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‘ABSTRACT

The study area lies between latitudes 10° 26’ 00” N to 10° 29’ 00”N and Longitudes 9° 47’ 00"E
to 9° 51" 00”E, the minerals observed in the rocks in hand specimen are quarlz, 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, microcline, plagiociase, 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 orogeny.
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CHAPTER ONE

INTRODUCTION
1.1 Background of the Study
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 1¥ 26°00” and N1¢ 29°00” and Longitudes 9 47°00”E and 9 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+ 100ma (Ferre C.E, 2006). At the end of this study more
advances and conclusions as to their occurrences, tield relations, structural interpretations as

Well as petro graphical information of the various 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-Westermn 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 Gubi, Bauchi state.
This information includes 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 attemipt o usc surface mapping, structural analysis and

petrographic studies 1o classily, analyze and provide more information on the Migmatization in

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 N10°26°00” and N 10°29°00” and Longitudes ¥ 47°00”E and
90° 51’00 as seen in figure 1. Even though the' work was done in the rainy season the area was
quite acces‘sible 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 tailest outcrop within this area has an elevation of about 657m above sea level.




Fig.1: Index Map of Nigeria showing Bauchi

1.6 Relicf and Prainage

The area has appreciable relief and is characte;ized by high and low level outcrops. Most of the
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 formsa dam (Gubi dam) in the area.




CONTOUR MAP OF THE STUDY AREA
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Fig.2:Contour map of the study area
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Fig.3: 3D map of the area showing elevations

1.7 Climate and Vecgetation

The climate of the study area consists of a wet (rainy season) which extends FromMay/June to
october with a temperature range ot 25 to 37 degree Celsius (Data from NIMET 2004) and a dry
season which is characterized by the harmattanfonm november/december to april/may as with a

temperature range Ot 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

j nd use in th rea is f i g attle rearing (Gl'aling) in some places not used
The major la d the area armin and Catt
: i rpose h P uct 0 1 Weathbl' g f the rocks in the area [)I'OVideS fertile
for the farmmg pu . The rod f the Ing O
| e dar i 2 i il moisture. These 1wo factors make the
i r f i systems PlOVIdeS SOl 1Stul f:
soil for farming and th drainage h

area agyiculturally viable.




The settlement here js mostly nucleated With scattered villages. The prominent village in the

Bl sl ths Gub; viliage and the Rudiyusa villages




CHAPTER Twg

LITERATURE REVIEW

2.0  The Geology of Nigeria

Nigeria is situated in the West . i
Ailiisan sub-region and lies between longitudes 3° and 14° E and

latitudes 4° and 14

N. ,
1thas a land mass 0f.923,768 km?. It is bordered to the north by the

Republics 9(’ Niger and Chad and to the west by the Renublic of Benin, It e

boarders with the Republic of Cameroun down 1o the shores of the Atlantic ocean forming the
southern limits of the Nigerian Territory. About 800km of 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 tropicat 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 10°C. The
climate is drier further north where extremes of cinperaiuic may range from 40 to 50°C.

The geology of Nigeria is made up of three major litho-petrological components, namely; the

basement complex, 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-

east 0O

Fr, i t which was affected by the 550 + 100 Ma Pan-Aftican Orogeny. The entire belt
ansciscocratons

ies i . ] West-African Craton and the active Pharusian Continental

lies in the reactivated margin of the

Dewey 1972; Black et al., 1972; Cabyetal., 1981).
ewey, 3

margin (Burke and




Northern Nigeria accordin :
g to past ]llCralUreS belongs 10 the Precambrian Basement Complex

and is underlain by five magi
n MaJor rock groups with (he following relationships according to
Olanrewaju (1976):

Volcanic: - Proterozoic-Quartenary

Younger Granite Complexes: - Triassic-Cretaceous
Older Granites: - Pan-African (5504 100 Ma)
Younger Metasediments: - (Schist-Belt)

Migmatite-Gneiss Complex: - Eburnean.

One of the earliest works on the basement complex ol Northern Nigeria was done by Falconer
(1911) during the general economic mincral survey of Northern Nigeria. During this survey he
encountered the unusual Fayalite-uartz-Monzonite at Bauchi town which he described as a
coarse-grained Augite Syenite.

Subsequent work by Bain (1926) cstablishcd thi= nnusual rock which belongs to the older
grainile 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., (1963) discussed the older granites of Bauchi provinces of Northeastern Nigeria. He

described veins of porphyritic biotite-hornblende-granite which cut and in piaces replaced tine-
escribed veins O

d that the fine grained granites are the oldest members of older-

grained pranites. He suggeste

granite suite.




Marno (1971) however found ¢ , 5

{ . arter’s Suggestions gs unusyal. Furlhermore, Carter (1963) also

described Quartz-Diorite which belongs to (he m
older-

- granite Series. Mac-Leod et al., (1971)
compared the similarities between the Raen
-quartz

-diorite and the Toro- Hypersthene Diorite.
They were all found to Posgess similarigjes

11 (1976 ked o :
Eborall { ) worked on the ntermediate rocks from the older granite complex of Bauchi Area,

thern Nigeria. She aih - )
Nor g recognized porphyritic Biotite-Hornblende granite, quartz, Hypersthene

iorite. migmatite iesse o ¢
B i s s and gnicsses. She als suggested that the complex grades outward into a less

mafic rock.’

Kogbe (1989) worked on the geology of the northern part of Nigeria. He described the northetn
Nigerian as underlain by gneisses, migmatites and metasediments of Precambrian age which
have been intruded by a serics 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
Burimian 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

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

North-west Nigeria (Rahaman, 1989).

I b t rocks and the younger Supracrustal cover are series of basic,
ntrusive in the basemen

n as the older granites. The youngest rocks in the

. ‘e : know
intermediate and acidic plutonic rocks




area l)elong toasg lite of 9
! OICamc rOCkS intr ded
into ol

o : ; - der granite bodies during the lower
OZOIE EPEIOBENIC uplift following (pe Pan-Afii ;
“AITICan orog

Pale
eny.

east two ph hj] i
At | phases of Jighy 150clina] folding hay
metasediments and the b e e =X

€ basement pnej
gneisses. These deformational episodes were accompanied by
progressive regional metam i

Orphism and followed by phases of static metamorphism. Pressure-
temperature  conditions i ;
P IEManiessentiallys constart throughout  both ~ deformations

Accompanying migmatisati o
g Mmig sation and granitisation of the basement gneisses is the intrusion of a

suite of syn to late tectonic pranjtes 2
Y clonic granites. The closing stages of the orogeny were marked by cooling

uplift and fracturing and by the intrusion of high leve! 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 of granites which includes coarse porphyritic Biotite-Hornblende-

granite, medium- coarse grained biotite-homblende- granite, medium grained biotite and

leucocratic granite (dababe granite) and fine grained leucogranite and biotite granite.
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Fig: 5.Map showing Basement Geology of Nigeria (Adopted after Obaje 2009)

22 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, 1988). 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 heat from this intrusion led to a metamorphism that formed the later

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

However agcording to Oyawoye (1965) Who said much work has not been done in the area ag

Quoted “I share the reluctance of modern petrologists to propose new variety names for rocks”,




Agmatite (Mehnert, 1968). " freg shobsitkiasiat S RS 008

Agmatites are of sporadic i
g and rather |imiteq occlirrence and the isotope count in them shows
618Ma (Dada et al., 1993) Th ’ )
€ early pneiss ang other ultramafic rock are cut into irregular
blocks by the granitic com
Mponent. In aregs around Bauchj where they are well developed they

show dikyonitic structure (O)’aWOye_ 1964 and Mchnert 1968)

a discussion on t S roale e
In & n on the Bauchite-Biotjte hornbiende granite transition by ®yawoye (1961) he

) that t S ¥ e : .
sugeested that the charnockitic rocks (Bauchite) are formed under local pyroxene-hornfelsfacies

conditions in regions ol amphibaolitestacics metamorphism (Oyawoye, 1965). These conditions
may be induced either by a reduction in pressure with the concomitant rise in temperature
and/orby the introduction 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) mineral assemblages.

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

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

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

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

Whid ist mainly of granite-high'gfade gneisses and migmatites which are cut by large Pan-
ch consist ma

i . d 97).
African molnzogranite plutons (D_]Ouadl etal., 1997)

Cameroon iine to the area between Kaduna and Jos (Ferre

3 " g e
This eastern domain stretches from th

transect situated to the east of the main terrain boundary
r

and Caby, 2006). This Jos-Bauchi

13




the composition are 638 + 3
ma and 585 + 7 ppa (Pada and Rerpant, 1989: Dada et al., 1989;
Ferre et al., 1993). The close ; . ;

relationghi
s g .
Ps between the regional anatexis and emplacement of

syn-kinematic plutons from the zodiori
the Monzodiorite-charnockite association strongly suggest that this

area underwent a monocyclj o
cyclic metamorphic history (Ferre et al., 1989). This is in agreement with

del ages of 1. ai : .
model ages 1.8Ga obtained on Tjde Fulani migmatitic metasedimentary rocks by Dada

(1998). It further establishes that the source of the sedimentary rocks is younger than Late

Palaeoproterozoic, and stre 3 or a si i }
p ] 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-Leod et al., 1971; Deleris et al., 1996). High grade
metasedimentary rocks reached granulite facies 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 barlc.)metric conditions 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 atz, 'SIEES
a

i il : (Wright, 1971). It has in place biotite-muscovite granite which form
mages and previous maps )

ional structures suggesting a syn-tectonic emplacement, and

elongated pjutons paralfel to the reg




- 1998).

The Neoproterozoic Trans-Sahar .
o Belt in which the study area fals withi d
. ’ s within was suggested to be
formed between 780Ma ang 5gg
Ma by aceretion of (erraing between the converging West

African Craton, the Congo Crato
N and East Saharan Block, which was probably a craton until

700Ma (Black and Liegeois, ;
1993) when it was widely and largely reactivated, except in few

areas.

Extensive sampling of metascdimentary gneisses of the Bauchi area (Jos-Bauchi transect) has
revealed several occurrences of granulite facies rocks within high temperaturc amphibolitestacies

rocks and anatexites (Ferre and Caby, 2006

2.3Summary

In summary it is deduced from the literature that

1. The Archean basements of this area as sighted by previous work underwent high grade

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

2. The JOS‘_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 (Fericand Caiges

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

; . itions.
may reflect a constant granulite facies conditio

] tamorphic conditions and anatexis are
! : i that high grade me
4. The Bauch vides evidence
: uchi area pro

| amphibolilesfacies conditions and local contact

: ional
met by the combination of widespread reg

15




hism due to pjy
metamorp Piuton emp]acen
ent. Hence

shows the 350100 Ma ages (perre Caby, 2005,

Mest basement jf

not all of the study area




The altitude: vaine. 7
¢ altitude vajues (Statement of dip and strike) of the

-arieus structures in the fie ore ol
va Id were (aken and (he stereographic projection of the strikes and dips
were plotted,

3.1 Materials

The apparatus used in the course of (lie field work and lab work include

Laboratory Apparatus
1. 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 pet

2 Counting Net




e et e

3, Over Lay tracing sheets
4. Pencils and Eraser

3. Plane sheets

6. Office pins

7. Masking Tapes

8. Rotring pens and Ruler

9. Caleulators

Plate: 1: Ruler

- D

Plate:-hCompass clinomcire

. iPS)
Plate:3:Global Positioning System ol




ese materials were all il od i
These lMLd n Varigus proces
SeS in the fj
e fle

sudy to analyses the rocks of (he area d and laboratory as well in desk

12 Metheds

vethods employed in the course of 1he

work ¢ s -
¢an be broadly diviged nto two, which are field
methods and the laboratory Methads,

3.3 Field Mcthods

ese are the various me e
Th ncthods emploved i qhe ficld to acquire data, take samples and also

interpret in the field. These incluge yhe following:

2. Birection And Bearing: The bearing ol various outcrops were measured using the compass
and the location. elevation. courdinates in terms ol fongitude and latitudes using the GPS(Global
Positioning system) usually in the Mini datum contiguration mode, Compass alongside the
Clinometers is used in taking the dips and strike ol the beds. the clinometers give the dip angles

and the compass gives the Strike angles.

b. Distance: Bistances between one location and another is taken using the GPS (Global

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

references

¢. Rock Sampling: Rock samples ar€ taken using the geologic harmer, aifccii LY

aith ken It is labeled and Jater described in terms of lithology as well as in their
might have been taken

o analyzed from the samples gotten

: re als
: g between them a
mineralogy, textures and relationship

from the field.

adopted and the following steps were applied:

that was
Ground transversing was the method

3 ta.
collected da
- The investigators first observed and

10




. Then formulate a hiypothes;s 10 explaip I
the Collec

4 ted data ye;
physical properties ofsamp]eS taken Using strucyyres sebm ionelgmll

- The test of the hypothesis i the laboratory | o
ustn

d. Measurement: he measur,
tal €n Llsmé, rulers,

e. Line Of Zero Dip: These ig . )
p 15 1o get the accurate dip and strike P Vi et

field, these is done by selling the Compass to a 270.9¢ Position such that the clinometers is on

zero to get the strike line, the Jine Petpendicular to these strike line is the dip, and the amount is

measured.

3.4 Laboratory Method

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

them to be confirmed 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 study,

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

eslor, texture, mineralogy and composition. This is known as hand specimen study, the
s )

e : oss bedding etc. Under the microscope
foliation, banding, cr
slructures can also be seen such as ‘
h h under plane and cross polarized lights. Properties analyzed under PPL
the sample is viewed both under
i i alyzed ynder XPL
lief, and cleavages shape, alterations while those analyzed y
are color, pleochroism, relief,

nd extinction angles resolution.

aTe twinning, interference coiors, 2




tory Procedure f !
15Labor® ®r Thip Sectign:
: .nlng

gy the'sample 1o be raEE
G for the thin
Sectio

i n s sele
‘ inf Cled. BT
i B o mform*fllion of the In selection {iner samples are
rock

rath

€r than ¢q
amples are taken such that s shows arse samples, also representative

all or almogy all

. Wtk |
tpe. After selecting the samp] then nerals assemblages for each rock

it is laken
10 the lab w}
ere ‘
conducted to produce the thin sectiqn. the following processes are

I Using rock cutting machine, cut sige of interest from y|
1¢ rock sample.

2 Using carborandum powder, thin the rock Chifi
3 Mark the glass slide using a diamond pen
4 Place the thinned rock and glass slide on heq source for 2-5 minutes,

5Using glass rod, mix araldite to equilibrium.

6 Gum rock chip and glass slide using the nmldivtc.

7 Ensure réxnovais of bubbles by carefully heating the slide atier pressing out air bubbles using
forceps

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

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

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

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

et |
12 Gum the glass slide to the cover clip using Canada baisam

i ing mounting pin
13 Eliminate air bubbles by gently rubbing the surface USIng

14 KCCI) o dry for two days | i
i+ and allow 11 10 &I
5 Wash stige using detergent and methylated spirit &%

16 Label slide ready for further studies-

21
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l,,eca"'io ns to be taken in ¢h;,

sCoti
Ctipp Dl‘oduCtion inclyge.
|, Take care not to break the p|ag :

S slides Whep, thin

: ning anq s
7 Ensure L0 remove all air bubbles i, the slige &rinding,

3, Take care in applying the gup, 0, 10 affect he ;
: m

| . Portany featureg of the section.
4 Take care of overheating a5 j; Caugeg cracking of
: 0

glass.
3.6Slide Viewing Technique unge, the Optical Microscope

The thin section of a sample s 19 b, Viewed in two modes the first with the Analyzer out to
produce or give the plane polarizeq Hight in this mode you can view the following propertis:
a. Color

b. Pleochroism

¢. Form

d. Cleavages

¢. 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 properties of the minerals in these mode:

3 Interference colors
b Extinction angle

. Twinning

i

22




Fig.6: Design of polarized-light microscopes
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AND DISCug
Sslen
wﬂackground

The various rocks gotten from the Jjelg W

Cre prouned
. grouped ino samples A, B, C. and D. and T
anelyzed macroscopically w

ith the aid of
of the eve .
the cyes angd hand-lenses to see minerals which are
visible and later subjected 1o thin

-sectjor 2 =
on (PUT()gr.th\c) studics under the microscope 10

scertain the minerals and other importan autributes like twinning as well as presence or absence

of certain structures.

41 Macroscopic and Microscopic Studics

Themacroscopic and microscopic studies arc outlinedbelow for cach of the samples and also the :
mineral percentages are gotten from the various slide stage rotation. The rocks with migmatitic

siructures are analyzed as thus:

SAMPLE A

mple A
‘anh of hand sa!
. Photog"ap
plate.5:




mple suspected 10 pe o
The samp 0 be gy anite Eneis,

its g4
B aligp .
e 7 1 indica s Coloyy i
interclatior Ung presenge of biogite , T minera) yigy SO Bhsi
- FOliatigy mineral
NS Obgur
Serv

nding in a particular gipe. .: ed 2
are trending in a p  dircetion) o the rock (thay i minerals

sample A

Plate.6a: Photomicrograph of sample A undes PPL Plaute.ob: Photonmcrograph ol sample A under XPL
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TABLE 1.MICROSCO

PIC STUDY oF SAMPLE A

[ MRERAL SEEN MICR®SC®PIC VIEW ®F SAMPLE A
PPL XPL
| Plagioclase -Under planc polari = - - -
e pla lL polarised |18h'll * The biotite is also light brown
pdaUOC ase phenocryst is with perfect basal cleavage.
-Z](t)neh. | A \ e This mineral is strongly
as low relief and is pleochroic, as the stage is
colourless in PPL, vomied!
‘goﬁ)c_iuré as euhcdral crystals, e It is euhedral in form with
riess and low reliel with high relief in plane polarized
periect  cleavage in  plane light.
polarized light.
2 | Orthoclase * It is as anhedral to e It has a low birefringence
subhcdrat crystal. (first order) in cross polarized
o It is colourless with light. It constitutes about 10%
low relief in plane of the entire mineral observed
polarized light. in the slide.
® It occurs as dark grey
in colour.

3 Quartz * {t is monocrystalline in e It exhibits a characteristics

nature. phenomenon  known  as
o It is clear, anhedral in undulose extinction in cross

lorm.  low  relief, polarized light. It constitute

fractures, display no about 45% of the total |

pleochroism, alteration mineral present in the slide. |

and cleavage in plane

polarized light. |
e It is colourless in color.

4 Biotite o The biotite is also light o gt exhibits a high
brown with perfect birefringence in cross
basal cleavage. polarized light. It occurs in

e This mineral is traces; occupy about 20% of
strongly pleochroic, as the entire mineral
the stage is rotated. composition of the rock.

e [t is euhedral in form
with high relief in

____ila_m)()]lized light.
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TR

2: Table showin
Table ing the counts from the various slide positions for Sample A
or Sample

Below are the normalized values of the minerals in percentage

Quartz=15/34 * 100%=44%
Plagioclase=9/34* 100%=26%

Alkaline Feldspar=10/34 *100%=29%

Minerals

m Quartz

B Plagioclase

B K-Feldsper

S A

Fig.7: A pic chart showing mineral percentage of sample
he initial Quartz Alkgline Feldspars and Plagioclase are 15, 10 and 9

Relating to Q A P the in s _ ¥
i+ 10 100% W€ have 44% Quartz, 29% Alkaline Feldspar and 26%
- izing it 3
respectively. i ow and these showed that the rock is

QAP diagram bel

in th
Plagioclase and are presented 1 €

granitic (granite) in composition:
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S rite - pe
=
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Monzogaddro

A58t Ssiasher

1g 11s cComMpOsition as that of Granite.

Saraplc A nanu

{ampie B
Plate.7: Photographot hand sample B
: o with a light Granitic part with coarse grained
be a Migmatite Wt 2
pected o T
nly Quartz and Feldspars and a dark gneissic part with high
inly Quartz
ch are so many in the mother Rock.

The rock was Sus
(Peematitic texture} minerals ma
oliati es whi
videneed trom the foliation plant
5 evidenee?
28
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TABLE 3: MICROSCQPIC STUDY OF SAMPLE B

[S/N | MINERAL SEEN

Plagieclase

Ortheclase

The plagioclase
Phenocryst is zoned.

1t has low relicf and s
colourless in PPL.
Cleavage is poor in
PPL.

MICROSCOPIC VIEW OF SAMPLE A

—

XPL

It displays polysynthetic-
twinning and. [t constitutes
about 45% of the mineral
composition of the entire
rock.

Orthoclase is the main
phenocryst.

feldspars respectively.
It is grey. low relief
and anhedral crystal in

* ‘The feldspars are
severcly  alteicd 1o |
places f(or orthoclase
and plagioclase

It has oblique extinction, and
display a simple Carlsbad
twinning in  XPL. It
constitutes about 20% of the
entire mineral composition,

PPL.
3 | Quartz « It constitutc about 25%\ o It exhibits undulose
ol the total mineral extinction.
present in the slide.
o It is colorless, anhedral ‘
in form, low relief,
fracture, displays no
pleochroism and
cleavage in PPL.
[P T « The biotite is brown color
4 Biotite

|

with moderate relief and
perfect basal cleavage.

However, some biotite grains did

not
constitutes about

exhibit  cleavage. It

10% of the

entire minerals observed in the

b_/zl—’—/-//ulide.
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18 13 s 62
ORTHOCLASE

3 2 1 10
MICROCLINE 1% 5 S H_'wﬁ
ALBITE 4 6 7 3 20

BOITITE S - : 5 -

Below are the normatized values ol the minerals in percentage

Quartz=62/100 * 100%=62%
Plagioclase=18/100 * 100%=18%
Alkaline Feldspar=20/100 *100%=20%

——

Minerals

W Quartz
m Plagiaclase

m K-Feldspars

le B
Fig.9: A pie chart showing mineral percentage of samp!




e

Relating to Q A P the injtia] Quartz

Alkali

e < \ lkaline Feldspars and Plagioclase are 62, 20 and 18
ectively. Normalizj .

resp! NE 1110 100% we haye 62% Quartz, 20% Alkaline Feldspar and 18%

Plagioclase and are prese ; .
piedinithe QAP diagram below and these showed that the rock is

granitic (Quartz-Rich Granitoid) ip composition

Quartz @ - @uuriz-Rich Granitoid

2
Aixali Syenite /&' / Qusyents [ op ponsonie o Mo Deme
S A"\ Aromoste
5¥x9

N/ Syenis | Wonzonte 1 N5

" = % ) 0] »
Alkali Feldspar = o L Plagioclase

Monzogabbro

Fig.10: QAP diagram of sample B Showing its composition as that of Quartz-rich granitoid

SAMPLE C




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 composc of feldspar, quartz and biotite in order of

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

LaRi under PPL Plate. 10b:Phototnicrograph of sample C under XPL
Plate.10a: Photomicrograph of sam




fer =~ ICROSCOPIC sPutv oF v minig

SN |

1 Plagioclase

3 Quartz,

MINERAL SEEN

2 |Orthoclase |

PPL

eiac T

MICROSCOPIC VIEW OF SAMPLE A

XPL

1t has polysynthetic twinning.

It is grey in color. .
It has low relief.
It ] constitutes  about .
15% of the mineral o
present ia the shde.

Orthoclase is colourless.
Pleochroism is absence.
Cleavage is absent.

The form is subhedral and
relief'is low.

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

4 Biotive

It exhibits a characteristics
phenomenon  known  as
undulose extinction in cross
polarized light. It constitute
about 30% of the total
mineral present in the slide.

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

It is colourless in color.

It exhibits parallel extinction.

Table 6: Table showing the counts from the varicus slide positions for Sample C

SLIDE POSITION 1 7] 3 3 5 TOTAL

QUARTZ 4 6 5 3 7 25

ORTHOCLASE 3 5 1 3 6 18

MICROCLINE 4 3 3 6 1 17

TALBITE Fa 4 5 3 19

BOTITE 5. | ® &
bl |

Below are the normalized values of the minera

Quartz=25/79 * 100%=32%

Plagioclase=19/79* 100%=24%

Is in percentage

Alkaline Feldspar=35/79 *1 00%=44%




Minerals

m Quartz
w Piagioclfase

B K-Fetdspar

Fig.11: A pie chart showing mineral percentage of sample C

Relating to Q A P the initial Quartz, Alkaline Feldspars and Plagioclasc are 25, 35 and
919respectively. Normalizing it to 100% we have 32% Quartz, 44% Aikaline Feldspar and 24%

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

{granite) in composition.

Quartz @ = Granite

ar Deits
Qtz Gabbm.
QuAncihosita

bea
Alkali Syenile Anothosile
5 o
AT, E3 Plagioclase
a ) Monzogabbro ™
Alkali Feldspar

g its composition as that of a granitic rock

Fig.12:QAP diagram of sample C Showin

SAMPLE D




Plate. 11 :Photographs of hand sample D

The rock is the granitic-Pegmatitic part of the migmatite found in the area, it shows a coarse-
grained to medium-grained in some parts. 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.

B 12, Photomicrograph of sample D under PPL Plate.12b:Photomicrograph of sample D under XPL
ate.]12a: Photomi




TABLE 7: MICROSCOpjc STUDY OF sappr 5

S/N | MINERAL

SEEN 4

[P

| [ o
1
[

1 Orthoclase

2 | Quartz * | 1S monocrystajline i nature,
and Constitutes ghouy 30% of
the total miney| present in (he
slide,

i coloyriegs, pleochroism s
absen.
*  Cleavage is 50 absent,
* The form g anhedral and (e
relief s high,
Biotite % "5, miheral is  strongly | e
pleochroic in shades of brown to
dark brown, gs the stage s
rotated, |e
* It occurs in traces, occupying|
about 20% of the entire mineral |
| composition of the rock. I
MICROCLJ | °

NE | j
|
|

37

ICROSCOPIC VIEW OF SAMPLE A

XPL

It constitutes about 15% of the entire
mineralogy observed in the slide.

This mineral is strongly pleochroic
in shades of brown to dark brown, as
the stage is rotated.

[t occupies about 20% of the entire
mineral composition of the rock.

Under  crossed polarized light,
interference colour is grey to white
of'the firstorder. Extiction is paralle|
and twinning s Carlsbad. §
constitutes about 10% of the entire
mineral composition of the rock.



ORTHOCLASE

MICROCLINE
ALBITE

_—

BOITITE

Below are the normalized

values of the minerals in pereentage
Quartz=32/1 0 * 100%=32%

’lagioclase=15/101 * 100%=15%

Alkaline Feldspai=54/101 # 00%=53%

Minérals ﬁ

m Quartz
M Plagioclase

K-Feldspar

.13: A pie chart showing mineral percentage of sample D

ating to Q A P the initial Quartz, Alkaline Feldspars and Piagioclase are 32, 54 and 15
ectively. Normalizing it to 100% we have 32% Quartz, 53% Aikaline Feldspar and 15%
ioclase and is presented in the QAP diagram below and these showed that the rock js granitic

iite) in composition.
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Mon 20000 Do ot 8

1g.14:QAP diagram of sample D Showing its composition as that of a granitic rock

2 SUMMARY OF PETROGRAPHIC STUDIES

1 summary, it could be deducced that the migmatitic rocks in these area poses a granitic
operties suggesting and supporting the work of Ferre and Caby (2806) that says the migmatite
the study area are Pan-African posing same properties as those of the Pan-African granites.
1 the migmatites of the study area hence tends to form one type of granite or the other and in
mposition it gives the monzogranites which is the dominant type of granites in Bauchi Area
s to contaminatron from the quartz monzonite (Bauchite) magma according to Oyawoye
165). All the information gotten from the petrographic studies opens a thought to suggest these
matites as different from the Eburnean Migmatites since they somehow poses the granitic

perties of the 550100 MA granites hence suggests same age.

Structural Geology

- o essentially the study of the geometry of geologic structures, how these
ctural geo

reés wer r igni ic study of an area, as well as thei
ure: ¢ i ficance to the geologlc stud; ¢
ot ere formed, their stgnt
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elationship to plate ¢ i
€Clonic 4
motions, Tk
0 €S€ str

p uctures i 2 e s . .
odies, and xenolith (Ragan, 1969 ) include veins. joints, faults, intrusive
> a).

3.1 Veins

1€S€ are structures f
ormed ag 5
result of jnfilli
n

of £ u
nerals, & of fractures and joints by later formed

or they are generally parroy,

elon - A
gated or tabular podies of economic minerals for

d
hydrothermal deposits due to the de 2

Ositio ids i
ntry recks. Th p n of hydrothermal fluids in fissures and cracks of
! it - €se i

VEINs are common features of the mapped area

ing the course of the i

fieldwork, ve; " difie

eldwork. veins of different set of minerals were observed. These set of
:rals appeared g fissure 3

Ilin i 4
g deposits on a rock. Vein are tabular or sheet-like body of one
ore minera

Is dEp()SI[C ir openin 0 ure 0! w assoclated
d i = e i)
penings of fiss res, )oints or fauIls, S metimes ith i
C I (© re believe rm
ement of the host ock. Th Y are believi d to fol m wi

hen aqueous solutions migrate through

es i X i i
In rock and deposit minerals onto the fissure w

alls. The newly mineral species

iatated 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
it 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.

i
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sule - Wedges

Class Size - 15°

Mode ~Bidirectional

Type - Equal Area

Giid - None

Radial Grid Interval — | 5
Circular Grid Interval — 5

Max Percent — 38

Axes Label -N. E, S, w

Rose of Veins
N

4

The trend is NNE-SSE direction.

Fi215: Showing Rose Plot of Veins on Granitc
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k.

43.2 Joint

side of the reck relative to the other paralll o
0 the

joint surf;

ice (Plat i £ o
is as a result of many 8eologjcal Processes, Ty e
298, They

could be due 10 ghri

s 0 shrinkage as a resuit of

emplacement and cooling of igneous Pluton, Whi
. Whi)

e 5 o
Some could be as a result of stresses
developed by unload of near surfyce

TO¢Ks Or over-burder. 1.
T over-burden. Joint can therefore. be said to act as a
records of past events that tgok place in a -

al environment. hence help in interpreting

tock histery. Joints in the study area are present in all the roek types encountered in the study
area.

These joint were observed on the coarse grained porphyritic granites trending between the
granitic tock quartz and apalitic lillings some of the joints. The jointing and fracturing on the
granite gneiss and migmatitc could be as a vesult of intrusion of later rocks in form of dyke and
shear stress by tectonic movement. |t is noticed that mostly all the varied granites in the study
area are severely jointed and type of joints obscrved are the tension joint. The rock in the study

d T or.
area js sometimes heavily jointed but jointing patterns arc rather poor

Plate.16 Toint in migmatite
Plate.15: Joint in granite.
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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 aré mostly dolerite in origin or composition. It
p e structure
orced through the vertical or near

; ! -ed mineral, f
exhibit fine-grained texture, and dark coloured :
. iteoutcrop inthe study area as seen in
Y low lying graniteou
he surface of

vertical cracks or fissures at t
t 10-30m fength that range 1

n thickness from 12em

Plate (17), The Dolerite dyke was found abou

023 |cm, and is trending NW-SE direction:
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g . Bmussion

The study area (Gubi and jts €NVirong) ;
B

i upper proterozoic (Pan Afric,- Oroge il i
ny

h-
600+ 59 o

Ma) in B
CrOgr aphs of

. . . . w
ks units(Migmatite,Bjotite granite, Gr, it
“Uranj

aSement rockg emplaced

# microscopic descriptions With photo,
mi

chapter These represent rocks from areag

Allchi E
Chl, Bauch| state, Nigeria.

the mg;
Magor rock units are gho
We

gneiSses‘Bl‘mi

here Sludfes Wi in 1his

re
< Performeq, These four

Jotia
i3 (4) major

f 8ranite gnejgges) existing in the
] ic feat i : |
- - ke o k) Pect to their macroscopic and

s Therefore, migmatite covers about g0

{illowed by granite gneisses which covers g
e emaining 10% of the rocks in 1he study ar

ted revealed the f i ial mi
oollec ed following essential minerals such as quartz, biotite, microcline, orthocl
1 N Ine, O1thoclase

wd plagioclase. However, accordi i

X ording to quartz alkati-felspar plagioclase diagram (QAP
iagram) the mi i iti iti
Dizgram) 1gmatite possess a granitic €omposition (manzogranite), biotite granite and

ganite gneisses possess monzogranitic composition.

Melamor]s‘)hism has been observed in the study area and is evident by the presence of structures
swh as foliation, separation of felsic and mafic minerals. Microscopic studies show that the
ks have undergone metamorphism. The undulose extinction exhibited by quartz and the
wlusions of tiny quartz and Biotite particles in feldspar proved the phenomenon of re-

gnostic index minerals made the

a . . ditfcult. From these evidences and the type of
fecognition ic zones and facies difficult i
of metamorphic y area Was atfected by regional

enstallization and rearrangement of minerals. The lack of dia;

[ . he stud
focks within the area, it can therefore be established that &

Mtamorphism,
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0 Conclusion

jn conclusion as deduced fyom (e Petr
Ographic studieg

o : . and the sirye 2B
the Pan-African Migmatite in the are fuctural analysis, it is seen that

4 w,

as (v()rmcd <
8 aresult of g, .
E M ¢ reacy, rxy
material that intruded the sejyisy in the 10n between the granitic

arca ang jeq
0 mct'dlnorph' ¢ : "
; ) ism forming granite-gneisses
and migmatite structurally. In 1aq the s
Sifctural analys
SIS, Petrographic : - :

) phic studies and field studies
awpplement cach other. | conclude "
supplen o Iconclude byged on the data potten in his rescarch (hat

: escarch that:

e Pan-African migmatite gre i » "
1. The Pan N migmatte are in most ¢yses formed by alteration of schist pelt by granitic

material as the study area has some indication of schist extension confirming this possibility

and also the trend of toliations confirms these.

2. The reactions between the Schist and the magmi Jocally give complex migmatic structures
which might look like the Eburnecan migmatite 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)-

i structural and
“le ba“dl[l \)vl confirm tne ock 1o be mlgmame and alsc ctur,
' g ich is COnVOlUte ms K

g rade me! amorphism and also the
e d (he rC cks 10 tﬂ low- Ined“-"“ 8re Ll his! !
leal analysis ShOWe

pent layer at 450 (from Donal Ragan Structural
Structural analysis shows slightly folded, ben =
de with a low * medium grade metamorp
i incide W1
8eology 2009)which coinctde | .
i ; he area and also in
e granilic FOck (which underlies the
named in the areaare intrusive & e
granite gneiss and the migma

! : ; hic
*ehist o form migmatite), me2TO'P

49




dations
commc‘n
sRe

sed on the Research Conducey ang ﬁe]dwor-
B
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some » A Situatjon where yoy see
mething different angd You are mage (, beliey,
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‘e

€118 it wag and not yhat You see in reference
iteratures.
10 liter

The study asea is a very gooq Potential for pojighe
2

d stone value, gy

also the rocks could be
sed to make tiles, henee the
i

LoOYernmeny o private Sector should ipyest

productively into
these.

3, Altheugh no mineral of economic value

Was encountered in the work, but there are prospects

III] y arca L H existen ch.
h alld fU er st 1di€s ()f‘ lh(. Stud area sho ild bG COn‘LIClCd orany existence OfSLI
OrSUC

50




I{EFE
A”BADE, A.C. AND WOAKES‘ M (1976,

RI‘;N(‘ES

)i Protery,
ALMENDI.NGEE\}R' V.. CARpoy, POI Crugtal (30
: algonthms. ectors an, AND HSH}-'R Opment
worn ol ¢p DA 20
LY of B“UChi mbridge

d tensorg {n Slrug
J, ADN., (1926): The Gegy,,
™ Nigeria, Bull.No.9

R. AND LIEGEO}S. § p
LAC*§~ ) o 3P (1993, Cratons _
ithospheric mantle: (he Pan-Agric. 5 Mobile peyg alkal
Londen, 150, 89-98 an testyy » alka

ony. Journg]
ek R LATOUCHE. L. LitGromn
BLA Pan-African displaced tery: 1.91,;()ls. 1P, cany, i AND BERT
| FINes fn e TUireg shicld (o BERTRAND, J M. (1994):
644. eld (centrq) Sahara). Geology, 22, 641~

BRUGUER, O., DADA, S. & LANCELOT, ) . (1994): parly
within a 3.05 Gaorllmgncisx from northem Nj 'e'r' i
Planetary Science Letters, 125, g9 103. e

o0

l.:): Slfl}ctura] Eeology

Town - niVersity Press
surrounding District. Geol. Sury of

ine rocks and continental
of the Geological Sociay,

Archean component (> 3.5 Ga)
a: U=-Pb Zircon evidence, Earth and

(ABY, R. (1981): Precambrian coesite from northern Mali: firs; record and implications for

plate tectonics in the trans-Saharan scgment of the Pan-Aftican belt. European Journal of
Mineralogy. 6, 235-244.

(ABY, R. (1989): Precambrian terrancs of Benin Nigeria and Northeast Brazil and the Late
Proterozoic South Atlantic Iit. Geological Society of America Special Paper, 230, 145-
158.

(BY, R. (2003): Terrane assembly and geodynamic cvolution of Central-Western Hoggar: a
synthesis. Journal of African Earth Sciences, pp 37.133-159.
hern Mali: firstrecord and implications forplate

(ABY, R.(1994): Precambrian coesitc trom nortl f the Pan-African belt. Eu opean Journal of

lectonics in the trans-Saharan segment 0
Mineralogy, pp6, 235-244. Jogy of parts of Adamawa, Bauchi

. Geo! M ;
CARTER J.D., BARBER, W., TAIT, [AR (llgiz)r‘i:lgeolzgical survey of Nigeria Bullettin no.

and Bomo Provinces in North-Eastern
10pp 88-89, 94-95. HAMAN, MA. (1993): Archean
3 R. AND R,A‘ eochemistry, petrogenesis and
DADA, Sf, BIRCK, J.L., LANC?I&(()];[;L (J,‘enlra] Nigeria: its geochemistry, p
migmatite—gneiss complex ©

. Joquium ‘on in Nigeria: a
crustal evolution. International Colloq olution g

soic crustal €V

- and Profero h, pp 87, 65-74:
g, §S. (1998): Crusl-tbrmm% tzilfff; precambrian Rese™® ::‘c de Bauchi (bauchite),
I€apprajsal of current interpretd monzonite ang?r’}cain au nord du Nigéria.
al

go): La M que P
A, 55 AND RESPAUT, J'P;nz(a:agsme synlectonLE, 309, 887-892
A .

MOuveay Témoin d'un MaB™ des Scien
ptes Rendus de ik Academle

Sl




A‘SVS-’ I,f’\N(hl,Ol, IR AND BRI
D amockitic complex at Torg, N 1, UBL, | (1gpg:
AfricanEaﬂh bdlehicas, 9, 227234 e ngt‘ria: U~Pg‘ Age ang orig;
g . and Rb—s &1 of the annular

. J. NEDELEC, A, FERRf: Fevidence,
2 GRIS: ERRE, B ¢ rr- ournaj of
A¥SOUCHEZ, J.L. (1996): The Pan_AI]Ffl:EI(,ES‘ A
imeractions and structures ip €90 Torg ¢ O, Rp

. L )23
r a bimody] intrusior °mplex (northery NaASI' CK. AND
552. - VLeolog; s
gical Magayi
lCK‘N' AP, HALLIDAY, AN & BOWDEN_ p 19
pasement and Mesozoic ring compleyos ar (1991): A pb, g; ;
Clo, : plexes of he and Nd isotope study of
(Isotope Geoscience Section), 94, 23_37 105 Plateay, Nigeria Chemical S ol o
- - 3 « = 0 o ; =0
JOUADL M.T..bQLhIZEs. e FERRE. £, BOUCKEZ, 1L capy
(1997): Oblique magmatic structres of 1yo gy, 5 CABY, R AND LESQUER, A,
orogenic emplacement in a "““SCL"’"Cnmmgm .I!SC;(‘:::p }I:)IEEOnsé?glo}gg;lr, Algeria: late-
S, 279, 351374,
JNAL M. RAGAN (2009): Structural Geolo
Fourth Edition, Cambridge University

ne, pp 133, $535_

YA ot ] . e .

P]'c's_\‘_/ 0 Introduction to Geometrical Techniques.

BORALL, LM, (.]98'9): lnlcrnxc%iiatc rocks {rom older granites complex of the Bauchi Area
Northern Nigeria. In C.A Kogbe (Lditor) Geology of Nigeria, Rockview Itd. Jos, pp 7l:
80

BICONER. J.D. AND LONGBOTTOM (1911): The Geology and Geography of Northern
‘Nigeria. Macmillan and company London. Pp 135-136.

MRE C. E. AND CABY R. (2006) Granulite  Facies Metamorphism- and
Chamockiteplutonism: Examples from the Neoproterozoic Belt of Northern Nigeria.

Journal of Geology 100/06006 2006.

RE, EC., CABY, R., PEUCAT, J.J. C
Aftican, post-collisional, ferro-potassic &r
Nigeria. Lithos, 45, 255-279- SEUCAT, 11 (1996) The ol

: ND 0 e
BRE,£.C, DELERIS, J., BOUCHEZ, J L LAR, sl rovinces in Nigeria:

d Archaean P
d o ed Eburnean an e oy don, 153, 719-728.
(i gaiciivation 1 COJ[:;::ZL[ of the Geological Sociely. Londo
Structural and isotopic data. I ). Tectonics a1 q

E, P. (1998): Pan-
PDEVILA, R. AND MON_[E,
ki ‘Znile and quartz—monzonite plutons of Eastern

postvcollisionai grani'le

' 20 belt, Eastern Nigeria.
, EC,, GLEIZES, G. & CABYérgI;t(O O he Trans-Sabaranbe
i i cony
cmplacemem in an othuelyl 99-219. o el
Precambrian Research, |14, L e

NABO: £- & ills, northe
5 o | y - Solli Hills,
EC., GLEIZES, G.. BOUCHhZ];“‘ African granite of S0

of the Pam . Elizabeth

stnke slip emplacement o
of Nige
‘ Tectonics, 14, 1205-1219- Edls (dito) Geology
1REr] A teau.
‘\Q P““'African Regime of ngena.. A geology of the Jos Plateau

Pub o, Lagos. - (1971):

%LEOD, W.N, TURNER, D-C- & ™/
Bulletin of the Geological Survey
: 52

i




; pJ(1989): A general revie
U cks of Northern Nigeria, 1 (‘.A(;\! W Gieojoy, o
ppl3-37on Affican Geology Obe (Edilor) Glhe Preg,

Jos: uhbdn e0] ai“bfianm .

. €, Swagz; O8Y 0f Nigars O Wer Palegy;
WO"E’J?A ioéél?\zﬁf )3 The petrology o . “2land, 0795, B0 Rock view 114
el val 7 00

iSlriC[ d em
| drOUnd Bauchi‘ N()l'[h i 1
?”IE, lUlO (I ;6 ‘)- ] he GL’l)l() nge”a' JOUI’.

l Mﬂa“. Soc. Vol., pp87- 102
MCCURRY.. (1989): A Cop...
ﬂiliks of Northern Nigeria. |n(,(5';\“’t| Review of the Precanypr
e A Rogbe (Editor) e mO0rian o Lower pajegyoic
- eology of Nigeria, Second Revisoed
HER, W-S. (1993): The nature
(lasgow.

8Y of the N;

EQ”d BdSL nent C() ) n And
mpYex Jo I. ng M Al

and origin of
B of pranige, Blackie Academic and Professional

MAN, M.A. (1976): Review of Basement Geolopy off S 1 g
ofNigCl‘iﬂ (Edited by C.A Koghe) 1C0i0gy of South Western Nigeria. [n Geology

3): or Proterazoie Cohie : -
ISER, DC (1?8)). Upp_Lr Prote rozoic Schist Belts in the Nigerian sector of the Pan-African
province of West Africa. Precambrian Rescarch. 21, 55-79.

WKES, M., RAHAMAN. M.A. & AHBADLE. A.C. (1987): Some metallogenic features of
the Nigerian basement. Journal of African Earth Sciences. 6. 655-664.

IHT, E.P. (1971): Basement Complex. In (Geological Survey of Nigeria; ed) The geology
ofthe Jos Plateau. Geological Survey of Nigeria. Place. 12-47.

53




