 Justification for the Study 

Haven known that the study area is one of the least investigated of the Northwestern 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 structures, minerals present and also know the level of deformation as to 

add to existing information on the Northwestern basement. 

1.4 Location, Extent and Accessibility 

The study area lies within latitudes Nl0'26'00" and N 1CT29'00" and Longitudes 9'47'00"E and 

90' 51 '00" as seen in figure I. Even though the work was done in the rainy season the area was 

quite acces�ible and !the study area falls within the sheet 149 NE of Bauchi State. The area is 

accessible by a major road linking Bauchi to Kano and numerous footpaths to access the remote 

areas within the study area. The study area covers approximately 2.7 by 3.5 rectangular 

kilometers. The tallest outcrop within this area has an elevation of about 657m above sea level. 

2 



Fig. I : Index Map of Nigeria showing Bnuchi 

1.6 Relief and Drainage 

The area has appreciable relief and is characterized by high and low level outcrops. Most of the 
I 

outcrops are conically shaped and have height ranges of 623 to 693 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. 

3 
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Fig.3: 30 map of the area showing elevations 

1.7 Climate and Vegetation 

The climate of the study area consists of a wet (rainy season) which extends FromMay/June to 

october with a temperature range of 25 to 3 7 degree Celsius (Data from NIMET 2004) and a dry 

season which is characterized by the harmattanfom1 november/december to april/may as with a 

temperature range Of 29 to 45 degree (data from NIMET 2004). 

The vegetation type is savannah and comprises of scattered 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) in some places not used 

for the fanning purpose. The product of the weathering of the rocks in the area provides fertile 

soil for fanning and the drainage systems provides soil moisture. These two factors make the 

area agriculturally viable. 
5 



The settlement here is mostly nucleated with scattered villages. The prominent village in the 
study area is the Gubi village and the Rudiyusa villages. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.0 The Geology of Nigeria 

Nigeria i s  situated in the West African sub-region and lies between longitudes 3° and 14° E and 
latitudes 4° and 14° N. It has a land mass of.923,768 km2. It is bordered to the north by the 
Republics ?f Niger and Chad and to the wrst hy the Rerublic of Benin. It shares the eastern 
boarders with the Republic ol' Camcroun down to the shores or the Atlantic ocean forming the 
southern limits of the Nigerian Territory. About 800km or coastline confers on the country the 
potentials of a maritime power. Arable land is in abundance in Nigeria for agricultural, 
industrial, domestic and commercial activities. 

Although Nigeria is wholly within the tropics, its climate varies from the tropical at the coast to 

sub-tropical further inland. There are two marked seasons: The rainy season lasting from April to 

October and the dry season from november to march. The maximum temperature in the coastal 

areas of the south can go up to 37°C while the approximate minimum temperature is to0c. The 

climate is drier further north where extremes of 1ciufJt:•'<i\u1c: may range from 40 to so0c. 
The geology of Nigeria is made up of three major litho-petrological components, namely; the 

basement c9mplex, younger granite, and sedimentary basins (Fig. ). 
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Fig. 4: Geologic Map of Nigeria Showing the Major Geological Components; Basement, 

Younger Granite, and Sedimentary Basins (Obaje, 2009). 

2.1 General Geology of the Northern Nigeria Basement Complex 

The Nigerian basement complex is situated in the pre-drift mobile belt defined by Kennedy 

(1964) east of the West African and Sao-Luis Cratons Northwest of the Congo and Sao

Fransciscocratons which was affected by the 550 ± I 00 Ma Pan-African Orogeny. The entire belt 

lies in the reactivated margin of the West-African Craton and the active Pharusian Continental 

margin (Burke and Dewey, I 972; Black et al., 1972; Caby et al., 1981 ). 

8 



Northern Nigeria according to past literatures belongs to the Precambrian Basement Complex 
and is underlain by five major rock groups with the fol lowing relationships according to 
Olanrewaju (I 976): 

Volcanic: - Proterozoic-Quartenary 

Younger Granite Complexes: - Triassic-Cretaceous 

Older Granites: - Pan-African (550± I 00 Ma) 

Younger Metasediments: - (Schist-Belt) 

Migmatite-Gneiss Complex: - Eburncan. 

One of the earliest works on the basement cor11plex of Northern Nigeria was done by Falconer 

( 1 91 1) during the general economic mineral survey of Northern Nigeria. During this survey he l 

encountered the unusual Fayalite-uartz-Monzonite at Bauchi town which he described as a 

coarse-grained Augite Syenite. 

Subsequent work by Bain ( 1926) established ti'i� 11nusual rock which belongs to the older 

grainite suites as Syenite. However, the distinctive feature of this unusual Fayalite-Quartz-

Monzonite was first elaborated by Oyawoye ( 1978) and ( 1961) which named the unique Granitic 

rock as Bauchite after Bauchi town in 1965. Descriptions of the mineralogy of the normal 

Bauchite have been published by Oyawoye (1958, 1961 and 1962) and Oyawoye and 

Makanjuaola (1972). 

Carter et al., ( 1 963) discussed the older granites ofBauchi provinces of Northeastern Nigeria. He 

described ".eins of porphyritic biotite-hornblende-granite which cut and in places replaced fine

grained granites. He suggested that the fine grained granites are the oldest members of older-

granite suite. 

9 



Marno (197l) however found Carter's suggestions as unusual. Furthermore, Carter (1963) also 
described Quartz-Diorite which belongs to the older-granite Series. Mac-Leod et al., ( l 97 l) 
compared the similarities between the Bauchi-quartz-diorite and the Toro- Hypersthene Diorite. 
They were all found to Possess similarities. 

Eborall ( 1976) worked on the intermediate rocks from the older granite complex of Bauchi Area, 
Northern Nigeria. She recognized porphyritic Biotite-Hornblende granite, quartz, Hypersthene 
Oiorite, mig111atites and gniesscs. She also suggested that the complex grades outward into a less 
mafic rock.' 

Kogbe ( 1989) worked on the geology of the no11hern part of Nigeria. He described the northern 

Nigerian as underlain by gneisses, migmatites and metasediments of Precambrian age which 

have been intruded by a series of granite rocks of late Precambrian to lower Paleozoic age. The 

oldest rocks are represented by series of older metasediments and gneisses believed to be of 

Birrimian and older ages. The rocks have been variably metamorphosed and granitised through 

at least two tectono-metamorphic cycles. They have been largely converted to migmatites and 

granite-gneisses. 

Younger metasediments believed to be Upper Proterozoic in age were deposited in this granitic 

basement and folded along with it during the Pan-African orogeny. They are of low 

metamorphic grade and are now represented as synclinal troughs among older rocks in the 

North-west Nigeria (Rahaman, I 989). 

Intrusive in the basement rocks and the younger supracrustal cover are series of basic, 

intermediate and acidic plutonic rocks known as the older granites. The youngest rocks in the 

IO 



area belong to a suite of volcanic rocks intruded into older granite bodies during the lower Paleozoic epeirogenic uplift following the Pan-African orogeny. 
At least two phases of light isoclinal folding have been recognized in both the younger rnetasediments and the basement gneisses. Th�se deformational episodes were accompanied by rogressive regional metamorphism and followed by phases of static metamorphism. Pressure-
p ' 

temperature conditions remain essentially constant throughout both deformations. 
Accompanying migmatisation and granitisation of the basement gneisses is the intrusion of a 
suite of syn to late tectonic granites. The closing stages of the orogeny were marked by cooling 
uplift and fracturing and by the intrusion or high Je, el volcanic Rocks. 

Finally, Olanrewaju and Rahaman ( 1982) worked on the petrology and geochemistry of older 
granites from some part of northern Nigeria of which Bauchi State is part. They recognized four 
main petrographic varieties or granites which includes coarse porphyritic Biotite-Hornblende-

granite, medium- coarse grained biotitc-hornblendc- granite, medium grained biotite and 

leucocratic granite (dababe granite) and fine grained leucogranite and biotite granite. 

I I  



IE 
I 

� 

Fig: 5.Map showing Basement Geology of Nigeria (Adopted after Obaje 2009) 

2.2 Review of Recent Works of the Study Area 

The Bauchi area is underlain by migmatitc-gneiss which is the oldest rock in the Nigerian 

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

the effect of metamorphism of the gnei ss that resulted into schist and was later intruded by older 

granites (Bauchite ). The heat from this intrusion led to a metamorphism that formed the later 

gneiss showing a polycyclic cycle of metamorphism (Bruguier et al., 1994). 

However according to Oyawoye (1965) who s
_
aid much work has not been done in the area as 

quoted "I share the reluctance of modern petrologists to propose new variety names for rocks". 

12 



The result of works on the m igm atite gneiss in the Bauchi area shows their nature to be that of Agmatite (Mehnert, 1968). 

Agmatites are of sporadic and rather limited occurrence and the isotope count in them shows 
6 I 8Ma (Dada et al., 1993 ). The early gneiss and other ultramafic rock are cut into irregular 
blocks by the granitic component. In areas around Bauchi where they are well developed they 
show dikyonitic structure (Oyawoye. 1964 and Mchne11, 1968). 

In a discussion on the Bauchite-Biotitc hornblende granite transition by Oyawoye ( 1961) he 
suggested that the charnockitic rocks (13auchitc) are formed under local pyroxene-hornfelsfacies 

conditions in regions of amphibolitcsfacics metamorphism (Oyawoye, 1965). These conditions 

may be in\Juced either by a reduction in pressure with the concomitant rise in temperature 

and/orby the introduc tion of hydrothermal fluids. It is also conceivable as suggested by some 

field evidence that such areas represent minor intrusions of rocks of charnockitic affinity which 

because of low PH20 have managed to retain their premetamorphic high temperature low PH20 

(Winkler, 1967) miner al assem bla ges. 

Bowden (1969) suggested that bauchite was melted by a linear zone of high heat flow from the 

mantle during the d isruption of Gondwanaland. Bauchite happens to be part of theEastern 

Nigeria's terrane which according to Ferre et al, 1993, has U and W (isotopes) deposits (Woakes 

et al., 1987). It is implaced in metamorphic rocks which are a part of those in Northern Nigeria 

which consist mainly of granite-high-grade gneisses and migmatites which are cut by large Pan-

. ,· · d' t I 1997) 
African monzogranite plutons (DJoua 1 e a ., · 

This eastern domain stretches from the Cameroon line to the area between Kaduna and Jos (Ferre 

and Caby, 2006). This Jos-Bauchi transect situated to the east of the main terrain boundary 

13 



. eludes mostly gneisses and anatexites f . 
in 

° rnetased1mentary origin (Ferre et al., 1998, 2002). The depositional age of the sediments is poor! . Y constrained and no basement-cover relationships have been identified. The use of U-Pb Zircon · isotopes to detem1ine the ages of the syn-kinematic and I kinematic plutons suggests that · 
. 

ate 
lllOst ot the outcrop found in the study area irrespective of the composition are 638 + 3ma and 585 + 7 Ma (Dada and Rerpant, 1989; Dada et al., 1989; Ferre et al., 1993). The close relationships between the regional anatexis and emplacement of syn-kinematic plutons from the n1onzodiorite-charnockitc association strongly suggest that this 

area underwent a monocyclic metamorphic history <Ferre et al., 1989). This is in agreement with ) 
model ages of I .8Ga obtained on Tilde Fulani migmatitic metasedimentary rocks by Dada 
(1998). It further establishes that the source or the sedimentary rocks is younger than Late 
Palaeoproterozoic. and strengthens the case for a single monocyclic Pan-African evolution. 

Bauchite is a part of the Neoproterozoic belt (Pan African) of Northern Nigeria where there is a 

distribution of metamorphic facies (Mac-Lcod et al.. 1971; Deleris et al., 1996). High grade 

metasedimentary rocks reached granulite facics condition and survived as large lenses and 

pendants interlayered within anatexites and migmatitic granites as seen in the Toro area of 

Northern Nigeria. 

Mineral assemblages in both rock types could be used to determine magmatic and metamorphic 

thermo ba:ometric cbnditions and it was shown to be of the Barrovian type metamorphism 

(medium temperature) by Ferre and Caby (2006). 

The Bauchi area has foliations running through it, these was deduced from field data, SLAB 

images and previous maps (Wright, 1971 ). It has in place biotite-muscovite granite which form 

elongated plutons parallel to the regional structures suggesting a syn-tectonic emplacement, and 

14 
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. hornblende granites which hav bioute-
e more rounded shapes molded by country rock structures in conformity envelopes, suggesting a late tectonic emplacement (Ferre et al., 1998). 

The Neoproterozoic Trans-Saharan Belt in which the study area falls within was suggested to be formed between 700Ma and 580Ma by accretion of terrains between the converging West African Craton, the Congo Craton and East Saharan Block, which was probably a craton until ?OOMa (Black and Liegeois, 1993) when it was widely and largely reactivated, except in few 
areas. 

Extensive sampling of metas�dimentary gneiss�s of the Bauchi area (Jos-Bauchi transect) has 

revealed several occurrences of granulite facies rocks within high temperature amphibolitesfacies 

rocks and anatexites (Ferre and Caby, 2006 

2.3Summary 

In summary it is deduced from the literature that 

I. The Archean b asements of this area as sighted by previous work underwent high grade 

metamorphism and anatexis during the Pan-Afrkan Orogeny and hence show a Pan-African age. 

2. The Jo;-Bauchi transect is a representation of the Neoproterozoic (Pan African) Belt of 

Northern Nigeria as it exposes high-grade metamorphic rocks of contrasted character depending 

on their distance from Neoproterozoic monzonitic plutons (Ferre and Caby, 2006). 

3. The distribution of granulite facies rocks in the Neoproterozoic Belt appears to be wide but 

may reflect a constant granulite facies conditions. 

4. The Bauchi area provides evidence that high grade metamorphic conditions and anatexis are 

lllet by the combination of widespread regional arnphibolitesfacies conditions and local contact 

.J 5 



orphism due to pluton emplacement. Hence most basement if not all of the study area 

met am 
the 550± I 00 Ma ages (Ferre and Caby 2006) 

shows 

, . 
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CHAPTER THREE: 

3,0 Introduction 

MATERIALS AND METHODS 

Topographic map and base map was used lo conduct the desk study from which the coordinates oflhe study area were calculated. During the course of the field work. samples were taken using the geologic hammer of fresh samples of important rocks, also photographs of important structures and outcrops w ere taken. The altitude vaiues (Statement of dip and strike) of the various structures in the field were taken and the stereographic projection of the strikes and dips 
were plotted. 

3.1 Materials 

The appar111us used in the course of the field work and lab work include 
Laboratory Apparatus 

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

2. Compass clinometers 

3. Hand lens 

4. Masking tape 

5. Measuring tape and Rulers 

6. Topographic map 

7. Geologic Hammer 

8. Permanent Markers 

9. Optical microscope 

Field Apparatus 

l. Schmidt net 

2. Counting Net 
17 



_1. o' ..:r La) tra..:ing sh..:c1, 
.i. P.:ncils and Eraser 

5. Plane shceb 

6. Oflicc pins 
7. Masking Tap.:, 

8. R<>tring pen' and Rukr 

9. (akulatllr' 

Plate·3·Gf . 
. 

· · obal Positioning Syst..:111 (GPS) Platc:-l:Compass cfmomctrc· 
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II ·1· d · · 
II in desk 

, ,,.; , I y wore ' "" "' '" ''"'"' '"""" i" <ho fi<ld '"' l•OOra<o,y " � 
These rna 

analyses the rocks of the area. study to 

2 Methods 3. 
Methods employed in the course or the 11·ork can be broadly divided into two, which are field 

hods and the laboratory Methods. 111et 

3.3 Field Methods 

These are the various methods c111ploycd in the field to acquire data, take samples and also 

interpret in the 1ield. These include the li1llowing: 

a. Direction And Bearing: The bearing or various outcrops were measured using the compass 

and the location. elevation. coordinates in terms or longitude and latitudes using the GPS(Global 

Positioning system) usually in the Mini datum configuration mode. Compass a longside the 

Clinometers is used in taking the dips and strike or lhc beds. 1hc clinomelers give 1he dip angles 

and the compass gives the Strike angles. 

b. Distance: Distances between one loca1ion and anoihcr is taken using the OPS (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, afterthe fresh sample 

might have 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 gonen 

from the field. 

Ground transversing was the method that was adopted and the following steps were applied: 

s 1gators first observed and collected data. 
·The inve t' !<l 



• Then formulate a hypothesis to explain the collected data using structures seen on field and 
• 1 roperties of samples taken. phys1ca P 

. The test of the hypothesis in the laboratory using the microscope. 
_ The end :esult of the test or adoption or another before conclusion and inferring of the sample unit. 

d. Measurement : The measurements Were taken usin!l rulers, ropes and steel measuring tapes. e. Line Of Zero Dip: These is lo get the accurate dip and strike of the various structures in the field, these is done by selling the compass to a 270-90 position such that the clinometers is on zero to get the strike line, the line pc1p�ndi�ul<1r to 1hese strike line is the dip, and the amount is 
measured. 

3.4 Laboratory Method 

Knowing that the results collected from the field arc tentative and are inferred there is need for 

them to be �onfirmed using the appropriate meth•)••, in the laboratory, this studies involved the 

Petrographic Study: Petrographic analysis involves the description of a rock sample in thin 

section using the optical microscope in the lab. This is more detailed than the macroscopic stud y, 

which involves looking at the rock sample with naked eye or through a hand lens to observe the 

color, texture, mineralogy and composition. This is known as hand specimen study, the 

structures can also be seen such as foliation, banding, cross bedding etc. Under the microscope 

the sample is viewed both under plane and cross polarized lights. Properties analyzed under PPL 

are color I h · 1• f and cleavages shape, alterations while those analyzed under XPL 
, p eoc ro1sm, re 1e , 

ar · · , d t' ction angles resolution. e twmmng, interference co1ors, an ex 111 
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tory Procedure for Thin Sectioning 
Labor• 3.S 

. tl tho· ""'Pl• lo bo "'°d fo1 Ibo th;, '°'<liOo ;, '°l«kd. l" '<l•<tioo fi�, ""'Pl" � 

firs y, 

,i, lo gi" mo" '""""'"'°" of <ho look "''" lhoo "'"' ""'''" •lro "'""""'� 

chosen so 

, 
re taken such that is shows all or almost all of the minerals assemblages for each rock 

samples a 

fter selecting the samples then it is taken to the lab where the following processes are 

iype. A 
d to produce the thin section: conducte 

1 Using rock culling machine, cut side of' interest rrom the rock sample. 2 Using carborandum powder. thin the rock chip. 

3 Mark the glass slide using a dia111ond pen 
4 Place the thinned rock and glass slide on heat source for 2-5 minutes. 
5 Using glass rod. mix araldite to equilibrium. 

6 Gum rock chip and glass slide using the araldite. 
J 

7 Ensure removals of bubbles by carefully heating the slide alier pressing out air bubbles using 

forceps 
8 Dry for about 3-5 minutes; allow cooling for about 5-10 minutes. 

9 Damp slide and the rock chip on the grinding machine and grind gently. 

JO Thin carborandum powders, after grinding while observing on petrographic microscope 

I I Take thinned glass slide to hot plate to be scrapped to the size of the cover clip. 

12 Gum the glass slide to the cover clip using Canada balsam 

13 Eliminate air bubbles by gently rubbing the surface using mounting pin 

14 K · eep to dry for two days 

IS W d irit and allow it to dry 
ash slide using detergent and methylate sp 

16 Label sl;de ;eady for further studies. 

2 1  
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tions to be taken in thin section pr d . prte•U 
o Uct1on include: ake care not to break the glass slides When th· . 

1. T 
inning and grinding. re to remove all air bubbles in the slide 

2. Ensu 

Take care in applying the guin not to affect the import r . 
3. 

ant •eatures of the sectton. 4. Take care of overheating as it causes cracking of glass. 
6 Slide Viewing Technique under the Optical Microscope 

J. 
The thin section of a sample is lo be viewed in two modes the first with the Analyzer out to 
produce or give the plane polarized l ight in  this 111odc you can view the following properties: 
a. Color 

b. Pleochro�sm 

c. Fonn 
d. Cleavages 

e. Relief 

f. Alteration 

After the above method you now view same slide these time with the analyzer in producing the 

cross-polarized Light, you can see the following propert!es of the minerals in these mode: 

a. Interference colors 

b. Extinction angle 

c. Twinning 
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Fig.6: Design of polarized-light microscopes 

BillOc:ular 
---,cy�) 
Nnlc:J-a..v....i lens 

.. �"..._., ..,..,.,. -Objective turret 
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4,0 Background 

Cl-fAP'fER FOUR 
RESUL 'fS AND n1scuss10N 

. rocks gotten from the lidd w • . fhe vanous 
ere grouped into samples A. B, C, and D. and were analyzed macroscopical ly with th..: aid of the eyes and hand-lenses to sec minerals which are 

. .  1 and later subjected to thin-section (Petrographic) studies under the microscope to 
11s1b e 

· the minerals and other important allributcs like twinning as well as presence or absence 
ascertain 

of certain structures. 

4.1 Macroscopic and Microscopic Studies 

The macroscopic and microscopic studies arc outlined below for each of the samples and also the 

mineral percentages are gotten rrom the various slide stage rotation. The rocks with migmatitic 

structures are analyzed as thus: 

SAMPLE A 

Plate.5: Photograph of hand sample A 
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I< '""""" >o be '�";" '"';" ;,, •hgJ;, "'°"' m;"'"' •hh �� d•>k •1•�1 

fhe salllP 
. . d; "'; "' p ,.,�"" 0 f b;°';" . ,, i;.,;'" ;, ""�"'"' '" '"' '"' ''"' ;, •'"'"'' 

la!IOll In jot ere 

are trending in a pa11icular direction) .  

SalllPle A 

Platc.6a: Photomicrograph of sample A under PPL Pl;lll',6b: Photom1crogr�1ph of sample A under XPL 
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TABLE I .M ICROSCOPIC STUDY OF SAMPLE A 

SfN MINERAL SEEN MICROSCOPIC VIEW OF SAMPLE A 
PPL 

I Plagioclasc -Under plane polarised light; 
the plag1oclase phenocryst is 
zoned. 
-It has low relief 
colourless in PPL. 

and is 

lt occurs as euhcdral crystals, 
colorless and low relief' with 
perfect cleavage i n plane 
polarized light. 2 Orthoclasc . It  is anhedral as to 

subhcdral �r>stal. 
. It is colourless with 

low relief in plane 
polarized light. 

• It occurs as dark grey 
in colour. 

3 Quartz . It is rnonocrystalline in 
nature. 

• It is clear. anhedral in 
form, low relief, 
fractures. display no 
pleochroism, alteration 
and cleavage in plane 
polarized light. 

• It is colourless in color. 
4 Biotite . The biotite is also light 

brown with perfect 

I basal cleavage. 
• This mineral is 

strongly pleochroic, �s 

\ the stage is rotated. 
• It is euhedral in form 

with high relief in 

l olane oolarized light. 

26 

XPL 

• 

• 

. 

. 

. 

• 

The biotite is also light brown 
with perfect basal cleavage. 
This mineral is strongly 
pleochroic, as the stage is 
rotated. 
It is euhedral in form with 
high relief in plane polarized 
light. 

It has a low birefringence 
(first order) in cross polarized 
light. It constitutes about I 0% 
of the entire mineral observed 
in the slide. 

It exhibits a characteristics 
phenomenon known as 
undulose extinction in cross 
polarized light. It constitute 
about 45% of the total 
mineral present in the slide. 

It exhibits a high 
birefringence in cross 
polarized light. It occurs i n  
traces; occupy about 20% of 
the entire mineral 
composition of the rock. 



bl 2. Table showing the counts froni th Ta e . 

$LIDE POSITION I 2 
'QUARTZ 3 4 
'()RTHOCLASE 2 0 
-MICROCLINE 0 0 
ALBITE 3 4 

BOITITE 2 4 

3 4 
0 2 
0 0 
I 2 
I 0 
I 2 

Below are the normalized valu.;s or the minerals in percentage 

Quartz= 1 5/34 * 100%=44% 

Plagioclase=9/34* I 00%=26% 

Alkaline Feldspar= 1 0/34 * I  00%=29% 

Minerals 

5 TOTAL 

6 15 
2 4 
3 6 
I 9 
2 I I  

• Quartz 

• Plagiodase 

• K-Feldsper 

Fig.7: A pie chart showing mineral percentage of sample A 

Relating to Q A p the initial Quartz, Alkaline Feldspars and Plagioclase are 1 5, 1 o and 9 

respectively. Nonnalizing it to 100% we have 44% Quartz, 29% Alkaline Feldspar and 26% 

Plagioclase and are presented in the QAP diagram below and these showed that the rock is 

granitic (granite) in composition. 
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Plate. 7: Phowgraphof hand s:uuplc B 

The rock was susp.:.:ti:d ll' bi: a M ig1natite with a light Granitic part with coarse grained 

(Pegmatitic textur.:l min.:rals 111:1inly Qua11z and Feldspars and a dark gneissic part with high 

content ofbiotite as .:vid.:n.:.:d from the foliation planes which are so many in the mother Rock. 
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TABLE 3: MICROSCOPIC STUDY OF SAMPLE B 

SIN MINERAL SEEN 
MICROSCOPIC VIEW OF SAMPLE A 

PPL 

Plagioclase 
XPL 

I • The plagioclase • It displays polysynthetic-
phenocryst is zoned. twinning and. It constitutes • It has low rel icf and is about 45% of the mineral 
colourless in PPL. composition of the entire 

. Cleavage is  poor in rock. 

PPL. 

2 Orthoclasc • Orthoclasc is the main It has oblique extinction, and • 
I phenocryst. display simple Carlsbad a 

• The feldspars are twinning in XPL. lt 

sev�rcly <>ltcied to · constitutes about 20% of the 
places !'or orthoclase entire mineral composition. 
and plagioclase 
feldspars respectively. 
It is grey, low relief 
and anhedral crystal in 
PPL. 

3 Quartz • It constitute about 25% . [I exhibits undulose 

or the total mineral extinction. 

1 
present in the slide. 

• It is colorless, anhedral 
in form, low relief, 
fracture, displays no 

1 
pleochro ism and 
cleavage in PPL. 

. The biotite is brown color 
Biotite I 4 with moderate relief and 

perfect basal cleavage. 

However, some biotite grains did 
not exhibit cleavage. It 
constitutes about 10% of the 
entire minerals observed in the 
slide. 
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Table 4: Table showing the counts from the various slide positions for Sample B 
�SLIDE POSITION I 2 3 4 5 TOTAL 
QUARTZ 1 1  15  18  13  5 62 

'ORTHOCLASE 4 0 3 2 I 10 
MICROCLINE 0 0 6 0 2 8 
ALBITE 2 4 6 4 4 20 
BOITITE 10 4 6 0 I 21 

Below are the nonnaliz.cd value� ol'the minerals in percentage 

Quartz=62/IOO * 100%=62% 
Plagioclase= 18/ I 00 * I 00%= 18% 
Alkaline Feldspa1=20/ I 00 *I 00%=20% 

Minerals 

• Quartz 

• Plagioclase 

a K-Feldspars 

Fig.9: A pie chart showing mineral percentage of sample B 

3 1  



Relating to Q A p the initial Quartz, Alkaline Feldspars and Plagioclase are 62, 20 and 18 
respectively. Normalizing it  to I 00% we have 62% Quartz, 200/o Alkaline Feldspar and 18% 
Plagioclase and are presented in the QAP diagram below and these showed that the rock is 
granitic (Quartz-Rich Granitoid) in composition. 

Quartz • a Q11ar1·1.-md1 Griinlcoid 

Alkali Feldspar Monzos-t>bn) 

Fig. I 0: QAP diagram of sample B Showing its composition as that of Quam-rich granitoid 

SAMPLE C 
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Plate.9 photograph of hand Sample C 
It is a light colored, it has traces of brown and few dark colored minerals. The rock is fine-

medium grain in texture. Feldspar crystals fonn the porphyroblastic grain and it constitute 
dominantly in the groundmass. The rocks compose of feldspar, quartz and biotite in order of 

abundance. Foliation is observed at the surface of the rock. 

Plate. I Oa : Photomicrograph of sample C under PPL Plate. 1 Ob:Phoromicrograph of sample C under XPL 
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TABLE 5: MICROSCOPIC STUDY OF SAMPLE C 

SIN MINERAL SEEN 
MICROSCOPIC VIEW OF SAMPLE A 

PPL 
1 Plagioclase XPL 

• It has polysynthetic twinning . 
2 Orthoclase • It is grey in color. • Orthoclase is colourless . • It has low relief. . Pleochroism is absence . • It constitutes about . Cleavage is absent. 

1 5% of the mineral • The form is subhedral and 
present in the slide. relief is low. 

3 Quartz • It is clear, anhedral in • It exhibits a characteristics form, low relief, phenomenon known as 
fractures, display no undulose extinction in cross pleochroism, alteration polarized light. It constitute 
and cleavage in plane about 30% of the total 
polarized ligh·t. mineral present in the slide. 

• It is colourless in color . 
4 Biotiil� 

- - ------

It exhibits parallel extinction . • It is clear, anhedral in . 

form, low relief. 
fractures, display no 
pleochroism, alteration 
and cleavage in plane 
polarized light. 

• It is colourless in color . 

Table 6 :  Table showing the counts from the vnrious s!ide positions for Sample C 

SLIDE POSITION I 12 1 3  1 4  
QUARTZ 4 J 6 
ORTHOCLASE 3 I <; I 1 1 3 
MICROCLINE 4 

ALBITE 4 1 3  1 4  
BOITITE 1 2  l 4 I 3 I 3 

Below are the normalized values of the minerals in percentage 

Quartz=25/79 * I 00%=32% 

Plagioclase= I 9179* 100%=24% 

Alkaline Feldspar=35/79 * I  00%=44% 

34 

1 6 

1 2 

TOTAL 

25 

1 8  

17 
19 
24 



Minerals 

• Quartz 

• Plagioclase 

• K-Feldspar 

fig. I I :  A pie chm1 showing minernl percentage of sample C 

Relating to Q A P the initial Quam, Alkaline Feldspars and Plagioclase arc 25, 35 and 

91 9respectively. Normalizing it to l 00% wc have 32% Qua11z, 44% Alkaline Feldspar and 24% 
Plagioclase and is presented in the QAP diagram below and these showed that the rock is granitic 

(granite) in composition. 

Alketl Feldmp•r 

Quartz • • Graniu• 

Fig.12:QAP diagram of sample C Showing its composition as that of a granitic rock 

SAMPLE D 
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Plate. I I :Photographs of hand sample D 

The rock is the granitic-Pcgmatitic part of the migmatite found in the area, it shows a coarse

grained to medium-grained in some pans. it has less biotite and has feldspars and quartz as the 

dominant minerals. the rocks coexist together with the main migmatite in the area, and are hard 

to differentiate or separate. 

Platc.12a: Photomicrograph of sample D under PPL Plate. 12b:Photomicrograph of sample D under XPL 
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TABLE 7: MICROSCOPIC sruoy OF SAMPLE D - -

,� MINERAL 
SEEN MICRoscop1c VIEW OF SAMPLE A PPL 

I Orthoclase XPL 

. It constitutes about 15% of the entire mineralogy observed in the slide. 2 Quartz • It is 111onocrystalline in nature J and it constitutes about 30% of the total mineral present in the slide. 
• It is colourless, pleochroism is absent. 
. Cleavage is also ab:.eut. • The fonn is anhedral and the relief is high. Biotitc • This mineral is strongly . This mineral is strongly pleochroic pleochroic in shades of brown to in shades of brown to dark brown, as 

I dark brown, as the stage is the stage is rotated. rotated. . It occupies about 20% of the entire . It occurs in traces. occupying mineral composition of the rock. about 20% of the entire m!nPr�l 
composition of the rock. MICROCU 

. Under crossed polarized light, 
NE 

interference colour is grey to white of the first order. Extiction is parallel 
I 

and twinning is Carlsbad. It I 
constitutes about I 0% of the entire ' 
mineral composition of the rock. 
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Table 8: Table showing the counts from the various slide positions for Sample D 
SLIDE POSITION I I 

3 4 QUARTZ I I  5 7 4 ORTHOCLASE 2 5 7 4 MICROCUNE 2 8 1 2  5 ALBITE 3 2 
BOITITE 2 0 10  
Below are the normalized values of' the minerals in percentage 
Quartz=32/I OJ * I 00%=32% 

>Jagioclase= I 51 I 0 I * I 00%= I 5% 

\Jkaline Feldspar=5411 0  I *I 00%=53% 

Minerals 

. 1 3: A pie chart showing mineral percentage of sample D 

6 

4 

2 

• Quartz 
• Plagioclase 
• K-Feldspar 

TOTAL 

32 

24 

30 

15  

ating to Q A p the initial Quartz, Alkaline Feldspars and Plagioclase are 32, 54 and 1 5  

<ectively. Normalizing it to 1 00% we have 32% Quartz, 53% Alkaline Feldspar and 15% 

joclase and is presented in the QAP diagram below and these showed that the rock is granitic 

1ite) in composition. 
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ig. l 4:QAP diagram of sample D Showing its composition as that of a granitic rock 

.2 SUMMARY OF PETROGRAPHIC STUDIES 

1 summary, it could be deduced that the migmatitic rocks in these area poses a granitic 

operties suggesting and supporting the work of Ferre and Caby (2006) that says the migmatite 

the study area are Pan-African posing same prope11ies as those of the Pan-African granites. 

l the migmatites of the study area hence tends to fo1m one type of granite or the other and in 

mposition it gives the monzogranites which is the dominant type of granites in Bauchi Area 

: to contamination from the qua11z monzonite (Bauchite) magma according to Oyawoye 

'65). All the information gotten from the petrographic studies opens a thought to suggest these 

!llllltites as different from the Ebumean Migmatites since they somehow poses the granitic 

perties of the 550±100 MA granites hence suggests same age. 

Structural Geology 
ctural geology is essentially the study of the geometry of geologic structures, how these 

;tures were formed, their significance to the geologic study of an area, as well as their 
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elationship to plate tectonic motions. These structures include veins, joints, faults, intrusive odies, and xenolith (Ragan, I 969a). 

3.1 Veins 

iese are structures formed as a result of infilling of fractures and joints by later fanned nerals, or they are generally narrow, elongated or tabular bodies of economic minerals fanned hydrothem1al deposits due to the deposition of hydrothermal fluids in fissures and cracks of \lltry rocks. These veins are common features of the mapped area. 

ing the course of the fieldwork, veins of different set of minerals were observed. These set of 
:rats appeared as fissure filling deposits on a rock. Vein are tabular or sheet-like body of one 
ore minerals deposited in openings of fissures, joints or faults, sometimes with associated 
cement of the host rock. They are believed to form when aqueous solutions migrate through 
es in rock and deposit minerals onto the fissure walls. The newly mineral species 
•itated onto rock walls thereby leaving the wall rock unaltered. 

filling of quartz or aplite sometimes protrudes above the rock containing them , this could 

to differential weathering showing that quartz is.more resistant than the other minerals in 

:t rock. In some place they occur in large boulders, some measure up to 3cm wide and 

cm long, they are sheared, scattered and disintegrated and have undergone significant 

ing .The composition is mainly quartz. 
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4,3.2 Joint 
. are fractures in rock along which there h . 

Joints 
as been l ittle or no observable movement of one f the rock relative to the other Para II I I · . 

side o 
e to t 1e Joint surface (Plate 15-and l6). Joint in a rock . 

as a result of many geological Processes. They could be due to shrinkage as a result of 

JS 

emplacement and cooling of igneous pluton. While some could be as a result of stresses 
loped by unload of near surface rocks or over-burden Joint can therefore, be said to act as a 

deve 
· 

records of past events that took place in a geological cnvi ronmc111, hence help in interpreting 
rock history. Joints in the study area arc present 111 all t he roe types cncou 

. k ,. . 11tered in the study 

area. 

These joint were observed on the coarse grained porphyritic granites trending between the 
granitic rock quartz a nd apalitic lillings some or the joints. The jointing and fracturing on the 

granite gneiss and migmatitc could be as a result of intrusion of later rocks in fonn of dyke and 

shear stress by tectonic movement. It is not iced that mostly all the varied granites in the study 
area are severely jointed and type of joints observed arc the tension joint. The rock in the study 

area is sometimes heavily jointed but jointing patterns arc rather poor. 

Piate.15: Joint in  granite. 
Plate.16 Joint in migmatite 
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Fig.16: Showing the Rose Plot of Joints on granodiorite. 

4.3.3 Dykes 

· The dyke structures observed in the study area are mostly dolerite in origin or composition. It 

1 it fine-grained texture, and dark coloured mineral, forced through the vertical or near 

��· . 
. 

venical cracks or fissures at the surface of low lying graniteoutcrop inthe study area as seen in 

plate (17). The Dolerite dyke was found about I0-30m length that range in thickness from 1 2cm 

to 23. l cm, and is trending NW-SE direction. 
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()jscussion 
µ.' 

<'I. study area (Gubi and its environ ) . . 11•( S IS a pow f . (P �, o th . p�r proterozotc an African 0 e nonh-eastern b 
�ng u ' rogeny 60CH, I SQ Ma . asement rocks emplaced . 

d . . ) tn Bauchi B h' 
microscoptc escnpttons with Phot . • auc 1 state, Nigeria. the 

. 
oni1crographs of the . er. These represent rocks frorn areas h 

maJor rock units are shown · th' 
dtil't 

w ere stud' in is . . B. . tes were perfi ks units(Mtgmaute, tOttte granite.Granite . 
. . 

orrned. These four (4) major 
roC • &ne1sses,Btotne . . . . ud.ed area are described and explained . . 

&ranne gneisses) existing in the 
� 1 

in detail with res . . opic features which shows th . pect 10 their macroscopic and i!llcrosc e respecttve miner 1 • . . a s present m each of the above rock pes Therefore, mtgmattte covers about 60% of th � · e mapped area and are the highest abundant 'ollowed by granite gneisses which covers about 30% in abund Th b' . . 
' 11 

ance, en 10t11e granite covers the remaining I 0% of the rocks in the study area. The petragraphic study of the rock samples collected revealed the following essential minerals such as quartz, biotite, microcline, orthoclase ll!d plagioclase. However, according to quartz alkali-felspar plagioclase diagram (QAP Di.lgram) the migmatite possess a granitic �omposition (manzogranite), biotite granite and 
iranite gneisses possess monzogranitic composition. 

MetamorJ,hism has been observed in the study area and is evident by the presence of structures 
. 1 M · scopic studies show that the such as foliation separation of felsic and mafic mmcra s. icro 

d h 

, 
. e undulose extinction exhibited by quartz an t e rocks have undergone metamorphism. Th 

. ved the phenomenon of re-. . . articles m feldspar pro 1ndusions of tiny quartz and Biollte P 

f dia nostic index minerals made the 
f minerals. The lack o g 

f 
Cl)stallizatfon and rearrangement 0 

. F these evidences and the type 0 
. d facies difficult. rom 

. I 
rtcognition of metamorphic zones an 

h tudy area was affected by regiona 
mcks within the area, it can therefore be established that t e s 

111etarnorphism. 
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5.0 Conclusion 

CHAPTER FIVE: CONctus10N ANO •tcoMMEN oATl oNs 

I ·on as deduced from the Petrogra I · . d '  . . . 
'" "'"' "" 

' p "' 
"" '" ""' ,,, "'""" "' '"' '""· " " =· "" 

0, p.,,-Afrio� Mig<no1; ,, i o  <ho "" w,. fo1mod ., , ""'" or <he •�ioo "''�'" < h<  '"""" 
· I lh" i"'rudod <ho "''" io <ho '"' ""' l<d lo m"""'�hi'" lo�iog g�il<-"''"" 

mat en a 

and migmatite structurally . In fact the struct ural ana lysi s,  Petrograph ic studies and field st udi es l each other. I 1:.onclude based on the d: l l<• gotten i n th is research that: 
supplemen 

I. The Pan-African 111ig111atitc are i n  most cases fonncd by a lteration of schist belt by granitic 
material as the study area has some indication of schist extension confirming this possibility 
and also\he trend of foliations confirms these. 

2. The reactions between the Schist and the magma lncally give complex 111igmatic structures 

which might look like the Eburncan migmatitc but compositionally and structurally Pan-

African as its field relation distinctively shows it as Pan-African after some work of 

prominent researchers like Eric Ferre (2006). 

3. The band' h' I . mg w IC 1 IS convolute confirms the rock to be migmatite and also structural and 

textural analysis showed the rocks to be low- medi um grade metamorphism and also the 

structural analysis shows slightly folded, bent layer at 450 (from Donal Ragan Structural 

geology 2009)which coincide with a low :... medium grade metamorphism the rocks thus 

named · th . . 't'c rock (which underlies the area and also intrudes the 

tn e area• are mtrusive gran1 I 

schist to form migmatite), metamorphic granite gneiss and the migmatite. 
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s. mendations 1flecom . 
d n the Research conducted and fieldw k 

oase 0 

or ' I Strongly 

� 

"'°''""""' follow;,,. 

research should be carried out on the geolo ,. . 
1. M"" 

gy or N '""" """'" <ompb '"" """' 
endments to the old researches th� t c � . 

""' "" 
· °' '"' " •h< fi<ld, • ,;, .,,;,, wh<re yoo "< 

· different and you are rnade to ber · 
· 

,,m•hmg 
"" " " " "'' Md "'" wh., yoo "' ;, """"" 

to literatures. 

2. fhe SU 

, 

t dy '"" ;, • "'<Y BOOd "°" '"; ol I°' pol; •hod "''" "' "' ru.d '''" '"' �" "'"" b< 
used to ma , ke tiles hence the govcrn111ent or private sector should invest productively into these. 

l. Although no mineral of economic value was encountered in the work, but there are prospects of such and further studies of the study area should be conducted for any existence of such. 
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