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ABSTRACT

The study area forms part of the Precambrian to EarlyoPaile Nigerian Baseant complex.
Multispectral images from Landsat 7 ETM+ were utilized to complement lithological mapping,

elucidate lineaments and clearly outline alteration zones.

Field mapping in Faskari and Chafes carried out sing topographical map of Funtua NW
she¢ 78 on a scale 1: 50, 00fnhd the area of gold mineralization around Kutclaenie further
mapped on a scalaf 1: 25 000 to studyt in more detail. Petrographicustiesof 16 samples
were conducted using transmittelifght microscope. The geochemical atysis of 10
representativessamplesfor major and trace elementgas carried out using -xay fluorescence
technique indudively coupled sector fieldnass spectrometryAlso, 13 quartz vein samples
were analysed for target (Au) and pathfinder elemdpis Hg, Cu, Ag and Zphusing Atomic

Absorption Spectrophotometer.

The dominant rock types amgneissesmetasedimentsgranites andserpentinitewith minor
guartztourmaline rock, aplite dyke, quartzofeldspathic and quartz veins. Petrographic studies
have shwn that the gneissesclude banded gneiss, porphyroblastic and granite griess
mainly composed of quartz, feldspar, biotite + pyroxehlee metasgimentsinclude biotite
schist and phyllite thaare composed of quartz, biotite, feldspamuscovite,+ chlorite. The
granites include medium to coarse grained to porphyritic varietiesir@nohainlycomposed of

quartz, fédspar and biotite.

These rocks havieeen deformed; sheared wijtints and foliation.The dominant foliation trend
NNE-SSW to NE-SW, follows the general trend of structures resulting from-Rfaican

Orogeny. Traces of other trend directions thought to bePpre African are also observed.
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Exfoliation and tectonic joints with neorthogonal jont pattern are observeBoth dextral and

sinistral strike slip faults are observed onrgtes Folds mainly had NNESSW axial trend.

Geochemicalanalyses results show that Sith gneisses range from 72624.2 wt%, and
metasediments from 683B.0 wt%. The KO in gneisses ranges from 5352 wt.% and
metasediments from 5.4298 wt%. TheNa&O is generallyhigher in gneisses 5.1839 wt%
than in the metasediment 3:8.71 wt%. TheCaO content of all lithologies overlaps (1-B:B6
wt%) except for phyllite (0.61 wt%)lrhe alkali and alkali @&th elements are enriched in the
gneisses with Sraryingfrom 574.0103.1 ppm, Rb from 336-67.6 ppm and Ba from 141315
ppm compared with thmetasediments with Srarying from 213.1260.0 ppm, Rb from 1704
58.9 ppm and Ba from 115619.0 ppm respeectely. Similar trend occurred in rare earth element
being significantly enriched in the gneisses with La from 392.2 ppm, Ce from 690-89.0
ppm, Eu from 2.5%9.74 ppm and Lu from 0.7@.15 than in the metasediments with La from
29.020.2 ppm, Ce from ®G341.8 ppm, Eu from 1.31.08 and Lu from 0.50.36 ppm

respectively.

Moderate to high mbility of alkali elements K and Neonfirms low grade metamorphism for

the metasediments (greenschist facies) and low to medium grade for the gneisses (greenschist

lower amphibolite facies). The gneisses @fféggneous parentagexcept granite gneiss that may

be sedimentary. The gneisses have granitic to granodioritic composition related to granite that
originated from magma enriched in alumina relative to alkdhaleoweathering estimates point

to relatively moderate to intense chemical weathering of the metasedimentary source rocks that

are immature
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Normalised trace element shows a striking parallelism with upper continental crust for the
metasediments whild¢ gneisses are more evolvBelative depletion of HREE and enrichment

of LREE with significant negative Eu anomaly in the gneisses and metasediments shows that
plagioclase feldspar fractionatddegative Ce anomaly in granite gneiss indicates absence of
zircon while negative Ce anomaly characteristicstiod metasediments indicates anoxic to

suboxic condition during metamorphism.

Alluvial/elluvial gold grains with pristine, modified and reshaped morphologgur in
sediments while primary gold mineraliiat is presumed to occur in quartz veins. Geochemical
investigation for target (Au) and some pathfinder elements (Pb, Hg, Cu, Ag and Zn) show Au
concentration to range between 4.8 ppm, Pb (<28 ppm), Hg (<0.5 ppm), Cu (6.2 to 61.4
ppm), Ag (<0.5 ppm)and Zn (8.8 to 39 ppm). There is no significant statistictiérénce
between the Au, Pb, Cu, Ag and Zn contenDutsen Burka and Gidan Bossea Pearson

correlation coefficient showSu and Pb are indicator elements for Au in the area.

viii



TABLE OF CONTENTS
TITLE PAGE
Title pageééeéeceéeecéeecéececéeceéeeceéceaceécee.

''''''''''''''''''''''''

Certificationéééééeecécééceecéecéceeceéeeecéeccecaececeecece

"""""""""""""""""""

Acknowl edgementeeeeeeeeeeeeeeeeeeeeee/eeeeee.

sz s 7 s r7 27 727

Abstractééceeeeceeeééééccecececeecéé éeceteted . .
Tabl e of contentséécécéécééeééeéeéeécédxéeéecéececé
List of Appendiceséééééééeccecceccecececec&ééaca.éawececeéecé

""""""""""""""""""""""

List of Mapséeééeéeeééeeéeeceeéeecéeceee&xeneéeeté.

GENERAL INTRODUCGCTION .. ...ttt ettt e et e e e e e e e e e e e e enmmmeee 1
1.1 THE NIGERIAN BASEMENT COMPLEX......coiiiiiiie i 1
1.2 LOCATION AND ACCESSIBILITY ..euiiiiiii e 3
1.3 RELIEF AND DRAINAGE...... .o et 4
1.4 CLIMATE AND VEGETATION ..ottt ememe e 4
1.5 PREVIOUS WORK. ...t rreee et e e e enene e 5
1.6 PRESENT WORK . ...ttt mmme et e e e e ee e e e e e eesbnmmeesennss 6

1.6.1  AIm and ODJECHVES.......coouiiiiiiie e e e e e e aanan 6
1.7  JUSTIFICATION OF STUDY....cottiiiiiiiiiiiiie e eeeieeme et eeeeee e eeenin e eeeendd



1.8 MATERIALS AND METHODS........ooiiii s 7

1.8.1  Prea@mbIe...... e 7
1.8.2 Remote Sensing INterpretatiQn...........coocueeiiiimmmreieee e 7
1.8.3  Fieldwork and SBIPIiNG........ooooiiiiiiii e eree e 9
1.8.4  PaANNING....ccoiiiiiiiiiiiii e e e e errnr e e e e e e e e e e e e e anr e e e aaaaaaaaaes 10
RS T T /=T o I o 1 (2= (o) o PSR 10
1.8.6  Labordory ANAIYSIS........cooiiiiiiiiiiiiiiiicmme ettt 10
1.8.7  Data INterpretation.........ccc.uuuiiiiiiiiiiieeeiiiii ittt e e s eeer e e e e e e e e e e e e s 11
CHAPTER TWO
REGIONAL GEOLOGY. ...uuiiiiiiiiiiiie ettt ittt mmme et s e e e e eeaa e e e e e e e annmeeeenennns 12
2.1 PREAMBLE..... .. e e e 12
2.2 NIGERIAN BASEMENT COMPLEX......ccoiiiiii et 12
2.2. 1 LItNOIOQY ... iiieiiiii ettt e e e e e e e et a e e e e e e as 12
2.2.2 Evolution of the Nigerian BaSemenLt...........ccccooviiiiiieeeiiiieeeeeeeeeeeeeeeeeeee e 18
2.2.3  SHUCKUIES. ...ceiitieiie et r e e e e e e e e e e e e e e eernanes 19
2.2.4  GEOCHEMISIIY.....uuiiiiiiiiiiiie ittt 20
2.2.5 Sediment maturity and Source area weathering of metasedimenits............ 22
2.2.6  GOld MINEraliZAtioN. ........cceeiiiiiiiiaei e 24
CHAPTER THREE

REMOTE SENSING AND SPECTRAL ANALYSIS... .o 27
3.1 PREAMBLE........ooiieeeceeeeeeeeeeee e nene s snems s 27
3.2 DIGITAL ELEVATION MODEL ....uuiiiiiiii e 27
3.3  BAND RATIOING ...cuiiiiiiiii ettt e et e e e e e e a e nmmmenans 29



3.4 COLOUR COMPOSITES.......ottiiiiiiii e 31

1C 1 W R O o [101- 1 @ | 1 To X =1 1 [ TSR 31
3.4.2  KAUMANN TR e e 32
3.5 AUTOMATIC LINEAMENTS EXTRACTION ...t 33

CHAPTER FOUR

FIELD GEOLOGY, PETROGRAPHY AND STRUCTURES........ccciiii e 37
4.1 PREAMBLE. ...t 37
4.2 PORPHYROBLASTICGNEISSAND GRANITE GNEISS.......ccoooiin 39

4.2.1  Field relatioNShiPS. .......uuii e 39
4.2.2 Petrography of Porphyroblastic GNeiss............ccociiiimemn e 39
4.3 BANDED GNEISS..... .o e e meaans 42
4.3.1  Field relationShipsS.......oooviiiiiiii e errea e e e e e e e e e e 42
4.3.2 Petrography of banded gneiss.............uuuiiiiiiiccciicce e 43
4.4 BIOTITE SCHIST ..ot rmme e e e e et e e e e e e annmeeeanes 46
4.4.2 Petrography of biotite SCRIST.........ccoviiiiiiiiiii e 46
S T o I I I I PP PUPPPPPRT 50
4.5.1  Field relationShipsS.......ooooveiiiiiic e eerer e e e e e e e 50
4.5.2 Petrographyf phyllite ... 51
4.6 PORPHYRITIC BIOTITE GRANITE. ...ttt 52
4.6.1  Field relatioNShiPS. .......uuuiiiiiiiiiiii e 52
4.6.2 Petrography of porphyritic biotite granite...............ccoovviiiicceiiii e 54
4.7 MEDIUM-COARSE GRAINED BIOTITE GRANITE. ..o 56
4.7.1  Field reBtONSNID......cooii e 56
4.7.2 Petrography of mediurnoarse grained biotite granite.............cccccvvvviiieeeeeenn. 56

Xi



4.8 SERPENTINITE ...oiiiii i e e S7

4.8.1  Field relationShiPsS.......oovvieiiiiiii e eerea e e e e e e e e e aees 57
4.8.2 Petrography of SErpentinite............oooiiiiiiiiimmmn e 58
4.9  MINOR LITHOLOGIES. ... .ottt e e e e eaeaans 59
4.9.1  Field relationShiPsS.......oovvieiiieii e errea e e e e e e aees 59
4.10 SUPERFICIAL DEPOSITS. ... eeee e eeee e e e 60
4.10.1  LAEEIES ...ttt e et eeet ettt et ettt e e e e e e e e e ammr et e e e e e e e e e e e e e e e e e e nn e e e e e e 60
4.10.2 AlIUVIUM GEPOSIL . ...eiiiiiiiieeee et eenensnae 61
411 STRUCTURES. ... .o e eeeee et e e e e aaa e s annes e e e eeenes 62
A. 111 FORBLION. ...t e e e e e e e nenr e e e e e e ane 62
T N Lo 1| | £SO PP PP PU PP PPPPPPPY 64
4.11.3 FAUIS ..o e e e e e e e s smr e e e e e e e e e eeeaee ] 67
B.11.4  FOIUS ..o e 68

CHAPTER FIVE

GEOCHEMISTRY ...ttt ereni e e e e e e e e e e e e et e e e eannneaeeeeeeeeeeennnnes 70

5.1 MAJOR ELEMENTS DISTRIBUTION IN THE GNEISSES AND METASEDIMENTS

5.2 TRACE ELEMENT DISTRIBUTION IN GNEISSES AND METASEDIMENTS..72

5.3 RARE EARTH ELEMENTS DISTRIBUTION IN GNEISSES AND

METASEDIMENTS ...t ee e e e e e e e e ame e e e e eenneaaas 74
5.4 GEOCHEMICAL CHARACTERIZATION.....cooiiiiiieiiieii e eeeee et e 76
5.4.1  HarKer DISgIam.......cceeeiiiiieee et eeee bbb seeennes 76
5.4.2  Alumina variation for gNeiSSes...........ooviviiiiiiiimenn e eeeeeeeeeee e ] O
5.4.3 Evolution Indices (Bscriminant Function) of gneisses..........ccoooevvvvvvviiinnnnn. 79
5.4.4  Crustal discrinmation fOr gNEISSES.......cccuuiiiiiiiiiiiieeiie e 79

Xii



5.4.6  Protolith precursor diagrams........cccooeeiiiiiiiiiieeee e eeeeeemmme e 81

5.4.7 Paleoweathering conditions and degree of maturity of metasetk................ 85
5.4.8 Spider diagrams for normalised trace elements.............cccovvvieeei e 36
5.4.9 Chondrite normalised REE pattern............ccooiuiiimmmniiiiiiie e 89

CHAPTER SIX

GOLD MINERALIZATION L.ttt ettt e et mmme et e e e e e eetan e e e e eeannmeeees 93
6.1 GEOLOGICAL SETTING.... oot e e e e eees Q3
6.2 GOLD OCCURRENCES..... ..ot e e e e 96
6.3 SAMPLE COLLECTION AND ANALYSIS ... 99

6.3.1  Sediment SAMPlING.......cooiiiiiiii e e ean 99
6.3.2 Panning and grain Morphology............ooooiiiiiimmmnecii e 99
6.3.3 Chemical analysis and statistical relation................ccccceiiccmeeeeeiiiiieiieeeennn. 100

CHAPTER SEVEN

SUMMARY, CONCLUSION AND RECOMMENDATION......cccttiiiiiiiiieiee e 106
7.1  SUMMARY AND CONCLUSION......ccctttiiiiiiiiiiiies e eeees e 106
7.2 RECOMMENDATION ..ottt e e enmes s e e e e e e e e e eeeenennnnns 108

REFERENCES..... .o e 109

APPENDIXES . ...ttt 118

Xiii



TABLE

Table 1.1

Table 3.1:

Table 4.1:

Table 5.1:

Table 5.2:
Table 5.3:

Table 5.4:

Table 5.5:

Table 6.1:

Table 6.2:

LIST OF TABLES

PAGE
Summary of literally kown band ratio composites 9
Default parameters for LINE module for linearmentragtion 34

Modal composition of minerals in major lithologies in the study area 38

Major element content @fneisses and metasediments 71

Trace element contenf gneisses andhetasedirants 73
Rare Earth Element (REE) contentgjokisses and metasediments 75

Chemical Index of Alteration and Index of Compositional Varigpil
of metasediments. 85

Chondrite normalised values of Nakamura, 1978 showing significant
ratios for ro&s in the study area 89

Concentration of target and pathfinder elements ardaiddn Bss
and statistical relatins 101

Concentration of target and pathfinder elerserbund Dutsen Burka
and statistical relations 102

Xiv



FIGURES

Fig. 1.1:

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1.2:

1.3:

1.4:

2.1:

2.2:

2.3:

2.4:

3.1:

3.2:

3.3

3.4:

3.5:

LIST OF FIGURES

PAGE

Location of Nigerian sector of the Rafrican Provinceof West Africa
(After Turner, 1983). 1

Schematic section across the West African margin showing the effects
of PanAfrican event in the basement of Western Nigeria (modified
from Burke and Dewey, 1978 Danbatta, 2008). 2

Study area within &eological sketch map of Nigeria showing the
major geological compon&s) Basement, Younger Granitesd

Sedimentary Basin@fter Obaje, 2009). 3
Methodology diagram for processing and enhancement of LandSat
Thematicimage (after Amudat al.,2014) 8
Basement Geology of Nigeria: The Migmattameiss Complex (mgn),

the Schist Belts (sb) and the Older Grasfiieg). (Wright, 1985) 13
Schist belt localities within the context of the Gy of Nigeria (After
Woakeset al.,1987) 15
Areas of Gold mineralization in Nigeria (after Garba, 2000). 24
Gold production potential in Nigeria (Ajayi, 2003) 25
ASTER GDEM draped on topographic map of shedy area. 28

ETM+ band ratio 5/7 of the study area showing granite and gneisses with
high tone white to mist grey. 30

ETM+ band ratio 3/1 of the study area showing granite and gneisses show
dark grey tone 31

Colour composite (Chie®Imo ratio) which include the combination of
ETM+ band ratios 5/7 (R) for granitic rocks, 5/4 (G) for iron minerals
and 3/1 (B)for ferric oxides 32

Colour compositeKaufmannratio) which inclule the combination of

ETM+ band ratiog/4, 4/3 and 5/7 displayed as RGB showing areas of
mineral alteration 33

XV



Fig. 3.6: Automatic extracted lineament trends (default setting) of structures in the

study area 35
Fig. 3.7: Rose(azimuthfrequency) diagram of lineaments orientations 36
Fig. 4.1: Rose diagram of fadition trend in gneisses 63
Fig. 4.2: Rose diagram of foliation tresth metasediments 63
Fig. 4.3: Rose diagram of longer axis treywf phenocrysts iporphyritic biotite

granite 64
Fig. 4.4: Rose diagram of joint trendls gneisses within of the studyea 66
Fig. 4.5: Rose diagram of joint tresdn metasednants within the study area 66
Fig. 4.6: Rose diagram ashowingtrends of jointsin granite within the study are&7
Fig. 5.1: Binary variation plots of Si@with the other major oxides in

gneisse 76
Fig. 5.2: Binaryvariation plots of Si@Qwith the other major oxides in

metasediments 77
Fig. 5.3: Binary plotof molecular ratio of alumina to alkalis [A)s/(Na,O+K,0)]

versus alumina to lime and alkalis,®/(CaO+NaO+K,0)] of

Shand (1943) showing chemiadhssification of the gneisses 78

Fig. 5.4: Ternary Plot of KO-TiO-P,Os of Pearceet al.,1975 showng crustal
discrimination of gneisses and quatdzrmaline rock in the study area 80

Fig. 5.5: Ternary ACF plot of Jamest al.,1978 showing compositional variation
in the gneisses, quaftaurmaline rock and metasediments 81

Fig. 5.6: Bivariate(Al,0O3 versus MgOlliscrimination diagrams of Marc, 1992
with line that seperate paragneiss from orthogneiss for gneisses in the
study area 82

Fig. 5.7: Bivariate discrimination plot of Si©versus NgO=K,0 of
Coxet al.,1979,showing chemial classification and nomenclature of
gneisses and quartaurmalinerock 83

Fig. 5.8: Bivariate (TiQ versus SiQ) discrimination diagram of Tarney, 1977
with a line thatseparatefgneous from Sedimentary fields for the rocks
in the study area 84

XVi



Fig. 5.9:

Fig. 5.10:

Fig. 5.11:

Fig. 5.12:

Fig. 6.1:

Fig. 6.2:

Comparison ofrace element of metasediments conteitth estimates of
Taylor and McLennan (1995) normalised to upper continental crust of
Taylor and McLennan (1995) 87

Comparison of trace element estimate of Taglwl McLennan (1995)
with gneisses contenbrmalised to bulk continental crust of
Taylor and McLennan (1995) 88

Chondrite normalised (Nakamura, 1974) showing rare earth elements
(REE) pattern in metasediments in the study area 90

Chondrite normalised (Nakamura, 1974) showing rare earthegtem
(REE) pattern in gneisses and quadamaline rock in the study area 91

Standard deviation plot for samples around Gidan Boss and
Dutsen Burka 103

Bivariate plot of Au against other trace element (Hg, Zn, Cu, Pb
and AgQ) 105

Xvil



PLATES
Plate I

Plae Il

Plate IlI:

Plate 1V:

Plate V:

Plae VI:

Plate VII:

Plate VIlI:

Plate IX:

Plate X:

Plate XI:

LIST OF PLATES

Photograph of PGn with white colouredrpbyroblasts at
11°5000Nj 2Na MAdNjNy A NiL EN;j

14.

0 Nj

PAGES

39

Photograph of feldspathic porphyroblasts in PGn and boudins of
Feldpathicveins (4 cm width) perpendicular to the &V

(040°) trend of host rock 4L A 5 0 N;

2.

4 NjNj

Phobmicrograph of PGshowing lsown pyroxeneawith two
direction cleaages

N, 07/909N;

40

Phobmicrograph of PGwvith red to greernterference colours

in pyroxene

40

Phadaomicrograph of PGmith myremekiticintergrowthtexture
(M) in microcline

Phaomicrograph of PGshowing pyroxene witkheep pink
interference colour

41

41

Phdomicrograph of GGnvith subidioblastic light green chlorite

(Chl) and opaque minerals (OpQ)

Phdaomicrograph of GGnvith cracks (C) in quartand

greymicrocline

42

42

Photograph of BGn 1 with joints mainly trending parallel to the
direction ofthe bands with few perpendicular to it at
07A 08Nj 25 NjNj43E

11A 4 5 Nj

3 3 NjNj

N and

Photograph of Bgn 2 ith alternating light and dark coloured
bands that arslightly folded in places around Tanimu at

11 A 4 9 N;

1 0 NjNj

N

and

7 A

1 4 Nj

2 2 NjNj 48

Photomicrograph dBGn 1 showing foliated browrcoloured

Biotite

Xvili

44

12.

r

£



Plate XIlI: Photomicrograph of BGn 1 showing plagioclase feldspar
predominates the feldspar 44

Plate Xlll:  Photomicrograph of BGn 1 with colourless quavtth low relief 44

Plate XIV:  Photonicrograph of BGn 1 with small scaled tartan twinning
microcline 44

Plate XV: Photomicrograph of BGn ®ith lineated and folded bvn
biotite minerals 45

Plate XVI:  Photomicrograph d8Gn 2showing grey coloureglagioclase feldspar 45

Plate XVIl:  Phdomicrograph 6BGn 2 with foliated darlorown biotiteand
light grean coloured chlorite (Chl) 45

Plate XVIII: Photomicrograph of BGn 2 withyrmekitic intergrowth texture (Myr)
in plagioclase and its alteratiom sericite in places 45

Plate XIX:  Photograh of parallel and perpendicular leucocratic vein in biotite
schist &@BGNNLAN @AM 07A 13Nj 21NjNj4E

PlateXX: Photograph of biotite schist ariver channel with parallel ]
guartzofeldspatic vebO&§lNaE 11A4657 Nj 30 NjNj

Plate XXI:  Photomcrograph of BSch $howing lineated brown coloed biotite
with we& pleichroism 47

Plate XXIl:  Photonicrograph of BSch $howing yellow to brown interfence
colour in biotite 47

Plate XXIIl:  Photomcrograph of BSch fvith brown coloured biotite with pleichroic
halo in placs. It ha moderate relief 48

Plate XXIV: Photonicrograph of BSch 2 showing biotite displdijferent
interference colours 48

Plate XXV: Photomicrograph of BSchwith colourless muscovitendbrown
biotite that have moderatelief and perfect elavage 48

Plate XXVI: Photomicrograplof BSch 3 with mica (biotite anghuscovite). The
micas displa different interference colour 48

XixX



Plate XXVII: Photomicrograph of BS 4with lepidoblastidoliation pattern and
colourless equignular quartavith low relief 49

Plate XXVIII: Photomcrograph of BSch with plagioclasdeldspar (Pland biotite
with greyand brown interference colour 49

Plate XXIX: Photomicrograph of BSch 5 with foliatiari subidioblastic biotite with
moderate reéf, alteratiorto chlorite and inclusion of opae minerals
in places 49

Plate XXX: Photanicrograph of BSch Showing xenoblastiquartzwith wavy
extinction on some grains 49

Plate XXXI: Photomicrograph of &h6 showingbrown colouredgranoblastic biotite
with opaque inclusions 50

Plate XXXII: Photomicrograph of &h6 showing porphyroblastiquartz and
orthoclase feldspanifine grained groundmass 50

Plate XXXIII: Photograph of light grey calmed phyllite nea¥ankuzia )
at 11A 57N 513.99 gNyjNN Eand O07A 05584

Plate XXXIV: Photograph of phyllite witlarnished and brown appearance tranhd
the banks of an ephemeral stream channel 818 Nj 0 0 NjNj N and
07A 06Nj 23.5NjNj E 51

Plate XXXV: Photomicrograplof Phy 1showing brown tdaint yellow biotite with
wavy slay texture and pleichroic 52

Plate XXXVI: Photonicrograph of Phy 2" order light todarkbrown interference
colour 52

Plate XXXVII: Photomicrograph of Phwith daty foliation pattern in biotite and
quartz 52

Plate XXXVIII: Photonicrograph of Phy 2howing light browrpolarization colour
in biotite 52

Plate XXX X: Photograph showing relic raft brown coloured BSch in contact with
PBGat1JA 55Nj O5NjNj N and 07A 10N 0S83NjNj E

XX



Plate XL:

Plate XLI:

Plate XLII:

Plate XLIII:

Plate XLIV:

Plate XLV:

Plate XLVI:

Plate XLVII:

Plate XLVIII:

Plate XLIX:

Plate L:

Plate LI:

Plate LI:

Plate LIII;

Photograph of a closer view to the sharp intrusive cobtteteen

PBGand BSch at the foot MNahnd PBG st ock

07A 10Nj 01. 4NjNj E 53

Photograph showing contacttiveen PBG and GGnatl A 52 Nj 2 2. 2 NjNj

and O7A 08Nj 40. 4NjNj E 53

Photograph showing contact between PBG and PGn. The gneldsr
as it is dserved to lie above PBG 53

Photograph of whateack outcrop of PBG oparts of Kutcheri )
hil (PBG)at 11A 49Nj 486 7ANNJNEand 0754

Photograph of PBG outcrop with feldspathic veins of varying
widthatl 1A1Z8ljNj N and O07A O06Nj 08NjNj54

Photomcrograph of PBG Bhowing pleichroidaloaroundzircon
inclusion in phty, brown coloured biotite 55

Photanicrograph of PBG $howing differentartan twinning
patternin microcline 55

Photomicrograph of PBG 2 with green coloured pyroxene that gas hi
relief and two sets of cleavage intercepting at nearly 90° 55

Photomicrogragh of PBG 2 showing plagioclase feldspar with

characteristic narrow multiple albite twinning patterm vi ng O15 A

extinction angle. Pyroxenshow pink interference colour 55

Low lying whaleback stak of medium to coarse grainédbtite
granite with quartzofeldspathic veins of varying widgls
11A 58N] 55. RN/B5 N2 HjNjJdEO 7 A 14 56

Feldspathic veinthatr ends NS at 11A 56Nj 40.

07A 13N 33. SiMN\jifferdhtdiredtiotse j oi n't 56

Photanicrograph of MCBG showing muscoviteith perfect basal
cleavage. 57

Photamicrographof M-CBG showing muscovitevith pink interference
colour 57

Photograph of low lying fine grained serpentinite outcropithat
dark colouredvith quartz crystal in places 57

XXi

0 2 Nj

8 NjNj

at

1

N

c



Plate LIV:

Plate LV:

Plate LVI:

Plate LVII:

Plate LVIII:

Plate LIX:

Plate LX

Plate LXI:

Plate LXII:

Plate LXIII:

Plate LXIV:

Plate LXV:

Plate LXVI:

PlateLXV II:

Photograph of hand specimensefrpentiite with light green

appearance and small black spotstobmian spinel/magnetite

58

Photomicrograph of spentinite showing opaque chromgeains and
fibrous amphibole

Photomicrograph of gpentinite showing chrysdé in vein and
unevenly fractured serpentif@ivine pseudomorh)

Photograph of hard brown laterites around Makera at
1 2 Nj

11A

2 0 NjNj N

and

07A 58N;j

Photograph of rail road cut exposure of hard, brown tateri

aroundK ut cheri

Photograph of alluvium deposit along the bed laaks of River

Yankuzau 11A 5HKjNj B O NjNj

at

O0aNiNj IN1 Aa n48 Nj 74A 0 2 N;

N

59

59

10 NjBp E

36D NjNj E

and6107A 03N;

Photograph of alluvium deposits on broadlandrpéairoute Gidan
a4 9 NjNj AN 5& N

Chido

07A 02N;j

5 5 NjNj 6E

Photograph of banded gneiss with ptygmatic felsic veins at

11A 47N;

5 6 NjNNjNjl  Ea.n d

07 A

1 4 Nj

Photograph showing foliation pattern in schist interbarvdéul

thhnquartzofeldspathic
07A 06 N;j

4 9 NjNj E.

veins

42 62

(<1lcm width)

62

Photograph of PBG with nearthogonal joint pattern enroute Yankara
and.7motall A 0485 7. 9 NjN;j

at

11A 47N;

17 . 4 NjNj

N

Photograph of exfoliation joints on low lying-KIBG thatmainly trend

NS

(180A)

ANiNj N1 An®7K7A3 .13 Nj

58 . @NjN] E

Photograph of PBG with rupture joint on in Asaka Ahuta quaroynd
boundary between Katsina and Zamf a

07A 03N,;

1 0. 4 NjNj

E

state

at

11A 49N,;
65

Photograph of foliation joint and parting on BSch arobadikaya at

11A 55N,;

0 O NjRj

N 6 &jNd EO 7 A

65

Photograph of leucocratic aplite dyke (20 cm widt@t trendNNE

(204°) in PBG with sinisal displacement by thin quanein that

trendsWNW (284°)

XXil

68

12. .

E

I



Plate LXMII: Photograph of MCBG showing quartzofeldspathic vemgh dextral
and a sinistral strank@8IN5i4MNjNfEag68 t s at 1

PlateLXIX :  Photograph of augen schist showing tight isoclinal fold pattern
(hammer is 30 cm hdn@yAaD1Nj1lA168 NJE4 9 NjN;j

Plate LXX  Photograph of biotite schist with macroscale crenulation cleavage
pattern(GPS 6.5cm wdth). Note thin quartz vein perpendicular
to the foliation but parallel to axi al
07A 01N 30NjNj E 68

Plate LXX: Photograph of augen schist showing disseminated quartz veins
(human is about 1.7m tall) at 11T NjINjN 9aNpd 0 7 A0 2 NjXB9 5 NjNJE

Plate LXXII: Photograph of biotite schist showing symetrical fold at
1 1A 5 2 Nj0071ANjN) 2NNj a2n0dN;jN;j 69

Plate LXXIII: Photograph of alluvium cover on biotite schists aroud Gidan
Bossatl 1 A ®jNjNjN42and EO7A O01Nj 15NjNj 93

et i cal fold on biotite schist at 11

Plate LXXIV: Sy m r
7 A 0 2 Namghé@ NjBQcnklong 93

0
Plate LXXV: Photograph of joint (k) that trends N8E on low lying biotite

schistoutcrop at the bank of streafmyaat 11°5 1 Nj 11 . 9 NjNj N and

07A O01Nj 13. 0NjNj E o7}

Plate LXXVI: Photograph of joints that strikes NBE on biotite schist at
11A 52apdONNANO2Nj 00NjNj E 94

Plate LXXVII: Phaograph of thin quartz vein iprown coloured biotite schist
aroundGi dan Boss2 NN N 1laAn d5 10Nf A5 0 1 Nj941 0 NjNj E

Plate LXXVIII: Photograph of quartz vein in greoloured biotite schist ne&utsen
Burka at8NINLA SGhONM DH7A 01Nj 12NjNjE

Plate LXXIX: Photograph of quartz vein in biotite schistthmek of Dutsen
Burka atN1BN &808 B3N 01N 06 NjNj B

Plate LXXX: Photograph of quartz vein in biotite schist hosk neaiGidan Boss
at 11ANSRANabhd O0O7A 01N 40NjNj E 95

Plate LXXXI: Photograph of PBG with feldspar pheno¢nyst trend NNESSW
at1r 4 9 Nj 1 8 NfN) 3NNj Ea4n9dNjN) 7 96

ol



Plate LXXXII: Photograph of quartzofeldspathic pegmatite (50 cm width) i )
whalebackPBG outcropat 114 9 Nj 1 7NjNj N and 079% O03Nj 08N

Plate LXXXIII: Photograph of artisanal ming activities around Gidan Chido
at 11A52Nj48NjNj]N and 07AO03Njl5NjNjDB6

Plate LXXXIV: Photograph of artisanal mining activities around Gidan Boss
at 11A51Nj3ONjJNJN and 07 AO02N;j55 NjNjB6

Plates LXXXV:Photographs of active artisanal mining of ptageposits around )
Dut sen Burka at 11A51Nj22NjNJN am®d 07 A0 2 Nj

Plate LXXXVI: Photographs of active artisanal mining of placer deposits around )
Dut sen Burka at 11A51Nj22NjNJN af7rd 07 AO02N;

Plate LXXXVII: Photograph of pit dug to pardiments for placer gold around
Dutsen Burkaat 15 1 Nj 1 6 NjN) 1NNj aln6dNjN) 7E 97

Plate LXXXVIII: Photograph ofnining site under construction showing Kycheri
Mining Coope at i ve Soci et ydatdo7A1 @ NN@ESE 95 0. 3 NjN|

Plate LXXXIX: Photograph showwg panning by liquefaction 99

Plate XC Photograph showing concentric groove in panning plate. Observer point
to a gold grain 99

Plate XCI Photograph showing different orientationegifon of 6 mmgrain
with sharp edges 100

Plate XCIt  Photograph of grains with (a) sharp edges but flattened and (b)
smoothcurved edges 100

XXIV



LIST OF APPENDIX

APPENDIX PAGE
APPENDIX I: Point counting with JMicrovisiosoftware 118
APPENDIX I Trend of foliation in gneisses in degrees (°) 118
APPENDIX III: Trend of foliation in metasediments (mica schist and phyllite)

in degrees (°) 119
APPENDIX IV: Trend of longer axis of phenocrysts in porphyritictibe

granite in degreeg) 119
APPENDIX V: Joints on gneisses in degré&s 119
APPENDIX VI: Joints on schists in degre@¥ 119
APPENDIX VII: Joints on granites in degre@} 120

XXV



LIST OF MAPS

MAP PAGE
1. Geological map of Funtua Sheet 78, NW at 1:50,000 scale Backpocket
2. Geological map of area near Kutcheri at 1:25,000 scale Back pocket

XXVi



CHAPTER ONE
GENERAL INTRODUCTION
1.1 THE NIGERIAN BASEMENT COMPLEX
The surface area of Nigar923,768 kmis covered in nearly equal proportions by crystalline
rocks and sedimentary rocks. The crystalline rocks are further divided into three main groups

viz: (i) the Basement Complex; (ii) the Younger Granites and (iii) Terti&gcent volcans.

The Nigerian Basement Complex forms a part of theAfanan mobile belt and lies between

the West African and Congo Cratons (Fig. 1.1) and south of the Tuareg Shield (Black, 1980).
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Fig. 1.1: Location of Nigerian sector of the Pafnican Province of West Africa
(After Turner, 1983).



The Nigerian basementhich occupies the reactivated region that resulted from plate collision
between the passive continental margin of the West African Craton and the active Pharusian
continental margis dfected by ParAfrican Orogeny(Burke and Rwey, 1972; Dada, 2006) as
illustratedin Fig. 1.2. Condie (1989) observed that the Kibaran and Pan African events affected
mostly the Godwana continent and did not seem to have strong counterparts in othentsontin
Tectonic activities in the interludes between the tectbeomal events were limited mostly to

anorogenic magmatism and rifting.
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the basement aVestern Nigeria (modified from Burke and Dewey, 18Y¥Danbatta, 2008).

Several researchers have worked on the Precambrian and Upper Paleozoic Basement Complex of
Nigeria where they investigated its structural, physical, geochemical, geochronological,
metamorphic, petrological and mineralogical aspects.

The present works is aimed at establishing petrogenetic characteristics of the lithological units in
Funtua Sheet 78 NW and study some aspects of gold mineralization in Kutcheri, Wonaka Schist

Belt, Norhwestern Nigeria. The study area is located at the southeastern edge of the belt.



1.2 LOCATION A ND ACCESSIBILITY

The dudy area is located within Tsafe and Faskari Local Government Areas of Zamfara and

KatsinaStates respectively. It lie within the Fedral Survey map of Nigeria Sheet 78, Funtua
NW. It covers an area of 77km® and is bounded by latitudes °415 Hpd 120 0 Nj N

longitudes 70 0aid PL5Nj E )} Fi g. 1. 3
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Fig. 1.3: Study area within &eological sketch map of Nigeria showing the magmological
components; Basement, Younger Granites, and Sedimentary Bat@énObaje, 2009

Generally, the area is quite accessible during dry season owing to numersaasalh and
seasonal roads that casoss the ared he southwesterpart of the study area igraversed by
major tarred road from Zaria through Yankara to Gusau. The southeastern partkiesafih

of Shemi town with numeus minor roads and foothpaths.minor road that passes through

and



Yan Mallamai to Talata and Dan Sabo litke northeastern part of the ar@éaother minor road
that span from Yankara, Yan Mallamai ahalatapassedhrough Yakuzua to Takulawaased

access to the northwestern part.

1.3 RELIEF AND DRAINAGE

The area isgenerally an undulating lgin. The highestpeak is the Kuruku Hill at the
northwestern edg with elevation of about 820 rabove sea level. The other parts are
characterised by rugged topography with gently isppsurfaces ranges from 720 (@t the
southwestern part) to 740rtat the southeasternagp) above sea level. The central and
northeastern parts have low relief characterised by valleys and gullies filled with alluvium
terraces. This lowland aréas elevation of between 460 and 65@bove sea level.

Generally the area hagegional slopdrom the south to the north andvers Geauri, Yakuzau,

Gagere and Kamoki drathe area

1.4 CLIMATE A ND VEGETATION

The mapped area 8ewithin the Sudan Savannah Zone. It has a shorter raining season (about
five months) than the Guinean type. Annualat rainfall is about 1000 mm, but there are
considerable variations from year to year. Both the diurnal and the monthly temperature range
are much in the subquitorial and Guinean Savannah regions. The relative humidity is low,
particularly in the drysason, rising from about 40 % in January to 70 % in July (Udo, 1R78).

falls within the Northern Guinea sawnah zone (Udo, 1978).

Gallery forests are characteristic feature of the vegetation of this belt. These are areas of greater

tree density usuallgalled fringing forests since they are found along water courses where the



soil is usually moist. They are usually low and continuous, covering no more than 12 m (40ft) on

each bank (Udo, 1978).

1.5 PREVIOUS WORK

Considerable work has been donegeochrmology, petrology, mineralogy, evolution and
mineralization potentiabf the schistbeltsin northwestern Nigeria.

McCurry (1976) reported that the Paleozoic and Precambrian rocks in northern Nigeria can be
divided into four major groups and these are Basement Complex, Younger Metasediments,
Older Granite Series and the Volcanic rocks. Turner (1983) egthatvat Wonaka belt is
distinctive in compsition and metamorphism. Also, the metamorphism is of higher temperature

and low pressure than in other belts

Russ (1957) reported that alluvial gold deposits in northwestern Nigeria occur in present river
channels and other boulder washed deposits related to older drainage patterns. Garba (2003)

reported that gold occurs in quartz veins cutting schists, ggeeigranites and other rock types.

Around Gidan Mesa (formerly called Mallan Tanko or Maimesa) and Shemi areas, several
workers (Ogezi, 1977; Onyeagocha, 1979) have investigated ultramafics with chromium, nickel
and anthophyllitemineralization. Baer anlaeser (1981) also reported that chromium occur
mainly as drogdike lenticular grains. Shibayan (1985) reported that the Mallam Tanko

serpentinites contain chromite pods.

In 1994,some final year students of Ahmadu Bello University, Zamaked on thegeology of

areas within southwest and central part of the study area.



McCurry (1976) andrurner (1983) observed that Wonaka belt is distinctive in ositipn and
metamorphism. HoweveDanbatta (2008) predicted the possibility of the occueesf BIFsin
the Wonaka belt. Aie lithological and other descriptions of the schist belts revealed close

association of the BIFs with the metasediments aeiwolcanics (Mucke2005.

1.6 PRESENT WORK
1.6.1 Aim and Objectives
The present works is aimed at estsitilng petrogenetic characteristics of the lithological units in
Funtua Sheet 78 NW and study some aspects of gold mineralization in Kutcheri, Wonaka Schist
Belt, Northwestern Nigeria.
The objectives include the following:
a. To investigate utilization of Rente sensing technique for lineament, lithological and
alteration mapping.
b. To undertakeletailedpetrographiaescriptionof the variougock types
c. To establish the metamorphic signatures from field studies, petrography and geochemical
analysis.
d. To carry aut investigation on gold grain morphology and determine indicator elements
for gold in the area
To accomplish the statedm and objectivesthe scope of present work is:
I. To undertake literature review and remote sensing interpretation of the study area.
ii.  To produce aetail geological andhap of tle study area on a scale of 1.
ili. To produce a detail geological and structural map of area around Kutcheri on a
scale of 1:25,000.

iv. To prepare thin section of representative rock samples for petrographésstud



v. To collect representative samplesactks for detailedjeochemical studies

vi. To collect sediment samples for panning to recover alluvial/eluvial gold grain in
order to determine their morphology.

vii. To collect quartz vein samples randomly in order teemeine contents of target

and pathfinder elements.

1.7 JUSTIFICATION OF STUDY

A need for largescale mapping of parts of &aka schisbelt to undersind its petrogenesis
cannot be overemphasizelso, most of the schist belis northwestermigeriathat havebeen
studied are plymetallic and are known to hawvaineralization such as gold (Elueze, 1B8
Garba, 200g BIF (Mucke et al., 1996, Ibrahim, 2008), marble (Wright, 1985), manganese
(Mucke, 2005)associated with them. The Wonaka Schist Belt pritlbably not be an exception;

hence the need for its detailed study.

1.8 MATERIALS AND METHODS

1.8.1 Preamble

This covers the methodologydapted in the present research work. The study was carried out in
7 phases. These include: (i) literature reviewy;rémote sensing; (iii) field work (iv) sampling

(v) panning (vi) map digitization (vii) laboratory analysis

1.8.2 Remote Sensingnterpretation
Satellite imagers of the study area were acquired and studiée satellite images were
acquired fromLandsat 7 Enhanced Thematic Mapper Plus (ETM+). Also,Adnanced

Spaceborne Thermal Emission and Reflection (ASTER) Global Digital Elevation Model



(GDEM) draped on topographic map of the study area were used for the interpretation of
physiographic feature® aid reconnaissance field work. Subsequentiypssts of the ETM+
scene (Path 189/Row 052, acquired on October 19, 8@ processed using ¢hENVI 4.5

image processing and analysis softw&eGIS 9.1 and GCl Geomatica Sbftware pakages

are bothused in digitalprocessing, spectral enhancement, spectral classificatidrgeospatial
analysis of the produced enhanced imdges$ithological classification andlentifying alteration

types

TheENVI 4.5, PCFGeomatica software was used €igital image processingith methodology

shown in Fig. 1.dbelow.

LandSat Thematic Image

Geometric correction

Spectral Ratio Principal Filtering PC + SPC
Enhancement Components
5/7.5/4 123 and 741 Edge and direct filters
3/1
Enhancement
Colour clampnsH'e.s

1 . .
Lithology Linelamen-i- Alteration/Mineral

Fig. 1.4 Methodology diagram for processing and enhancement of LandSat Thematic Image (After
Amudaet al.,2014).

The color composites with band ratios that are literally knasensummarizechithe Table 2.2



Table 1.1 Summary of literally known band ratio composites

RGB d]Fpla}' of Red Green Blue
respective TM correspondent correspondent | correspondent Extra Reference
band Ratios P P P
Yellow, orange
5/7:3/2:4/5 Clay-rich areas FeO rich areas areas both clay and Abrams et al
- L (1983)
FeO rich
Minerals S%H ;::(?C)
Ti4:4/3:57 confaining iron | Vegetated zones | b4e'1rin. Kaufmann(1988)
ions sanng
minerals
FeO as apricot
34:5:57 yellow and the Jingyuan &
T background as sky- Xueman, (1991)
blue
5/7:5/4:31 Clay minerals Iron minerals Ferric oxides Chica-Olmo(2002)
154 Izgrfilal‘efd_.z‘;nf“ Abdelhamid &
S =R - %“l’u: violel- Rabba(1994)

1.8.3 Fieldwork and Sampling

Three days reconnaissance field work was undertaken in order to establish traverse grids as well
as confirm lithologic boundaries deducedrh the remote sensing interpretations.

Detailed fieldmapping using Compasslobal PositioningSystem (GPSjraversing methoavas

carried out for two weeks from March thsto 2%h, 2012. Compass clinometer was used to
measure trend and dips of litholodi@nd structural features on outcrops. All observations at
different locations were recorded in field noteboAkshovel was used to sample sediments for
panning and sievingRepreentative rock samples for petrographic studies and geochemical
analysis wee collected from outcrops with a sledge hammer. Also, a chisel head hammer was
used to randomly sample quartz veins at about 30 m interval. The entire area of sheet 78 NW
Funtua was mapped at a scale of 1:50,000, while a small area with gold occurrerees we

mapped at a scale of 1:25,000.



1.8.4 Panning

Three field sampling pans were used to sample 20 kg each of sediments from pits around banks
of River Kaya (Dutsen &ka), Kutheri Ceoperative mining site (Gidan Bgsand Dankaya.
Panningof 60 kg sedimats was carried out in Sedimentology Laboratory of Department of

Geology, Ahmadu Bello University, Zaria.

1.8.5 Map Digitization
Maps of the study area were scanned and uploaded into Maplinfo software (Mapinfo
Professional 11.0). They were digitized aale of 1:50, 000 and 1: 25,000. The 1:25,000 map

for areas of gold mineralization, while the 1:50,000 map covers the whole Funtua 78 NW Sheet.

1.8.6 Laboratory A nalysis

Thin section productiorand Petrographic analysis

Thin sectiong30um thickness) ofL6 representativeock sampleswvere prepared, studied under
polarised light microscope and photomicrographs were taken with digital camera at the
Department of Geology, Ahmadu Bello University, Zaria. JMicroVision software (Appendix I)

was used for poirtounting (modal analysis).

Geochemical Aalysis

Samplesselected for geochemical analysisre airdried at room temperature after which they
were crushed in a Labatory Jaw CrusheiThe resultant samples were pulverized in arafibg

Disc Mill. Final sze reduction, mixing and homogenization to < 7B were done vth a Mixer

Mill . Eight gram (8.0 g) each of twelve samples inclusing five gneisses, six metasedments and

onequartzourmaline rock were thereafter shipped to ACME Analytical Laboratories,

10



Vanouver in Canada for major and trace element geochemistry using Inductively Coupled Mass

Spectrophototmeter (ICGKS) and XRay Flourescence (XRF) techniques.

One gram (1.0 g) each of the quartz veampés was digested with 20 ml of 3mixture of
HNO3-HCl (Aqua Rega) in a 100 ml glass beaker. These were then placed on hot plate and
boiled gently at 95° C for 1.5 hours to slowly evaporate toly@asty mass and removed from

the hot plate to coolThe contents volume was made up to 50 ml with distillatemin a glass
stoppered graduated test tube. After filtration, the leached solutions were rinsed with distilled
water to 100ml. The solutions werkept asideundigurbed overnight and appropriate aliqobt

the supernatant kdgion were taken foanalysis of Au, Pb, Hg, Cu, Ag and ZasingVarian AA

240FS Atomic Absorption Spectrophotometer atltM User Science ResearchLaboratory

AhmaduBello University, Zaria

1.8.7 Data Interpretation

Geochemical data fopetrogenesisvere interpreted with geocheital data tool kit (GCDkit)
software through the use of various discrimination diagrams. Descriptive statistics and
multivariate statistics {test, correlation coefficient) were used to establish the distributiory inter
element and intesample variabilig. Also, structural data were plotted with rosette diagram

software (Rozeta 2.0).
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CHAPTER TWO
REGIONAL GEOLOGY
2.1 PREAMBLE
A review oflithology, evolution, structural frameworgeochemistryof the Nigerian Bsenent

Complex and gold mineralizatiomas attempted

2.2 NIGERIAN BASEMENT COMPLEX

2.2.1 Lithology

The basement is characterised by synclinorial belts of low grade metasediments downfolded into
high grade gneisses and migmatites, the whole intruded by batholitic granites. It is chadacteris
by process of several phases of deformation, recrystallization and intrusion, the last of which is

thePan Africanorogeny (McCurry and Wright, 1977).

Ajibade and Fitches (1988) reported that the basement comprises three major lithological groups
(Fig. 2.1):

(i) the migmatite gneiss complex which is esgpread throughout the country;

(i) metasedimentary and metavolcanic rocks which form schist belts and appear to be
dominantly restricted tthe western half of the country;

(iif) the Older Granites kich intrude both the migmatite gneiss complex and the schist belts and

have consistently yielded P irican ages.
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Fig. 2.1 Basement Geology of Nigeria: The Migmat@émeiss Complex (mgn), the Schist Belts (sb)
and the Older Granites (0g). (Wrigh88b).

Migmatite-Gneise Complex

The Migmatitei Gneiss Complex is generally considered as the basement cosepkax stricto
(Rahaman, 1988; Dada, 2006) and it is the most widespread of the component units in the
Nigerian BasementThe migmatite gneiss amplex is polycyclic in nature. Russ (1957)
considered the gneissic complex to represent the oldest member of Precambrian basement in
northwestern Nigeria and that it evolved by successive sedimentation, deformation,
metamorphism and igneous intrusion oaefast period of history of the basement.

Three petrologic units characterilge migmatié gneiss complex (Rahaman 1981). These are

i. Grey gneiss or early gneiss: A grey foliated biotite acid/or biotite hornblende quartz

feldspathic gneiss of tonalitto granodioritic composition. It is present in most outcrops.
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il. Mafic to ultramafic component which, whepesent often outcr@gpas discontinuous,
boudinaged lenses or concordant sheet of amphibolites with minor amount of-rimbtite
ultramafics. Excpt where it constitutes the paleosome to the migmatite, it is present in
grossly subordinate amounts to the grey gneiss.

iii. Felsic components which are a varied group of rocks consisting essentially of pegmatites,

aplite-quartzoligoclase veins, fine gi@ed granite geiss, porphyrytic granites etc.

Metasedimentary and tavolcanic rocks

Two types of Metasediments are identified; the Oldetddediments which occur predominantly
in the sothwest (Rahaman, 1976) and the Youngestddedments (low grad&hich occur
predominantly inthe northwest (McCurry, 1971The metasedimentary and metavolcanic rocks
are considered to be Late Proterozoic cover infolded into the gnaissatite. They outcrop

mainly as NS to NNESSW trending belts (Fig. 2.2). They edsally include:

(). Birnin Gwari Schist BIt: It is underlain byquartzefeldspathic rocks of Zungeru Formation
and togetherthey form a single structural unit named feruBirnin Gwari Schist Belt.
Zungeru Formation outcrops on both flanks of the stchelt. It is largely made up of fine
grained quartzdeldspathic rocks which are interbedded withphiibolites and some quartzites.
The Birnin Gwari Schist belt mainly comprises phyllites, mica schists, interlayered with

metagreywacke, pebbly schist amétavolcanics (Apade and Wright, 1988).

(i). Kushaka Schist Blt: This is a metasedimentary succession of schist, phyllites and banded
iron formation, intruded by large volumaf granitic rocks engulfing the whole formation and
fragmenting it into smadlr bodies separated byigmatite gneisses Amphibolites are locally

very thick, suggesting large volaaraccumulations (Grant, 1978).
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Fig. 2.2 Schist belt localities within the context of the Geology of Nigeria (After Woakak,1987)

(iif). The Ushama FormatianThis lies west of ZingeruBirnin Gwari schist belta and the
smallest of all the schist belt of northwestern Nigeria. It was mapped as part of Kushaka
Formation by Truswell and Cope (1963)cdtnsistgpredominantly of mica schists, gtz schists

and quartzite with amphibolite layers. Staurolite crystals were collected near the contact with
Zungeru mylonites, an indication of amphibolite facimetamorphism. It is not clear if the
staurolite waglerived from Ushama schist or from thdiacent Zungeru mylonites (Ajibacds

al., 1979).

(iv). Maru Schist RIt: This lies 200 km northeasif Kushaka schist belts. Pelitic rocks are
dominant occurring mainly as phyllites and slates interlaminated with siltstone. Banded iron
formation, contaimg magnetite and haematite or garnet and grunerite is also present. Mafic

volcanic rocks are represented by the amphibolites at several localities and micaceous quartzites
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occur near the eastern margin of the belt. Western margin of the belt is chaddigrgranite
intrusion as typified by Maiinchi granodiorite, and at the middle of the lyelkamoma syenite

(Turner, 1983).

(v). Anka Schist RIt: It lies west of Maru schist belt, with both separated by theAPacan
Maiinchi granodiorite, and by ar@bably older gabbrgranitepegmatite complex. The rocks

include metaconglomerates, sandstones, slates, peyhtdacid volcanic rocks (Hpl982).

(vi). Zuru Schist RIt: This is the largest of all the northern schist belts. The metasediments are
notably quartzites (massive and schistose varieties), with subordinate amounts of quartz biotite

schist (Danbatta, 2008).

(vii). Malumfashi Schist Belttt lies east of Kushaka schist belt consists mainly of muscovite,
muscovitebiotite schists and phylliseinterbedded with thin quartzites (McCurry, 1973). The

pelitic rocks include minor graphitic and feldspathic schists.

(viii). Kazaure Schist Beltlt lies northeast of Malumfashi belt is an area of low grade
metasediments and metavolcanics comprisirgrtgites, conglomerates, schistose rocks, meta
rhyolites with rare ferruginous quartzites (iron formation). Thresksare bounded by gneisses,

older quartzites and intrusive granites (Danbatta, 2002).

(ix). Wonaka Schist Blt: The main rock typen this beltis a finegrained quartbiotite rock
referred to as hornfelsic schist, in places containing sillimanite, cordierite or garnet, forming a
monotonous expanse with constant foliativend (McCurry, 1973)Metamorphism is of a

higher temperature andwer pressure type than in other schist belts. This may be due to the
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close association of the belt with large granite batholitic masses of granite and granodiorite

which almost engulf the belt (Turner, 1983

Although they display some lithological crast, Ajibade and Fitches (1988) conclude that the
protolith of all the belt®&xcept Zuru in northwestern Nigeria are predominantly pekiishaka

and Marubeltsare characterised by quartzitesd pillow basic rocksBirnin Gwari and Anka

belts havepre-existing greywackes and conglomérdiorizon before metamorphisigbuniwe
(1982). The Birnin Gwari and Anka on the other hand are characterised the presence of meta

volcanic rocks otalcalkaline type (Holt, 1982).

Older Granites (ParAfrican Granites)

This include a group of discordant, intrusive, {atectonic to concordant, syntectonic bodies
varying from small subelliptical plutons to large batholiths (Ogezi, 1988). They constitute
about 4050% of the basement complex outcrop and vary in compoditom tonalite through
granodiorite, gabbro, charnokites to granite and syenite. Granodioritic composition is the most
common (Rahaman, 1976).

Granitic bodies are widespread and range in size fromelliptical plutons to masses of
batholithic dimensins over 100 km in length. The masses may or may not be foliated and are
concordant and elongated to the regional structural trend (McCurry, 1976). Other granitic rocks
described according to their petrographic affinities are porphyritic granites, fineedaum
grained granite, syenite, quartz syenite and fayalite quartz monzonite (baustlescabed by

Oyawoye (1972).
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2.2.2 Evolution of the Nigerian Basement

The Nigerian Basement Complex is a polycyclic assemblage of heterogeneous migmatites and
gneisses, metasediments and granites that have undergone a complex evolutionary history
spanning through Archaean to Pafrican (Late Proterozoiclimes Qgezi, 1977;Rahaman,

1983). The rocks are believed to be the results of at least four major oroggries of
deformation, metamorphism and remobilization esponding to the Liberian (2,650 = 15a),

the Eburnean (2,008 50 Ma), the Kibaran (1,10& 200Ma), and the PaAfrican cycles (600

+150 Ma). Olade and Elueze (1979), Ogezi (1977) have favolaegely ensialic processes in

the evolution of the schist belts whilst Rahaman (1981) and Egbuniwe (1982) have stressed the

importance of ensimatic processes in the formation of the schist belts.

Danbatta(2008) observed that the lithostratigraphy atase association of thidigerian schist

belts with either Ank&auri-lseyin (AYI) or KalangaiZungerulfewara (KZI) fault is
sufficiently known to allow the erection of a new model of evolution for the whole schist belts.
The model considers the evolutiohsome of the schist belt to correspond to the initial stages of
rifting, backarc extension, formation of epicratonic basins; and deposition of rocks of the schist
belts in Birrimian time. This was followed by the first tectanetamorphic event during
Eburnean time, culminating in a second tectometamorphic Paw/frican event.He concluded

t hat Nigerian schist belts with Algoma type

without Bl F6s a-Afgcangnmgei mat i ¢ and Pan
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2.2.3 Structures
The kasement terrain is highly deformed as a result of various tectonic events with differing
intensities. The resultant structure includes foliation (alternation of sihaitcc minerals), minor

folds, joints, fractures and faults.

Each of the therotectonic events produced characteristic imprints on the basement rocks.
However, the Pawfrican event was so pervasive thahéarly obliterateanost of the structures

of the earlier events, leaving behind mogtigir traces (McCurry, 1976; Rahamany&9Grant,

1978. Two major regional (transcurrent) fault syste(AskaYauri-IseyinrAY|l and Kalangai
ZungerulfewaraKZI fault systems) trendng NESW occur i Nigeria and these had probably
developed during the late Radrican orogeny(Garba, 2000). Tése fault systems are dextral
wrench faults with displacements in the order of tens of kilometers and have associated locally

developed conjuda sinistral faultsanbatta, 2003).

The most prominent structural trends are th& Nlanar structurelut reicts of EW, NW-SE
and NESW structures are preserv@diuyide, 1988). Oluyide and Udoh (1989)he basement
is also characterised by several sets of fractures with the north easterly and north westerly

conjugate sets predominating (Oluyide, 1988).

Zungewu-Birnin Gwari Schist belt is a simple-8 syncline, 150 km long, with the northern part
displaced dextrally by a NBW transcurrent fault. ie Birnin Gwari Schist Belbccupies the
synclinal axis of the belt and is characterized by conspicuous-8BIE trexding ridges
(Ajibade, 1980)Kazaureschistbelt is structurally simple, free from central granite intrusion and

mafic igneous rock.
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The PaprAfrican granites are usually elongated in a northernly direction an observation that
shows that the Pa#frican granite plutonism most probably exploited existing structures in the
Older Basement (Oluyide, 1988)laru beltis a straight NNErending belt with a steeply
dipping foliation (Ogezi, 1977)Zuru schist belt can be described in terms of three phases of
regonal defemation D1, D2 and D3D2, being the main cleavageoducing deformation phase

that intensely folded the rocks into isoclinalsSNrendingupright folds (Danbatta, 2002).

2.2.4 Geochemistry

The main types of geochemical werkndertaken on théasement rocks of Nigeriaclude
major, trace, athrare earth element (REE

Rahanan (1988) concluded thatsegnificant geochemical step forwardtire study of the schist
belts ofNigerian basement ithe realization that most of the ampHites areof igneous rather

than sedimentary origin. Amphibolites are largely tholeitic in nature and of oceanic floor and

island arc affinities (Ogezi, 1977; AjibadE980; Olade and Elueze 199

Geochemical studs byOlanrewaju, (1981 andOlanrewaju and Rahaam, (1982) have shown
that although the Olderr@nites in the basement contain significant amount of iakk#hey are

slightly paraluminas with corundum appearing in the norm.

Okunlola and Okoroafor (200%0ted that variation plots involving Bag, Al,O3, and KO on

one hand and Ti©and SiQ on the other hand reveal arkosic sedimentary progenitors for the
rocks in Okemesi fold belt. In addition, La/ Th and Th/U ratio suggest that the rocks especially
biotite schist is associated with post Archean ety Upper Crustal sources while Chondrite
normalized rare eartklementsignatures of samples further indicate low grade post Archean

terrigenous sedimentation of rocks derived from possible mixture of graomtdities.
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Also from trace element geochestny of lle-Ife Schist belt, Ramaanet al, (1988) noted that the
varieties of amphibolites (massive melaraticr and foliated leucocratic) wee derived from two
norrcomagmatic igneous precursors. Relatively high abundances of incompatible trace elements
and light rare earth elements (LREE) in the gneisses are thought to be due to contamination with

crustal sources.

Rahmanet al., (1987) worked on the geochemistry of granitic rocks of western part of Oban
Massif and noted that the granitic rocks are lpennous and exhibit an apparent trend of
decreasing normative diopside and increasing normative corundum with increasinyl§je

and trace element compositions of the rocks show a typicahtiatine dfferentiation trend.

Chemical data show thathe lit-parlit gneiss in southeastern Nigeria is granodioritic in
composition (Ekwueme, 1992The trace elements characteristics of the migmatitic gneisses,
charnockitic gneisses and mgteridotite in the area of southwest Obudu Plateau indicate that

the area exhibits a high geee of geochemical variability (Ukwareg al. 2003.

Onyeagocha (1986) worked on geochemistry of basement granitic rocks from northcentral
Nigeria. He noted that the granites and granite gneisses hiéer simajor element compdn.
Chondrite normalized rare earth pattern show normal magmatic abundance and point to
derivation by partial melting of country rocks (schists and gneisses). High Th content-of 15.1

31.3 ppm suggests a crustal origin for these granitic rocks.

On geobemistry and origin of ensialic alpistgpe serpentinite association from Mallam Tanko
(Shemi) and Ribah (Wasagu) northwestern Nigeria, Ogezi (1988) noted that the metasediments

and granites are similar to depletegiaétype peridotite. Also,absence oftypical mafic
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components of layered complexes suggests that they are tectonic intrusions of depleted upper

mantle rocks emplaced along basement lineaments during the deformation of the basement

Danbatta and lke (2001) conclulefrom major and trace eleme geochemistry of
metasediments (mica sesk8 and quartzites) in Kazuarehsst Belt that the protolith include
shalegreywacke and clay sediments. Moreover, Danbatta and Garba (2007) noteddhaiich
trace element data reveal that the amphibolitéginu Schist Belt have extremely lows®; high
Al,O3 and low TiQ, Nb, Zr, Y, Ni and Cr contents, which are typical siahdarc or back arc

settings.

2.2.5 Sediment maturity and Source area weathering of metasediments

The weathering effect on metasedimhean be estimated by the Chemical IndeXlodration;

CIA = 100[AlL,O4/(Al 03+ CaO*+ NaO + K,0)] in molecular proportions, where CaO* is CaO

in silicates only (Nesbitt and Young, 198R)esbitt and Young (1982) also proposed Correction

for CaO (CaO*) =CaO1i (10/3 x BOs). If the corrected CaO* was less than the amount of
N&O, this corrected CaO* value was adopted. If the CaO* value is greater than the amount of

NaO, it was assumed that the concentration of CaO equals that@f Na

Furthermore, the bhex of Compositional Variability, ICV = (EF©s;+ K,O + NgO + CaO +
MgO + TiO,)/Al,O3 of Cox et al., (1995)measures the abundance of alumina relative to
t he ot her maj or cati ons I n a rock or mi n e

of maturity of rocks delivered to a sedimentary basin.

The Chemical Index of Alteratio (CIA) and Index of Compositional Variabily (ICV) are
useful geochemical parameters for the study of provenance, paleoclimate conditions, maturity
and intensity of weathering (Ccet al., 19%; Nesbitt and Young, 1932Variable degrees of
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weathering in the source area lead to relative deplefiaikali and alkali earth elements and
enrichment in AIO; and TiQ in the resulting terrigenous sedimentary rocks (Neshital.,

1980.

The Index of Compositional Variability (ICV) value is more than 1 in immature sedimentary
rocks with a high contenbf non-clayey silicate minerals, which tends to be found in
tectonically active settings (van de Kamp and Leake, 1985). Mature pelitic rocks enriched in clay
minerals are characterized by lower ICV values (Gaxal, 1995), which charaerize
tectonically quiescent or cratonic environment§Vdaver,1989 where recycling and

concomitant weathering are active.

Okunlola and Okoroafor (2009) report€themical Index of Alteration (CIAf schistose rocks

in the Okemesifold belt, southwestern Nigerr@vealaverage values of 69.7 %, 85.9 % and 91.2
% for the quartz schist, mica schist and quatrgispectivelyThese values point to relatively
intense chemical weathering of the source ro¢k quartz schist, biotiemuscovite schist and
the quartzite havaverage ICV values of 0.68, 0.85 an@3 respectivelyAlso, Okurola et al.,
(2009) reportechverage ClAvaluesfor quartz schist (57%) and amphibolite schist (4260)
Ibadan aredn comparison, quartz schists from Igarra area have an average ClAovalBi®%
(Okeke and Meju, 1985) which is less thwse of Jakura area (Elueze and Okunlola, 2003)

with an average value of 62.1%
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2.2.6 Gold Mineralization

Gold occurrences in Nigeria

The Nigerian Paifrican is perceived to be less endowed wibld when compared with

similar, but older terrains known in Early Proterozoic West African Craton (Garba, 1990).

There are several areas of gold occurrences in Nigeria, mostly concentrated in the western half of
the country and associated with the supusial (schistbelty. The first report of gold
occurences in Nigeria was by Dust§h911). Gold mineralization is present in alluvial and
elluvial placers and primary veins from several parts of supracrustal (schist) belts in the
northwest and southwest Nigeria. The most important occurrences are found in Anka, Zuru,

Maru and Kushaka schist belts in the northwest and Edbanlu and llesha schist beltsthe

southwest (Garba, 2003) as shown in Fig. 2.6.
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Fig. 2.3 Areas of Gold mineralization iNigeria (after Garba, 2000)
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About twenty five percent of the total 12 tonnes of the recorded (12925) gold production
was derived from IfdleshaEgbe goldfields (k. 2.8), while othersame from the Minn&irnin

Gwari and Sokoto gold fields (Ajayz003).
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Fig. 2.4:Gold production potential in Nigeria (Ajayi, 2003)
Earlier workers (Russ, 1957Akandeet al, 1988;Garba, 2003; Talaat and Mohamm&0,10
have been able to outline four goldfields within the western province of the basement rocks of

Nigeria. The four goldfields are:

I Okeogun, Ifé" llesha and Isanlu Egbe goldfields
ii. Minnai Birnin Gwari goldfields
iii. Zamfara (Anka, Sado and Maru) goldfields

)Y Yelwa (Bin Yauri) and Okolom goldfields

Structural controls of gold mineralizabn and metamorphism
In Nigeria, gold mineralization and hydrothermal alteration appear to have accompanied the
brittle faulting. CQirich metamorphic (hydrothermal) fluids of crustal origin have been

implicated br the genesis of the mineralizatiomhegold mineralizing fluids were channelléal

25



depositional sites vim NW 1 SE trending subsidiaryprittle fault that was linked to the
transcurrent Anka fault (Garba, 2000; 2003). Tnaeralizedveins vary from 0.5 cm to 0.5 m
along a strike length of @ 2km (Akande and Kinnaird, 1990).

The NE SW and NNESSW regional fractures controlling the mineralization are deep seated.
The similarity of the possible fluid source in the entire gold mineralization site studied in the
Nigerian Basement may be an ication of gold orefluids active on a regional scale. Structural
settings also suggest the emplacement of gold mineralization to be |lagdrian, subsequent

to peak regional metamorphism and granitoid intrusion (Garba, 2003).

The workings in the oldjold minesin the Anka area consist of elongate open piignad
generally in a NS direction, indicating that the mined auriferous quartz veins were also aligned

in a NS direction conformable with the surrounding host rocks (Danbatta, 28186). Akancde

et al, (1988) observed that vein contacts are strongly sheared and the contact zones consist of

quartz, sulfide, stockworks and stringers.

Some of the Nigerian goldfields lie in the amphibolite facies biotite granite gneiss of the
Proterozoic age. Thgold mineralization occurs in quaitarbonate veins extending about 1km
along a secorisbrder fault/shear zone trending NNE parallel to the Ifewara transcurrent fault,
which is 4 km to the west (Garba, 2000). Gold emplacement here was inferred to Renlate
African on the basis of structural relationships, and the main control of mineralization being
subsidiary fault zone which is parallel to the Ifewara transcurrent fault (Garba, 2000; 2003).
Gold-quartzcarbonate veins, for example at Bin Yauri, aated by a brittle fault zone cutting
hornfels in a contact zone of Rafrican grarodiorite batholith intruding pHites and

tourmalinites of the Zuru schist béarba and Akande, 1992)
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CHAPTER THREE
REMOTE SENSING AND SPECTRAL ANALYSIS
3.1 PREAMBLE
In this study ASTERGDEM was draped on tapographic map to havela\8ew of the study
area. Also, image processing techniques including band ratioing and false colour composition on

Landsat TM bands aided lithologic, structural and alteration mapping.

3.2 DIGITAL ELEVATION MODEL
Digital cartographic dataset of elevations in xyz coordinafethe study area was draped on
topographic map to have a[lB perspective view of physiographic features. Atlas shader

displayed topographic variations with color (F&gl).
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Fig. 3.1: ASTER GDEM draped on topographic map of the study area.

The highest outcrop (Kuruku Hill) lies at the northwestern edge of the study area. Other smaller
outcrops and features like the major rivers and their tributaries, access mzadsafd minor)

are seen.
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3.3 BAND RATIOING

Band ratios were prepared by dividing the digital number (DN) values of each pixel in one band
by the corresponding DN values of another band (Drury, 1993). Band ratio technique enhances
the objects based othe differences in reflectivity between the numerator and denominator

spectral bands (Frei and Jutz, 1990

Several researchers dealt with the lithological mappirigguband ratio images which was
applied on Thematidapper images (e.g., Kaufmann, 198ltanet al., 1987; Kusky and
Ramadan, 20025ad & Kusky, 2006; Frei & Jutz, 19D). In the currentontributian, the band

ratios (5/7) and (3/1yere applied on the ETM+ subset coverihg studyarea.

The band ratio 5/7 image (Fig. 3.2learly discrimirates the granite and gneisgbsght tone)
and the metasediments (dark tond).similar image tone was also noted for granitaughe

South Eastern Desert, Egy@ioheir and Enam, 2012).
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Fig. 3.2: ETM+ band ratio 5/7 of the study area showing granidlegaeisses with high tone white to mist
grey.

Reverse of band ratio 5/7 was observed for granitoid rocks on the ETM+ band ratio 3/1 as they
mainly displayed dark grey tone. Alluvium on terrace around stream channels had bright white
tone (Fig. 3.3). Youband Shedid (1999) reported similar pattern for granitoids in central eastern
desert of Egypt. Shalabet al, (2009) also used the ratio to discriminate between
mayc/ ul tr amay cne)franc dkasitoids dark tpie} in dramitic plutons in easter

Egypt.
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Fig. 3.3 ETM+ band ratid/1 of the study area showing granite and gneisses show dark grey tone

3.4 COLOUR COMPOSITES

3.41 Chica-Olmo ratio

In 2002, ChicaDImo developed a ratio (Chi€@lmo ratio) which include the combination of
ETM+ bard ratios5/7 (Red) 5/4 (Green)and 3/1(Blue) sequence as images for the detection of
hydrous minerals and dnrich zones. This ratio was adopted in the study .afRed
correspondences are for clay minerals (alteration from feldspars) while iron mensdaferric
oxides are green and blue respectively (Gladtmo, 2002). The quartzofeldspathic granites

displayed red tone while the metasediments with iron and ferric oxides are green. Clear green
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signature indicating presence of iron minerals are alserebd on some parts of Kuruku hill in

the northwestern part of the study area (Fig. 3.4).
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Fig. 3.4 Colour composite (Chie®Imo ratio) which include the combination of ETM+ baados 5/7
(R) for clay minerad, 5/4 (G) for iron minerals and 3/1 (B) fierric oxides.

3.4.2 Kaufmann ratio
Also, the color composite created by band ratio 7/4, 4/3 and 5/7 displayed as RGB respectively
of (Kaufmann, 1988) was adaptedonsequently red color represents the minerals containing

iron ions; green representsethiegetated zoneand blue represents OH/Z(BI-, SO4- or CO

bearing minerals (rocks and soils)inerals containing iron ion (red) and vegetated zone largely
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occur within the undifferentiated metasediments. Also, @i/ HZO-, SO4— or CO bearing

mineralsmanly occur within the quartzofeldspathic granite and gneisses (Fig. 3.5).

Vegetated zones

7E 75!

NeZl

11°55'N
NiESIT

11°30N

NOSIT

11°45'N

o5 7°10E 7°15E

Map Scalle 150,000

Fig. 3.5 Colour compositeaufmannratio) which include the combination of ETM+ band rafié4,
4/3 and 5/7 displayed as RGB showing areas of mineral alteration.

3.5 AUTOMATI C LINEAMENTS EXTRACTION

The surface expression of geological structures such as, fradauks, joints, shear zones and
foliations are shown in the form bheaments on airborne and orbital remote sensing data (Koch
and Mather, 1997). Automatic lineaent extraction from remote sensing daean important

approacHor regional structuraandmineralizationstudies (Rowan and Bowers, 1995).
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The lineaments analysis was undertaken in otdennderstand the relationshigtween the
lineament trends (faud} as he main structural elemeaftfecting the rock units exposed at the
study area Landsat panchromatimage was prepared twonductthis test under the default
parameters of LINE module &ClI softwargTable 3.1)

Table 3.1: Default parameters folNE module for lineament extraction.

Parameter Default
Filter radius (pixel) 10
Edge gradient threshold 40
Curve length threshold (pixel) 30

Line fitting error threshold(pixel) 3
Angular differece threshold(degree 30
Linking distance threshold (peX) 20

Automatic lineaments extraon from Landsat panchromatimage was run with three major
steps: 1) edge det®an, 2) threshold and 3) lineaments extraction. Fig. sB@ws the main

lineament trendautormatically extracted in the study area
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Fig. 3.8 Automatic extracted lineament trends (default setting) of structures in the study area.

The lineament frequency/rose diagram reveals that the most prominent strike dire®Nig&-is

SSW,NE-SW, NNW-SSE. NearlyE-W trend and others aseibordinate iection (Fig. 3.7)

There isgood relationship between tHmeaments and drainage pattern system distribution

especially with respect to first and secoordler rivers. Lineaments in othepartsof the area
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display atypical pattern of the fault system the area. These were confirmed in rose plot from
ground truthing

Rose Diagram
Statistical Summary

Calculation method: Frequency
o Class Interval: 10.0 Degress
X Data Type: Bidirectional
Population: 151
Length of All Lineations: 302.0
Vector Mean: 13.0 Degrees

193.05 Degress
Confidence Interval: 29.0 Degrees
27— 3

(95 Percent)

—_
N

t

—90

08—

Fig. 3.7 Rose (azimutlrequency) diagram of lineaments orientations

Restut of lineament analysis is iagreement to a large extent with the resof rose plot from

manually documentereadings on field work (see Appendicesd INII).
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CHAPTER FOUR

FIELD GEOLOGY, PETROGRAPHY AND STRUCTURES
4.1 PREAMBLE
The major rok types in the study area comprise gifeisses (porphyroblastigranitic and
banded gneisses), metasedmsgschsts and phylliteshiotite granites (porphyritic and medium
to coarse grained varietieahd serpentinite (Map in back cover). The minor rocks types are
schist xenolith, quartz veins, quartzofeldspathic pegmatites cuattztourmaline rock.
Alluvium, laterite (iron stone)and soil occur as sugmial deposit. Structurally, both ductile

(foliation, fold) and brittle structures (joints, faults) were mapped in the study area.

The modeby volume for each mineral in the majarck types are presentediales 4.1.
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Table 4.1 Modal composition of minerals in major rock types in the study area

Percentage composition (by volume)

Rock Quartz Orthoclase Plagioclase Microcline Perthite Sericite Biotite Muscuvite Chlorite Pyroxene Olivine Opaque
PBG1 30.8 - 104 34.1 - - 24.9 - - - - -
PBG 2 48.2 - 28.8 - - - 17.1 - - 3.9 - 1.0
MBCG 40.5 - 9.4 19.5 10.0 - 15.6 5.0 - - - -
BSch 1 50.5 - - - - - 46.2 - - - - 3.3
BSch 2 39.2 - - - - - 45.8 - 4.2 - - 5.8
BSch 3 49.9 - - -- - - 41.1 9.2 - - - 5.8
BSch 4 40.2 - 4.5 - - - 53.1 - - - - 2.2
BSch 5 45.3 - - - - 34.7 - 6.2 - - 8.8
BSch 6 56.3 - 5.2 - - - 31.7 - - - - 6.8
Phy 1 51.8 - - - - - 49.2 - - - - -
Phy 2 55.0 - - - - - 45.0 - - - - -
BGn 1 44.2 - 15.0 - - - 32.8 - 5.8 - - 2.2
BGn 2 30.2 198 10.5 18.1 - - 195 - - - - 2.9
GGn 40.2 - 8.2 11.6 9.8 5.0 16.4 - 2.8 - - 6.2
PGn 35.2 - 55 24.0 - 2.4 20.8 - - 9.9 - -
Serpt - - - - - - - - - 25 65 10
Where:

PBG = Porphyritic Biotite Granite BGn = Banded Gneiss

MBCG = Medium to Coarse graed Biotite Granite PGn = Porphyroblastic Gneiss

BSch = Biotite Schist GGn = Granite Gneiss

Phy = Phyllite Serpt = Serpentinite
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4.2 PORPHYROBLASTIC GNEISS AND GRANITE GNEISS

4.2.1 Field relationships

Porphyroblastic gneissccu as low lyng outcrop that are light to dark grey in colour (Plate I). It

is also light brown in other places (Plate Il). The porphyroblastic gneiss (PGgidukadional to

sharp contact with porphyritibiotite granite east of Kura Mota in the centrattwf the study

area.lt also has sharp contact with schist around Danyaro. It constitutes about 12% of the rocks
in the study area. The outcrops haumrtzofeldspatic vein mainly perpendicular to the gneissose
texture (Plate Il). The veins are paralleplaces.

The porphyroblastic gneiss (PGn) has a gradational contact with granite gneiss around Kura

Mota. The granite gneiss is grey in colour and is not mappable at the scale of the map.

Plate I: Photograph of PGn with witoloured porphyroblasts at 11°50°Nj 22 . 4 NjNj N and 7A 1
Plate II: Photograph of feldspathic porphyroblasts @nRand boudins of feldpathic veins (4 cm width)

perpendicular to the BSW (040°)trend of hostrocla t 1 1 A 50 Nj 2.. 24NjNjj BN, 07A 0091

4.2.2 Petrographyof Porphyroblastic Gneiss
In hand specimen, it isomposed of creamwyhite feldspar and quart together with dark
minerals.The dark minerals are arranged in a streaky banding, giving the grakssictexture.

Mineralogicaly, it is composed of quartz, feldspars and biotite with foliation defined by biotite.
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In thin section, it is inequigranular with biotite, pyroxene, quartz and feldspar. The quartz is
colourless and anhedral. The pyroxene grains are brown coloured withrdtigf and two

direction cleavages intersecting at nearly 90° (Plate Ill). Biotite and pyroxene had moderate
double refraction. Feldspars are colourless but cloudy (Plate 1ll) in plane polarised light (PPL)

while quartz is also colourless with low rel{fate IlI).

In crossed polarised light (XPL), pyroxene displayed red to green interference colours and
obliqgue extinction while biotite displayed light brown interference colour with straight
extinction. The microcline displayed tartan twinning patteRiate V) with myrmekitic
intergrowth texture (Plate V). It is alsttered in places into sericite (Plate 1V). Deformation of

guartz grains is evidently revealed by cracks and wavy extinction in places (Plate IV and V).

Magnification = x40

Il (PPL) IV (XPL)
Plate Ill: Photomicrograph of &n showing brown pyroxene wittheavagesn two directions
Plate IV: Photomicrograph of PGn with redgi@eninterference colours in pyroxene.
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Magnification = x40 WA__ 2mm M wmagnification =x40
V (XPL) VI (XPL)
Plate f Photomicrograph of PGwith myremekitic intergrowth textur@M) in microcline.
Plate VI: Photomicrograph of PGiowing pyroxene with deep pink interfereodour.

The porphyroblastic gneiss is composed of quartz, microcline, biotite, pyroxene, lplsgiand

sericite (Table 4.1)

In PPL, the granite gneiss (GGn) also has cracks in the quartz with significant alteration of albite
into sericite and biotite to chlorite (Plate VII). The opaque mineral is probably magnetite or
ilmenite. All the feldspars ar colourless but cloudy except microclinehis confirms that

microcline is the most stable of the feldspars.

In XPL, the microcline had *Lorder grey interference colour and one set of twin lamellae
predominates (Plate VIII). There is Poikilitic inclusioof muscovite in sericite (alteration
product of albite) and opaque mineral. The microcline had low relief. The feldspars show

inclined extinction at an angle of 18° while biotite shows straight extinction at an angle of 92°.

The granite gneiss is compasef quartz, biotite, microclinenicro perthite plagioclase, sericite,

opaque mineral(s) and chlorite (Table 4.1).
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VIl (PPL) VIII (XPL)
Plate VII: Photomicrograph of GGn wittght green chlorite (Chl) and opaque minerals (Opq).
Plate VIII: Photomicrograph of GGn (Slide AA14) withacks(C) in quartzand grey microcline.

4.3 BANDED GNEISS

4.31 Field relationships

Banded gneiss (BGn) occurs most of the southern part (around Angwan ShawoTardmu)
towards Gidan Mesa in southeasterrt pathe study aredt constitutes about 10% of the rocks
in the area and mainly occurs weathered low lying unit, though the degreewsdathering
varies. It isgenerally dark to grey (when fresh) andhtigorown when weathered (Plate IX and
X). Texturdly, it is mediumto coarse grainedJnder hand lens observation, the rock contains
feldspar and quartz as the ligtdvloured minerals anélakes of biotitedominates thedark
ferromagnesian minerals. Both thight and dark coloured mineraége aligned fbliated) in

NNE T SSW direction.
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Plate 1X: Photograph dBGn with joints mainly trending parallel to the direction of thend with few
perpendiculartoitat 11° 45 B3 MWjNjd 07 A 08 Nj 25NjNj E.

Plate X: Photograph of BGwith alternating light and dark coloured bands that are slightly folded in

pl aces around Tanimu at 11A 49Nj 10NjNj N and 7A 14N,;

4.32 Petrography of banded gneiss

In hand specimen the bandedegs displays distincbanding of grey and white coloured
minerals The white bands are coarser grained and very poor irc matfierals. The dark brown
to greybands contains mafic miras, principally biotite. The flakes of biotitare also aligned

with their long dimensions parallel to the minerahding. Thebandingreveals that the rock has

undergone some episode of deformation.

In PPL, ®lsic band predomates in the BGn .1The leucocratic bantés composed mainly of
guartz andplagioclase feldspawhile the mesocratic band consists predominantly of foliated
biotite (Plate X). The quartz is colourless with low relief and anhedféle plagioclase is
colourlessbut cloudy. Biotite has moderate relief and shows strong pleichroism from light to
dark bown. Traces of alteration of biotite to chlorite are noted along the grain boundaries and

cleavage planes in BGn 1 (Plate Xlll) and BGn 2 (Plate XVII). In BGn 2, symetrical
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microfolding of foliged brown to light green biotite mireds were observed (PlakV and

XVII).

In XPL, the feldspadisplayslight grey (BGn 1), low 1% order interferene colour with albite
twinning (Plate Xl). The mcrocline display tartan twinning (Plate XIVAlso, plagioclase

feldspar in B@ 2 has myremekitic intergrowth texéugPlate XX).

X1 (PPL) X1l (XPL)
Plate XI:Photomicrograph of BGn 1 showing foliatedwn colourediotite.
Plate XII: Photomicrograph of BGn 1 showindggioclase falspar dominatethe feldspar.

X1 (PPL) XIV (PPL)
Plate XIII: Photomicrograph dGn 1 with colourless quartz with low relief.
Plate XIV: Photomicrograph of BGn 1 with small scaled tartan twinning in microcline.

Magnification = 40
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XV (PPL) XVI (XPL)
Plate XV: fhotomicrograph of BGn 2 witlineated and foldetdrown biotite
Plate XVI: Photomicrograph of BGn 2 showing grey colowledjioclase feldspar.

XVII (PPL) ' XVIII (XPL)
Plate XVII: Photomicrograph of BGn ®ith foliated dark brown biotite andyht green coloured chlorite
Plate XVIII: Photomicrograph of BGn 2 withyrmekitic intergrowth texture (Myr) in plagioclase and its

alteration to sericite in places.

The banded meiss is composed of quartz, biotitethoclase feldspar, microcline, plagioclase

feldspar, chlorite and opaque mineral (Table 4.1).
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44  BIOTITE SCHIST

4.4.1 Field relationships

The biotite schistoccur as low lying outcqms (subdued relief), road cuts and river bank
exposures. It constites about 37% of the rocks the study area. It predominatéise
northeastern pafaround Dan Sabo, Takeand Talatabut exclusively with inferred boundaries

with medium to coarse grained granites. The BSch underlies areaad Danwari in the
northwestern part through Yankuzau to Takulawa. It also has sharp contact with medium to
coarse grained biotite granite in Mai Anita area. Also, the rockiitaslocking litholaic
boundaries with bandeaghass in the southeastern parbundGidan Mesand Taimu.
Quartzofeldspathic veins are parallel to trend direction of the schists though some are

perpendicular (Plate XIX and XX).

XIX
Plate XIX: Photograph of parallel and perpendicular leucocratic quartzofeldpspeithio biotite schist
at 11A 57Nj 426INNilNj NE.and 07A 13N,;
Pl ate XX: Photograph of biotite schist in a river
30NjNj N and 7A 6Nj 50NjNj E (hammer is 30 cm long

4.4.2 Petrography of biotite schist
In hand specimens, the schistisstlydark grey(BSch 2, BSch 3, BSch 4 and BSch 5) to light

brown (BSch 1 and BSch 6). It is generally medium grained. Biotite flakes are fadiated
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separated by lightoloured material, which are mostly millime&rentmetre sized

quartz/feldspar crystals with sehose texture

Six thin sections (Samples BSch 1, BSch 2, BSch 3, BSch 4, BSch 5 and BSch 6) were analysed. The
schists are equigranular and foliated (Plates XXI, XXIIl, XXV, XXVII, XX1X and XXXl PPL, tre

quartz is colourless with low relieThe biotite displayed pleftoism from light to dark. Also,

biotite grainsshow perfect basal cleava@i®ates XXIIl, XXV, XXVII and XXIX) except few that are

cut parallel to the crystallographic axRlateXX1). Alteration of biotite to chlorite was observed
along cleavage planes and grain boundary (Plate XXI§p, colourless muscuvite with perfect

basal cleavage occur in BSch 3 (Plate XXV).

In XPL, biotite mainly hasrown interference colouiPlate XXIl, XXVI, XXVIII and XXXII)
while others have yellow, green and pink false colour (Plate XXIV and XKXjscuvite has

blue polarization colour (Plate XXVI).

XXI (XPL) XXII (PPL)
Plate XXI: Photomicrograph of BSch 1 shaglineated brown coloured biotiteitln weak pleichroism
Plate XXI: Photomicrograph of BSch 1 showiggllow to brown interference colour in biotite.
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XXIII (PPL) XXIV (XPL)
Plate XXIII: Photomicrograph d8Sch 2 with lpown coloured biotitavith pleichroic halo in placed# has

moderate relief.
Plate XXIV: Photomicrograph of BSch 2 showiliptite with different interference colours (gre,

yellow, brown and pink).

XXV (XPL) XXVI (PPL)
Plate XXV: Photomicrograph of BSch 3 witolourless muscovite and brown biotite that hameelerate

relief and perfect cleavage.
Plate XXVI: Photomicrograph of BSch 3 with mica (biotited muscovite). The micas display different

interference colour.
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' Magnification = x100 “ﬁ:‘
XXVII (XPL) XXVII'1 (PPL)
Plate XXVII: Photomicrograph of BSch 4 withdidoblastic foliation pattern and colourless equigranular

quartz with low relief.
Plate XXVIII: Photomicrograph of BSch 4 witilagioclasdeldspar (Pl) and biotite with grey and brown

interference clour respectively.
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XXIX (PPL) XXX (XPL)
Plate XXIX: Photomicrograph of BSch 5 witfoliation of subidioblastic biotite with moderate relief,
alterationto chlorite and inclusion of opaque mimds in places.
Plate XXX: Photomicograph of BSch 5 showingenoblasticquartz with wavy extinction on some

grains
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