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Abstract

The geology and whole rock geochemistry of granitic rocks within Bishini sheet 165 SW, North Central Nigeria have
been studied in order to determine the petrographic characteristics of the rock assemblages, their original protoliths
and petrogenesis. Field mapping and laboratory work revealed that the study area is underlain by crystalline
Precambrian Basement Complex which comprises of migmatite, granite, schist and granodiorite. The rocks have a
major structural trend of NNE - SSW which was determined by measurement of joints and faults on them.
Plagioclase, quartz and K-feldspar occur as the major minerals associated with the rocks with biotite and hornblende
occurring as the major ferromagnesian mineral. A total of thirty-five (35) rock samples were collected from the study
area which were described based on their field relationships. Twenty-nine (19) rock samples were later selected and
analysed for major and trace elements using an X-Ray fluorescence (XRF) spectrometer. The results show that the
granite contains, on average, 70.33 % SiO,, 14.90 % ALO,, 2.95 % Fe,0,, 1.36 % Ca0, 0.52 % MgO, 3.58 % Na,O,
4.52 % K,0, 0.035 % MnO, and the granodiorite contains, on average, 67.06 % SiO,, 15.81 % Al,O,, 2.89 % Fe,0,,
2.73 % Ca0, 1.27 % MgO, 3.99 % Na,0, 3.19 % K,0, 0.08 % MnO. The negative linear trend between SiO,and CaO,
MgO, Na,O and Fe,O, on Harker plots for the granitoids of the study area suggests that the primary mineral
assemblage may have undergone changes during fractionation. Trace element analyses show that Barium (Ba) is the
most abundant with an average of 42.67 ppm for migmatite, 428.67 ppm for granite, 419.5 ppm for schist and 440.62
ppm for granodiorite compared to other trace elements present in the rock samples. The depletion of Strotium (Sr)
suggests plagioclase fractionation from magmatitic melt. Variation diagrams show that the granitoids are S-type
granites, generally peraluminous though few samples displayed metaluminous characteristics of calc-alkaline
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affinity in a plate tectonic setting related to syn-to-within plate collision environment.

Keywords: Geochemistry, Petrogenesis, Granitic rocks, Bishini Sheet 165 SW, North-Central Nigeria

Introduction

Nigeria is situated on the West African Craton in a
region of late Precambrian to Early Palaeozoic
orogenesis. The Pan African Orogeny (600 + 100 Ma),
as well as other region of Africa, was accompanied by a
major phase of intrusion. These intrusions gave birth to
large amount of syn-to-late tectonic granites,
granidiorites, adamellites and tonalities which were
emplaced within the older suites of pre-existing
metasediments and migmatitic gneiss. Falconer, (1911)
refers to these intrusive rocks as Older Granites so as to
differentiate them from the Younger Granites of North
Central Nigeria. The Nigerian Basement Complex
comprises of three major lithologic units; a migmatite-
gneiss complex believed to be the oldest unit, a narrow
north-south trending schist belt which is restricted to the
western half of the country and a suite of granitic rocks
(Older Granites) that intruded both the migmatite-
gneiss complex and the schist belts between 650 million
years and 500 million years ago during the closing
stages of the Pan African cycle (Ajibade, 1982 and
Akinolaetal.,2014).

The variation in trace elements abundance and their
pattern of distribution is a useful tool in tracing the

evolution of granitic and basaltic rocks (Obiora and
Ukaegbu, 2010). These variations in trace elements data
when displayed on relevant variation diagrams serve as
useful indicators of rock classification and their tectonic
setting (Pearce and Cann, 1973; Pearce, 1966). The
Basement Complex of North central Nigeria is perhaps
the most interesting area of basement geology in
northern Nigeria because of the presence of all major
rock types (McCurry, 1976), thereby forming the largest
mapped basement within Nigeria. This study therefore,
aims as at revealing the petrogenesis of the granitic
rocks in Bishini, north central Nigeria using field and
geochemical data.

Regional Geologic Setting

The geology of Nigeria consists of the basement rocks
that are truncated by the sedimentary rocks in almost
equal proportions (Ologe et al, 2014) (Figure 1). The
crystalline rocks are of two age groups; the Precambrian
age and the Younger Granites of Jurassic age. The
sedimentary sequences are Cretaceous to Quaternary in
age and spread across five sedimentary basins.

The Precambrian rocks (basement complex) form a
prominent topographic feature of the country and
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Fig. 1: Regional Geological Map of Nigeria (Ologe et al., 2014)

underlie the study area, while the Younger Granites are
restricted to the north central part around the Jos
Plateau. The basement complex rocks fall into four
lithological units: the migmatite gneiss complex, the
schist belts, the Pan-African Granites (referred to as
Older Granites) and the late intrusives. The migmatite
gneiss complex comprise varieties of gneisses including
biotite and hornblende gneisses, banded gneisses, augen
gneisses, and granite gneisses with intercalations of
quartzite and quartz schist. The schist belts comprise
paraschists and meta-igneous rocks, schistose rocks,
calcsilicates and talc-bearing rocks that occupy mainly
N-S trending belts of low-grade supracrustal
assemblages (Turner, 1983).

Oyawoye (1964), interpreted the schist belts as relics
now preserved in synclinal keels of a once widespread
cover of sedimentary rocks deposited in a single basin.
However, based on the different lithological
associations within the basins, Elueze (1981) believed
that these belts developed in separate basins indicating
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that they have all undergone the same deformational
histories. Some of the belts contain gold mineralization,
banded iron formation (BIF) or marble. The Pan-
African Granites comprise rocks of wide spectrum of
compositions ranging from granite to granodiorite and
charnockite with minor pegmatite and dolerite dykes
that belong to the last stage of Pan-African magmatism
(Truswell and Cope, 1963).

Materials and Methods

A systematic geological mapping and sampling were
undertaken to ascertain the granitic rocks present in the
area.Nineteen samples of granitic rocks consisting of 13
granodiorite and 6 granites were collected and analysed
for their major and trace elements. The analyses were
doneusing X-Ray Fluorescence Spectrometry (XRF) at
the Nigerian Geological Research Laboratory of
Nigerian Geological Survey Agency, Kaduna. The
analytical procedure used in determining the elemental
concentration involves the addition of 1g of soluble
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starch to 5g of each of the pulverised samples with the
soluble starch acting as a binding medium. Each of these
samples was thoroughly mixed by stirring to ensure
homogeneity and then pressed under high pressure (6
tonnes) to produce pellets. The pellets were carefully
placed in the respective measuring positions on a
sample changer of the spectrometer. They were then
analysed under the following condition sets as the
machine was switched on. Elemental composition
determination, nature of samples to be analysed as
pellets (press powder), current of 14 kilovolts for major
oxides and 20 kilovolts for trace elements, selected
filters (kapton for major oxides and silver/aluminium-
thin for trace element). The selection of these filters was
guided by a given periodic table used for elemental
analysis. The spectrometer was then calibrated by the
machines gain control, after which the respective
samples were measured by clicking the respective
portions of the sample changer. The time of
measurement for each sample through an air medium

was a hundred seconds. Parts of the samples were used
for thin sectioning in order to determine the
mineralogical composition of the studied granitic
samples.

Results and Discussion
Field Occurrence and Petrography

The study area is part of Bishini Sheet 165SW located
within Paikoro Local Government Area, Niger State in
north-central Nigeria. It lies between latitudes 9° 30' -
9°45'N and longitudes 7° 05' - 7°15' E on a scale of 1:
25,000 covering an area extent of approximately 502.34
km’. The topography is relatively undulating terrain
with surface elevations ranging from 420m to 565m
above sea level. The study area is underlain by the
basement complex rocks of North central, Nigeria .The
local geology consists of the migmatite, granodiorite,
granite and schist (Figure 2).

Fig. 2: Geological Map of the Study Area.
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The granites occur as boulders which intrude the schist.
They cover about 10% of the study area. The granite is
light pink to pale red in colour (Figure 3a) and texturally
medium to coarse grained (Figure 3b). Itis characterised
by quartzo-feldspathic veins (Figure 3c) within the
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range of 2 — 8cm in width. The granite is also marked
with joints. At some outcrops these joints cross cut the
rock vertically and/or horizontally. Faults of quartz vein
(Figure 3d) were also observed on the outcrop. The
faults are micro, with displacement of about 2 —3 cm.\

Fig. 3: (a) Hand specimen of granite from the area. (b) Textural appearance of granite. (c) Granite with quartzo feldspathic vein
(d) Granite with dextral fault. (¢) Photomicrograph of granite under plane polarised light (PPL).

(f) Photomicrograph of granite under crossed polarised light (XPL)
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The dominant minerals in granite are quartz, feldspar
and muscovite. The accessory minerals include chlorite,
sericte, zircon, apatite and epidote. The chlorite might
have been formed from the retrograde reaction of biotite
while the epidote and sericite were formed from late
stages of plagioclase alteration.The quartz occur as a
colourless mineral (Figure 3f). The dominant feldspar in
the rock is microcline. Under crossed polarised light
(XPL)itis typified by a subhedral to euhedral crystals of
microcline which exhibits a cross — hatched twinning
(Figure 3f). The muscovite appear in shades of bright
interference colour under XPL. The biotite is
characterised by its anhedral shape and pleochroic
nature (Figure 3f). Biotite shows a good cleavage and
interference colour from brown to green.

The granodiorite occur as sub-elliptical and elongated
bodies which constitute hills covering about 75% of the
study area. These rocks are well exposed around Patta,
Kurmin Baba, Beni and along the banks of River Dinya
as rugged topography rising up to about 120m above the
surrounding flat land. The granodiorite appear dark in
colour and texturally medium to coarse grained (Figures
4a and b). The rock is marked by quartz veins of about
few millimetres to 9cm. It is also characterised by set of
joints (Figure 4c), fault and doleritic intrusion (Figures
4bandd).

Essential minerals in granodiorite are plagioclase,
quartz, biotite, muscovite and hornblende. These rocks
have large plagioclase crystals, biotite, and little amount

Fig. 4: (a) Hand specimen of Granodiorite. (b) Granodiorite with sinistral fault. (c) Joint sets on granodiorite. (d) Doleritic intrusion on granodiorite

of quartz giving the rock its phaneritic texture. Under
the microscope the plagioclase is about 78 % making it
the most abundant mineral. This relatively high
abundance of plagioclase is the major characteristics
that differentiate a granodiorite from granite.
Plagioclase is easily distinguished from other minerals

due to its characteristic albite twinning (Figure 4 e and
f). The quartz appear colourless under PPL with a low
relief. Biotite is characterisedby its anhedral shape,
pleochroic nature and a high relief. It shows an
interference of colour from green, pink and brown
(Figure 4f) with a good cleavage.




Journal of Mining and Geology Vol. 55(1) 2019.

Fig. 4: (¢) Photomicrograph of granodiorite under Plane Polarised Light [PPL].

(f) Photomicrograph of granodiorite under Crossed Polarised Light (XPL)

Geochemistry

Results of the geochemical analysis of granite rock
samples are presented in Tables 1 and 2. The granites are
characterised by high concentration of SiO, wt. % and a
range of 68.74 - 73.15 wt. %. This range is within that of
acidic rocks and this is supported by low contents of
MnO (0.52 wt. %) and TiO (0.39 wt. %). The
concentration of Al,O, ranges from 13.76 - 16.41 wt %
with an average of14.90 wt. %. The samples have
average total alkali content (Na,0 + K,O) content of
4.10 wt. % with K,O greater than Na,O content which is
similar to the composition of granitic rocks fromObudu

plateau in south west (Ukwang and Ekwueme, 2009) as
contained in Table 1.

Trace element concentrations are generally high with an
exception of Ba, Co and Zn having concentrations
below their average crustal abundance (Table 2). In the
spider plot (Figure 5) it is observed that Ba, Sr, P and Ti
exhibit negative anomalies which are similar to that of
pink and leucocratic granite indicating either the
retention of plagioclase and accessory minerals in the
source during partial melting or their separation during
fractionation (Singh and Vallinayagam, 2012).

Table 1: Major oxide concentration (wt %) of granites in the study area

SampleID Si0, ALO; Fe,0; CaO0 MgO Na,0 K,0 MnO TiO, P,0s Cr,0s LOI Total
OK 2 69.68 1641 248 148 057 436 43 004 052 009 003 1.02 10098
OK 5 69.94 1473 397 121 093 377 411 004 038 014 005 068 99.95
OK 6 68.74 1523 3.04 138 066 342 418 003 056 017 006 058 98.05
OK 7 7051 1467 291 118 012 354 465 004 039 0.12 0052 054 98.722
OK 18 7315 13.76 244 124 042 292 498 002 01 003 0043 098 100.083
OK 24 69.94 1462 287 165 042 352 487 004 039 011 0038 104 99.508
Average 7033 1490 295 136 052 358 452 0035 039 0.11 0046 081 99.55
AGR 7116 1479 165 189 063 365 454 006 051 015 - 049 9952

AGR- Average major oxide concentration of Obudu plateau granites after (Ukwang and Ekwueme, 2009)

A number of discrimination diagrams are plotted below
using the concentration of major oxides in order to
classify the granite samples. On the TAS diagram
(Figure 6) after Cox et al. (1979) the granite samples
plot in the field of granite. On the AFM diagram (Figure
7) after Irvine and Baragar (1971) the samples plot
around the calc-alkaline series.

On the Harker plots most of the major oxides correlate
with SiO, (Figure 8 a-h). Of interest is the positive
correlation of K,O with SiO, and the display of a
negative linear trend by Al,O,, CaO and TiO, (Figure 8).
MgO, Na,O, FeO, and P,O, do not show any obvious
variation trend with SiO,. The linear trend observed on
the Harker plot (8a, b e and f) suggest that despite the
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Table 2: Trace element concentration (ppm) of granites in the study area

Sample ID Ba Co Cs Ga Hf Nb Rb Sr Th
OK2 671 6.4 16 19 4.1 12 221 546 15.2
OKS5 497 5.9 12 22 3.8 8 198 291 19.4
OK6 391 6.6 16 21 5.1 16 211 157.2 224
OK7 321 5.9 18 17 34 13 281 172.4 27.6
OK18 229 42 10 19 4 22 178 98.2 28.5
0OK24 463 4.1 14 23 4.6 6 139 229.1 31.1
Average 428.67 552 1433 20.17 23698 2403 2046 23698 2403
AVC* 550 10 37 17 5.8 25 112 350 10.7
Sample ID U Zr Y La Sm Th Pb Zn Ni
OK 2 34 2172 30 39 35 045 69 60 80
OK 5 6.8 1995 19.3 47 32 045 438 46 89.3
OK 6 7.8 2357 32.1 263 22 034 85 59 59.8
OK 7 7.4 171.3 224 337 42 056 11.7 38 121.6
OK 18 7.5 118 393 373 52 063 123 22 89.2
OK 24 10.5 199.8 34 603 14 0.69 88 56 101
Average 7.23 19025 29.52 40.6 328 0.52 8.83 46.83 90.15
AVC* 2.8 190 22 30 4.5 064 20 71 20
AVC* - Average crustal abundance after Taylor and McLennan (1985)
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Fig. 5: Spider plot for granite samples of study area
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Fig. 6: TAS diagram of granite samples (after Cox et al., 1979)

i difference in the spatial location of the granite they are

genetically related and their mode of formation can be
explained by fractional crystallization.

8® The granite samples fall within the ferroan field on the
FeO+MgO against SiO, plot (Figure 9a) after Frost et
al. (2001) while on the A/NK against ASI diagram
(Figure 9b) after Frost et al. (2001) the samples plot on

Calc-alkaline Series

A M

Fig. 7: AFM diagram of granite samples (after Irvine and Baraga, 1971)
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Fig. 8(a-h): Harker variation plots for granite samples of the study area

the peraluminous field. A Na,0O+K,0-CaO against
SiO,diagram (Figure 9c) after Frost et al. (2001) was
also plotted for the sample in which they fall majorly on
akali-calcic field. The high content of SiO,in the range
of 68.74 - 73.15 wt%, and an average concentration of
FeO and MgO suggest a ferroan rock. This is also
confirmed in the petrogenetic plot of FeO,+MgO against
SiO, The ferroan granites (Fe-enriched) are closely
associated with conditions of limited availability of H,O
and low oxygen fugacity during partial melting of their
source rocks (Frostetal.,2001).

Peraluminous granites are mainly S-type granites which
is supported by Figure (9b) are generated by partial
melting of sedimentary protolith White and Chapell
(1977). On the K,O/ALQO, versus ALO,/ (Na,+ K,O +
Ca0) plot (Figure 10) the granites plots on the S-type
granite field suggesting its derivation from partial
melting of metasedimentary source rock (White and
Chappell, 1977).

The granites from the study area plot predominantly on
the arc field of Rb-(Y+Nb) discrimination diagram of
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samples of study area (after White and Chapell, 1977)
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Pearce et al, (1984) (Figure 11). On the the R -R, plot
(Figure 12) after Bowden et al. (1984) all the samples
plot in the syn-collisional field with only one sample
plotting in the late orogenic field.Syn-collisional is
synonymous to Volcanic arc granites (VAG) in the

g-

sy»-COLO WPO

Rb

VAG ORG

= T T T
1 10 100 1000

Y+Nb
Fig. 11: Rb-(Y+Nb) discrimination diagram for granite samples of
study area (after Pearce et al, 1984).

Syn-COLG= Syn-collision granites;

VAG= Volcanic arc granites,

WPG= within plate granite;

ORG= Ocean ridge granites (Symbols as shown in Figure 11).
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Fig. 12: R, versus R, tectonic discrimination plot for granites samples
of in study area (after Bowden et al., 1984)
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scheme of Pearce ef al. (1984) and this setting are
likened to the process of crustal thickening usually by
the under thrusting of crustal "slice" beneath another
(Batchelor and Bowden, 1985). Hence, the granite
samples can be said to have resulted from crustal
thickening.

The granodiorite has a lower concentration of SiO, and
K,O but a higher concentration of Al,O,, CaO, and Na,O
when compared with the granites from the study area. It
was also compared with granodiorite from Anderan area
south west Nigeria and it was observed to be relatively
similar (Table 3).
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The granodiorite has concentrations high in Rb, La, Ce,
Zr but a low Ba concentration (Table 4). In the
normalized multi-element spider diagram (NMORB of
Sun and McDonough, 1989; Figure 12), the
granodiorite rocks display enrichment in LILE
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compared to the HFSE as well as negative anomalies of
Nb, P, Ba and Ti in most samples confirming an arc —
related origin and this strongly suggest that the rocks are
product of subduction (Ryerson et al., 1987).

Table 4: Trace element concentration (ppm) of granodiorite within the study area

SampleID Ba Co Cs Ga

Hf Nb Rb Sr Ta Th

OK1 352 89 82 21 35 15 201 218 034 1635
0OK3 621 43 45 132 52 14 100 402 06 145
0OK4 469 6.1 1.7 124 75 B84 175 254 06 186
0OK9 503 46 45 14 09 65 70 201 1.7 10.1
OK11 518 41 32 151 2 49 975 924 037 83
OKI13 301 37 48 147 31 95 739 2014 07 59
0OK14 482 39 23 16 26 57 122 276 03 163
OK15 605 45 17 11 7.8 10 110 4713 07 153
OK16 473 38 21 189 3 84 1693 715 039 177
OK17 300 e 21 12 031 24 101.1 2402 0.1 94
OK19 250 26 48 13 1.7 08 129 3374 0.1 12.7
0OK21 508 55 23 18 58 13 1421 2536 06 28
0K23 346 2 13 13 33 7 190.3 180 02 179
Average 44062 443 335 1479 362 812 12932 246060 032 1471
AVC* 550 10 3.7 17 58 25 112 350 22 107
AVC* - Average crustal abundance after Taylor and McLennan (1985)
Sample ID U Y Zr Y La Sm Tbh Yb Pbh Zn  Ni
OKlL 28 61 90 33 34 44 046 085 13 70 45
OK3 08 8 120 34 39 56 061 034 15 80 30
QK4 L5 46 134 12 375 57 032 092 22 102 43
OK9 23 70 231 11 34 155 021 133 10 122 55
OKl11 93 & 459 997 325 069 012 037 112 17 1182
OK13 13 61 192 6.6 41 143 034 075 8 108 39
0OK14 16 8 89 37 31 34 031 021 76 g 63
OK15 28 92 263 175 38 6.1 038 045 11 87 71
OK16 69 & 793 479 335 087 026 47 182 19 121
OK17 07 37 109 16 19 208 041 012 22 70 65
0OK19 1 29 53 10 17 1.65 0.14 022 13 15 68
OK21 12 48 178 183 42 1.8 034 017 15 86 58
OK23 13 32 192 17 30 34 029 033 99 101 50
Average 258 51 13663 1823 3296 297 032 083 1353 75 63.55

AVC* 28 60 190 22 30

45 064 22 20 71 20

AVC* - Average crustal abundance

10000

after Taylor and McLennan (1985)
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Fig. 11: Spider diagram of trace elements normalized to average crust of granodiorite in the study area after (Sun and McDonough, 1989)
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Harker variation plot (Figure 12) was used to establish
the evolution of granodiorite samples of the study area
geochemically. Al,O,, CaO, MgO, Na,O, TiO,, and FeO,
exhibit inverse trend with SiO,whereas variation in K,0O
and P,O,with SiO, are not well defined. Generally the
strong inverse variation between SiO,and CaO, MgO,
Na,O and FeO, suggest that the primary mineralogical
assemblages of the rocks may have undergone
significant changes during fractionation (Ugbeet al.,
2016). On the SiO, against Na,0+K,O plot (Figure 13)
after Cox et al. (1979) the granodiorites plot majorly in
the field of quartz diorite (or granodiorites).On the
molecular A/CNK against A/NK diagram (Figure 14)
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after Shand, (1943) the granodiorite plot on within the
fields of metaluminous and peraluminous. The
peraluminous to metaluminous nature of this rock unit
reflects an evolution that involves the contamination of
mantle derived magma by the continental crust
(Ustoamer, 1999). FeOt/(FeOt+MgO) plot (Figure 15)
after Frost et al (2001) the granodiorite samples plot on
both the magnesian and ferroan fields. On the AFM
diagram (Figure 16) after Irvine and Baragar, (1971) the
rocks plot in the calc-alkaline series. Also on the
tectonic discrimination diagram (Figure 17) after Pearce
et al. (1984) the granodiorites plot within the arc-
collision granite portion.
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Fig. 12(a-h): Harker variation plots for granodiorite samples of the study area
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Conclusion

Systematic field investigation and petrographic studies
ofrocks from the study area reveals four petrologic units
which are migmatite, granite, schist and granodiorite.
These rocks have undergone intense deformational
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Fig. 15: SiO, against FeOt/(FeOt+MgO) plot of granodiorites in study
area (after Frost et al., 2001)
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Fig. 16: AFM plot of granodiorites in study area (after Irvine and
Baragar, 1971)

processes indicated by the presence of geologic
structures such as joint sets, ptygmatic and similar folds
and also sinistral and dextral faults.

Petrogenetic study of rocks from the study area shows
that the granitoids are generally calc — alkaline and




14

i syn-COLG WPG
s i o
8 - - o0 "‘o o
-3 [
o
14
q -
VAG ORG
ha T T T
1 10 100 1000
. Y+Nb
(=]
§ 7 syrcCOLG WPG
;‘__._,_"_a———'—"a'
8 -4 c0?®
- & B
=]
o
o 4
VAG ORG
i T T T
1 10 100
Ta+Yb

Journal of Mining and Geology Vol. 54(1) 2019.

Nb

100

Ta

01 1 10 100
Yb

Fig. 17: Tectonic discrimination diagram of granodiorites in study area after Pearce et al. (1984)

peraluminous to metaluminous. They display an inverse
linear trend on Harker plots suggesting that their
primary mineralogical assemblages must have
undergone significant changes during fractionation.

Based on petrogenetic study, the granitoids in the study
area were generated from a syn — to — within plate
collision related tectonic setting and are genetically
related to a common source by fractional crystallization.

References

Ajibade, A.C. (1982). The Cataclastic Rocks of the
Zungeru Region and their Tectonic
Significance. Journal of Mining and Geology,
18(2),29-41.

Akinola, O.0., Okunlola, O.A., and Obasi, R.A. (2014).
Pyhsio-chemical characteristics and Industrial
Potentials of Lepidolite from [jero — Aramoko
Pegmatite field, south western Nigeria.
International Journal of Scientific and
technology Research,3(3),278—284.

Batchelor, R.A., and Bowden, P. (1985). Petrogenetic
interpretation of granitoid rock series using
multicationic parameters. Chemical Geology,
48,43 -55.

Bowden, P., Batchelor, R.A., Chappell, B.W., Didier, J.
and Lameyre, J. (1984). Petrological,
Geochemical and Source criteria for the
classification of granitic rocks: a discussion.
Physics Earth Planetary Interiors.35,1-11.




Journal of Mining and Geology Vol. 55(1) 2019.

Cox, K. G., Bell, J. D and Pankhurst, R. J. (1979). The
Interpretation of Igneous Rocks. George, Allen
and Unwin, London.

Elueze, A.A. (1981). Dynamic Metamorphism and
Oxidation of Amphibolites of Tegina Area,
North-western Nigeria. Precambrian
Research, 14,379-388.

Falconer, J.D. (1911). The Geology and Geography of
Northern Nigeria. London: Mac-Milan, 295.

Frost, B.R., Barnes, C.G., Collins, W.J., Arculus, R.J.,
Ellis, D.J., and Frost, C.D. (2001). A
Geochemical Classification for Granitic Rocks.
Journal of Petrology, 42,2033-2048.

Irvine, T.N. and Baragar, W.R.A. (1971). A Guide to the
Chemical Classification of the Common
Volcanic Rocks. Canadian Journal of Earth
Science, 8,523-548.

McCurry, P. (1976). The Geology of the Precambrian to
Lower Palaeozoic Rocks of Northern Nigeria-
AReview. In Kogbe (Eds.), Geology of Nigeria,
15-39. Lagos, Elizabethan Publishers.

Obiora, S.C., and Ukaegbu, V.U. (2010). Preliminary
Investigation of the Petrogenesis and
Geotectonic Setting of the Precambrian
Basement Complex Rocks around North
central Nigeria using trace and Rare Earth
Elements Geochemistry. Journal of Mining and
Geology, 46(2),127-137.

Okonkwo, C.T., and Folorunso, 1.0. (2013).
Petrochemistry and Geotectonic Setting of
Granitic Rocks in Aderan Area, SW Nigeria.
Journal of Geography and Geology, 5(1), 31-
44,

Ologe, O., Bankole, S.A., and Adeoye, T.O. (2014).
Geo-Electric study for Groundwater
Development in Ikunri Estate, Kogi West
Southwestern Nigeria. Illorin Journal of
Science,1(1),154—-166.

Oyawoye, M.O. (1964). The Geology of the Nigerian
Basement Complex: a Survey of our Present
Knowledge of them. Nigerian Mining,
Geological and Metallurgical Society, .1, 87
-102.

Pearce, J. (1996). Sources and Settings of Granitic
Rocks. Episodes, 19 (4), 120-125.

Pearce, J.A. and Cann, J.R. (1973). Tectonic Setting of
Basic Volcanic Rocks Determined Using Trace
Element Analysis. Earth and Planetary Science
Letters, 19,290-300.

Pearce, J.A., Harris, N.B.W. and Tindle, A.G. (1984).
Trace Element Discrimination Diagrams for the
Tectonic Classification of Granitic Rocks.
Journal of Petrology, 25,956-983.

15

Ryerson, F.J. and Watson, E.B. (1987). Rutile Saturation
in Magmas: Implication for Ti — Nb — Ta
depletion in Island — arc basalts. Earth and
Planetary Science Letters, 86,225—239.

Shand, S.J. (1943). Eruptive Rocks. Their genesis,
composition, classification and their relation to
ore-deposit with a chapter on meteorite. 2™
(Eds). John Wiley and sons, New York, 1—44.

Singh, L.G. and Vallinayagam, G. (2012). Petrological
and Geochemical Constraints in the Origin and
Associated Mineralisation of A- Type Granite
Suite of the Dhiran Area, Northwestern
Peninsular India. Geosciences, 2 (4), 66— 80.

Sun, S.S. and McDonough, W.F. (1989). Chemical and

Isotopic Systematics of Oceanic Basalts.

Implications for mantle composition and

processes. In A.D. Saunders, andM.J.

Norry(Eds.), Magmatism in the Ocean Basins,

Geological Society (London) Special

Publication,42,313-345.

S.R. and McLennan, S.M. (1981). The
Composition and Evolution of the Continental
Crust: Rare Earth Element Evidence from
Sedimentary Rocks. Philosophical
Transactions of the Royal Society of London,
Series A, Mathematical and Physical Sciences,
301,381-399.

Truswell, J.F., and Cope, R.N. (1963). The Geology of
Parts of Niger and Zaria Provinces, Northern
Nigeria. Bulletin of Geological Survey of
Nigeria, No 29.

Turner, D.G. (1983).Upper Proterozoic Schist belts in
the Nigerian sector of the Pan—African
Province of West Africa, Precambrian
Research,21,55-179.

Ugbe, F.C., Adiela, U. and Ebegbare, U.C. (2016).
Major and Trace Element Geochemistry of
Granites in Koji, Kogi state, Nigeria. Research
Journal of Environmental and Earth Sciences
8(1),8—12.

Ukwang, E., and Ekwueme, B.N. (2009). Geochemistry
and Geotectonic Study of Granitic Rocks
South-west Obudu Plateau, South eastern
Nigeria. Journal of Mining and Geology,45 (1),
73-82.

Ustamer, P.A. (1999). Pre — early Ordovician Cadomian
arc — type granitioids, the Bolu Massif, West
Pontides, Northern Turkey: Geochemical
Evidence. [International Journal of Earth
Sciences, 88,2—12.

White, A.J.R. and Chappell, B.W. (1977). Ultra-
metamorphism and Granitoid Gneiss.
Tectonophysics,4,7—88.

Taylor,




Journal of Mining and Geology Vol. 55(1) 2019. 83

NIGERIAN MINING AND GEOSCIENCES SOCIETY

Note to Contributors

Introduction

The Journal is the scientific publication of the Nigerian Mining and Geosciences Society. Its scope covers the field of
the geosciences, mining, metallurgy, materials science and geoenvironmental studies.

Manuscripts of unpublished original contributions to knowledge in these disciplines, should be submitted for
consideration, and without being simultaneously proposed for publication elsewhere. The official language of the
Journal is English, though articles in French, may be considered. Such papers must have respective English
translations of the titles, abstracts, table headings and figure captions.

Requirements

Articles should appear on only one side and as a single column of A-4 (ca. 21 x 30cm) size sheets, in legible letter
quality type, double-spaced with sufficient margins. All pages must be numbered consecutively. Words to be printed in
italics should be underlined, and footnotes must be avoided.

Contributors must ensure correctness in the language of expression, including spelling, hyphenation, punctuation,
notation and structure. In addition, write-ups must be concise and lucid. Authors must acknowledge the sources of
materials obtained elsewhere, and if applicable, secure the rights of reproduction.

Each article should normally consist of front cover, abstract, text, references, tables, figures and figure captions. It is
imperative to ensure that the contents or components of all these are relevant and necessary; to achieve the required
conciseness, and avoidance of unduly voluminous and unwieldy manuscript. The Journal’s policy targets at space
optimization and easy reproduction. besides, tables and figures may not be scanned into or included within the text.

Front Cover

This should contain the title of the paper, plus the name(s) and affiliation(s) / contact(s) of the author(s). The title which
must be brief and appropriate to the subject of the article, should exclude complex symbols and political references to
locations and localities. To facilitate the indexing and abstracting, it is recommended that author’s full name is given,
with SURNAME being FIRST and written in BLOCK LETTERS.

Abstract

The abstract which must begin on the first page headed by only the article’s title, should not exceed 250 words, and
must clearly outline the essential contents of the paper without citing references. It should not be mere description of
intent and expectation, and has to be vividly informative and adequate for separate publication in abstracted outlets.

Text

The general format for the text should comprise the following: Introduction, Study area description, Methods /
Techniques, Results/Discussion, Conclusions and Acknowledgements. Headings of, and sub-heading in these major
sections, should be differentiated by use of appropriate point or style (preferably italic).

There should normally not be more than three categories of heading; and hence, sub-headings should not exceed
second level. All must be set too the left, and without numbering.

References

References cited in all parts of the manuscript (text, tables, illustrations) are to be listed on separate sheet following the
end of the text, in alphabetical order of the first author, and sequence of year for the same author. Titles of journals
should include any abbreviation, and have to be given in full.

To ensure the required conformity with the Journal’s style in textual citations and referencing, authors should check
from recent published articles. For example, the form for the list of quotation from the specified source, is as follows:

Journal

Ali, S., Shemang (Jr.), E.M. and Likkason, O.K. (1993). The basement structure in Barkumbo vally, Bauchi,
Nigeria: arevelation from seismic refraction and D.C. resistivity studies. Journal of Mining and
Geology, 29(2), pp.471-51.

Edited publication

Chuku, D.U. (1988). Distribution of gold mineralization in the Nigerian basement complex in relation to
orogenic cycles and structural settings. In: P.O. Oluyide, W.C. Mbonu, A.E. Ogezi, .G. Egbuniwe.
A.C.Ajibade andA.C. Umeji(eds.), Precambrian Geology of Nigeria, Kaduna, pp.




84 Journal of Mining and Geology Vol. 55(1) 2019.

Book
Peters, S.W. (1991). Regional Geology of Africa, Springer-Verleg, Berlin, 722p.

Unpublished work
Kehinder-Philips, O.0. (1991). Compositional variations within lateritic profiles over mafic and ultramafic
rock units of [lesha schist belt, southwestern Nigeria. Ph.D. thesis, University of Ibadan, 201p.

Tables

All tables must be referred to, and numbered in the order of mention in the text. They should be adequately compact,
which could be effectively achieved by appropriate statistical summary/reduction of data size. Each must begin on a
separate sheet, and the number and suitability brief heading indicated on top. The appropriate notations or units of the
columns and rows must be specified.

Figures

Ilustrations (diagrams, plots, maps, sections. photographs, plates) must all be indicated as figures, and numbered
according to the sequence of citing in the text. Alphabets should be separately drawn in black ink on high quality sheet,
sharply reproduced on good standard, preferably glossy paper. The size should not exceed ca. 18 x 24cm, and the
lettering must be adequately bold to guarantee legible reproduction which could be 4x, and with the smallest letter
having a height of not less than 2mm. Each figure must be clearly labelled on the back or the margin, with the
appropriate number. For further identification, an abridge title of the paper must be added. Figures should be written in
the text and captions, in the abbreviated form of Fig.

Figure captions
The captions of all figures must be listed in their numerical order, on separate page.

Units and numerals
The metric system is mandatory, and SI units in the acceptable abbreviations, should normally be used. All numbering
must be in arabic figures.

Equations, formulae and symbols

Instrumental characters must be employed for these. Else, unusual signs drawn by hand, should be identified on the
corresponding margins. Subscripts and superscripts have to be aligned distinctly; and ample spaces must be provided
around and between equations. Reproducible artworks should be supplied for expressions with complex symbols and
formulae. Numbers of equations cited in the text, have to be shown between parentheses at the right hand margin.

Manuscript submission and processing

Three complete copies of each article that conforms to the outlined guidelines must be sent to the Editor-in-Chief,
NMGS Editorial Office, Department of Geology, University of Ibadan, Ibadan, Nigeria. The submission must include
a covering letter stating the mailing address and numbers of telephone and other contacts of the corresponding author.
It is mandatory to keep at least one compete copy of the submitted manuscript and covering letter’s duplicate.

Each submitted paper would normally be subjected to the review of at least two appropriate referees selected by
the Editor-in-Chief. The inclusion of an electronic copy in compact dist (CD) with the file name, IMG/MR/ the single
or the first author’s name, is mandatory at the stage of the submission of the complete hard copy of the revised
manuscript.

Proofs, Copyright, reprints and charges
Copyright & reprints order form and proof of accepted article would normally be despatched to the first or
corresponding author, for completion and correction, respectively. The completed form, corrected proof and
prescribed reprints fee must be sent together, and promptly to the Editor-in-Chief. Specifically, the reprints bill is such
that for an article exceeding 5 printed pages, each subsequent page is charged separately. The printing of any item in
colourifaccepted, would normally attract extra cost.

Itis important to note that copyright transfer and reprints order payment are mandatory, and the author is entitled to
25 reprints of article published in the Journal of Mining and Geology.




Journal of Mining and Geology Vol. 55(1) 2019.

NIGERIAN MINING AND GEOSCIENCES SOCIETY
(NMGS) PUBLICATIONS
Journal of Mining and Geology (JMG)

Journal of Mining and Geology Annual Contents (JMGAC)
The IMGAC provides the classified listing with bibliographic
data, of the articles published in previous issues of the JMG.
Therefore, this biennial serial affords users, easy scratch,
sourcing, retrieval and indexing of the contributions according to
the classification and coding adopted for the specializations
within the scope of Journal. The maiden publication, Vol.1 1995
covers the JMG Vol. 29 1993 Nos.1 and 2 plus Vol.30 1994 Nos. 1
and 2, while the latest, Vol.7 2007 features the papers published
in all issues from the inception edition of 1963 to 2006, and the
aspects of the publications and the activities of the NMGS.

Subscription Rates
¥1,000 .00 per copy (domestic). US$80.00 (per Copy (foreign)

Occasional Publication
30 Years of N.M.G.S
Edited by
Uka Nwangwu, K. Mosto Unoho, Usman M. Turaki and C.S.
Nwajide
1991, 149p, Paperback 978-31208-0-8
This corporation aptly highlights the historical perspectives of
the first thirty years of the society which was named at birth on
15" January, 1961, the Nigerian Mining, Geological and
Metallurgical Society (NMGMS) by the 10 founding 'parents”,
and subsequently became the Nigerian Mining and Geoscience
Society (NMGS) in 1977. High points on a wide range of issues,
are succinctly presented in the publication. The NMGS
experience in which recognizable but interrelated specialists
have successfully continued to exist under the same umbrella
body, is obviously unique and symbolic. Consequently, persons
interested in the evolution, development and growth of multi-
disciplinary learned organization, would find this book highly
valuable
List price
§200.00 (domestic) US$40.00(foreign)
Proceedings of the International Workshop on Natural and
Man-Made Hazards in Nigeria
Records of the international meeting, Awka, Anambra State, Nigeria,
31January-3 February, 1993
Edited by
K. Mosto Onuoho and Matttew E. Offodile
1995, 362p, Paperback 978-30956-1-7
The book constitutes the NMGS inputs to the Nigerian
programme on the United Nations Decade for Natural Disaster
Reduction, 1990-1999. It contains illuminating contributions on
the tragic explosions of Lakes Nyos and Monoun in the
Cameroon; the devastating erosion and land degradation in the
eastern part; the emerging desertification of the northern region;
and the earthquake episodes in the western sector of Nigeria.
Other subjects are on waste management, flooding and pollution;
the legal implications of environmental degradation, and the
Workshop communiqué outlining the conmclusions and

85

recommendations. On the whole, the book is a useful reference to
all, since everyone is invariably affected or concerned with the
monitoring, control, protection and management of the
ecosystem.
List Price
#500.00(domestic) US$80.0(foreign)
NMGS Annual Lecture Series Volume One
Edited by
A.Azubuike Elueze and Chukwuemeka J.Ikeolionwu
1999,77p, Paperback 1119-7250
978-020-822-8
This publication contains the first six presentations of the
Nigerian Mining and Geosciences Society (NMGS) annual
Lecture Programme being organized under the aegis of Mobil
producing Nigeria Unlimited. The topics are highly captivating,
and the contributors are among the best intellectual resources in
Nigeria.
These correspondingly cover development planning, projects
financing, energy and mineral resources development and
technological adaption/transfer, and include P.C.Asiodu, A.O.
bamgbola, E.A Ifaturoti, Anderson, P.Okigbo, and J. Aminu.
Altogether, everyone would find the materials readily
comprehensive and educative.
List price
N500.00 (domestic) US$80.00(foreign)
Contributions of Geosciences and Mining to National
Development
Edited by
A. Azubuike Elueze
2003, 108p, Paperback 978-057-714-9
The volume includes mainly the papers presented at the second
workshop of the fellows of the NMGS held during the March
2000 Annual Conference in Enugu. The contributions are largely
devoted to the critical evaluation of the status of the development
and exploitation of the water resources, coal deposits and
construction materials in Nigeria. It is particularly remarkable
that they have provided effective strategies and options in shelter
and other infrastructural facilities, and reliable and affordable
supply of power and fuels to the majority of Nigerians. In
essence, this book constitutes a valuable reference to all and
sundry, especially on policy formulation and implementation for
sustainable socio-economic growth in a typical developing
nation.
List Price
#1,000.00(domestic) US$150.00(foreign)
Order and Method of Payment
Please send your request for any of these publications, to the
Editor-in-Chief.
Non-cash remittance accompanying the order should be
payable to the NMGS, 'else ask for an invoice on which 20%
postage/delivery charge may be added.




86 Journal of Mining and Geology Vol. 55(1) 2019.

Journal of Mining and Geology Volume 55 No. 1 2019

Articles

OKOBI, C.M., OGUNBAJO, M.I., AMADI, A.N., UNUEVHO, C.I., AKO, T.A., AYENI, J.K.
AND ALAKU, L.O., Geochemistry and Petrogenesis of Granitic Rocks in Bishini Sheet 165 SW,
North-Central Nigeria, [ — 15

OSOKPOR, J. AND OVERARE, B., Source Rock Evaluation and Hydrocarbon Potentials in the
Northern Depobelt, Niger Delta Basin, /7-28

AFOLABI, 0.0., OGUNDIPE, LLE. AND KOGAM, N.M., Assessment of Potentially Harmful
Metals and Hydrochemical Characterisation of Potable Groundwater in Iworoko and its Environs,
Southwestern Nigeria, 29 - 36

CHONGWAIN, G.M., OSINOWO, 0.0., NTAMAK-NIDA, M.J. AND NKOA, E.N., Seismic
Attribute Analysis for Reservoir Description and Characterization of M-Field, Douala Sub-Basin,
Cameroon, 37—44

ADEIGBE, O.C. AND BANJI, 1.0., Sedimentology and Biostratigraphy: An Integrated Approach
to the Study of Clastic Sediments Exposed at [jesha-Ijebu and Sagamu, Benin Basin, Southwestern
Nigeria, 45—55

OMALI, A.O., KOLAWOLE, M.S. AND AMEH, E.G., Application of Remote Sensing
Techniques in the Study of Groundwater Zonation of the Rocks in Lokoja Metropolis, Central
Nigeria, 57—-67

BOBOYE, O.A., OLAWUYI, G.T. AND AROWOLO O.F., Petrophysical and Depositional
Evaluation of “Tiger Field ” Shallow Offshore Niger Delta, 69 - §2

Afolabi Olubukola O., Aladejana Jamiu A., Saheed A. Ishaq-Olatunji, Tiamiyu Sulaiman




JOURNAL OF MINING AND GEOLOGY BI-ANNUAL CONTENTS

Volume 55 Number 1 March, 2019

OKOBI, C.M., OGUNBAJO, M.I., AMADI, A.N., UNUEVHO, C.I, AKO, TA,,
AYEN], J.K. AND ALAKU, L.O., Geochemistry and Petrogenesis of Granitic Rocks in
Bishini Sheet 165 SW, North-Central Nigeria

OSOKPOR, J. AND OVERARE, B., Source Rock Evaluation and Hydrocarbon
Potentials in the Northern Depobelt, Niger Delta Basin

AFOLABI, 0.0., OGUNDIPE, L.E. AND KOGAM, N.M., Assessment of Potentially
Harmful Metals and Hydrochemical Characterisation of Potable Groundwater in Iworoko
and its Environs, Southwestern Nigeria

CHONGWAIN, G.M., OSINOWO, 0.0., NTAMAK-NIDA, M.J. AND NKOA, E.N.,
Seismic Aftribute Analysis for Reservoir Description and Characterization of M-Field,
Douala Sub-Basin, Cameroon

ADEIGBE, O.C. AND BANJI, 1.0., Sedimentology and Biostratigraphy: An Integrated
Approach to the Study of Clastic Sediments Exposed at Tjesha-Ijebu and Sagamu, Benin
Basin, Southwestern Nigeria

OMALLA.O., KOLAWOLE, M.S. AND AMEH, E.G., Application of Remote Sensing
Techniques in the Study of Groundwater Zonation of the Rocks in Lokoja Metropolis,
Central Nigeria

BOBOYE, 0.A., OLAWUYI, G.T. AND AROWOLO O.F., Petrophysical and
Depositional Evaluation of “Tiger Field ” Shallow Offshore Niger Delta

Note to Contributors
Abstracting / indexing coverage in EMBASE, Geobase, Scopus. Geological Abstracts, Geologie

Africaine/Africam Geology,
National Inquiry Services Centre (NISC) - AJOL

And National Universities Commission (NUC) - NVLP

Nigerian Mining and Geosciences Society website www.nmgsweb.org

Sponsored by the Petroleum Technology Development Fund (PTDF)
Plot 672, Port-Harcourt Crescent, Off Gimbiya Street, Off Ahmadu Bello Way,
P.O. Box 9899. Garki Area 10, Abuja, Tel.: 234-9-3142216

cruolnt@maﬂ.com +2348169836220

17

29

37

45

57

69

Embaossed cover image
1. Geological Map of Dahomey Basin (Modified after Billman, 1976)

2. Cross plot of soluble organic matter (SOM) versus total organic carbon (TOC), revealing increasing maturity of samples

from PML-1 well. (Devised by Hunt, 1979 and modified after Le Tran and Philippe, 1993)
3. Photomicrograph of granediorite under Crossed Polarised Light (XPL)




