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ABSTRACT

Nigeria occupies southern section of the Pan-African orogenic belt and migmatite-gneiss-granite terrain forms a major component of its basement complex.
Field geology, optical mineralogy and geochemical study of this rock unit in Idanre area, SW Nigeria were undertaken with a view to characterize them,
elucidate their tectonic significance, and determine their origin. Major, trace and Rare Earth Elements (REE) composition were determined by XRF and
ICP-MS techniques respectively in Bureau Veritas, Vancouver, Canada. Field geology reveals the granite which occur in three textural types (fine-grained
(OGf), porphyritic (OGp), and coarse-grained undifferentiated OGu) intrudes the low-lying migmatite-gneiss complex. The country rock comprises of
aggregation of migmatite, biotite-hornblende gneiss and banded gneiss sub-units which bear pervasive tectonic signatures of polymetamorphic and orogenic
activities. Optical results reveal the migmatite-gneiss country rock comprise of quartz, feldspar and biotite with granoblastic to porphyroblastic texture.
The granitoids contain interlocks of quartz, K-feldspar, microcline, biotite, hornblende and accessory magnetite, and sphene. Large hornblende crystals
in the coarse-grained granite are poikilitic while the porphyritic type contains myrmekite. The decreasing trends of Harker diagrams with respect to SiO,
indicates crystal fractionation. FeO'/(FeO'+MgO) versus SiO, plot classifies the gneiss as ferroan type, Al,O, versus MgO plot classifies it as orthogneiss,
total alkali (Na,0+K,0) versus SiO2 (TAS) classified the rocks as granite. K,O versus SiO, diagram classifies the rocks as continental granophyre. AFM
[(Na20+K20)-Fe,0,-MgO] ternary diagram suggests the rocks are calc-alkaline, while ternary plot of Ba-Rb-Sr classifies the rock as anomalous granite.
Diagram of ALLO,+Na,O+K,O versus Alumina Saturation Index (ANK vs ASI) indicates ASI<1.0 showing the granite is metaluminous. R1 versus R2 diagram
indicate the rocks are largely late orogenic, La/Sm versus Sm diagram suggest that partial melting play a significant role in the magma source. A consistently
low ACNK (<1.1) value, a decreasing trend on ACNK versus SiO, diagram indicates the rocks originated from anatectic melt of igneous protoliths. The
similar shape of the chondrite normalized REE distribution pattern for both the migmatite-gneiss and granite indicate similar geochemical trends which

possibly connote common ancient igneous protolith.
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Introduction

A greater percentage of continental crust of Archean-Proterozoic
age around the world have been subsequently recycled and mixed
with younger crust by orogenic processes. This is particularly
true in orogenic belts; shear, rift and subduction zones where
plates converge and interact [1-9]. The exact character of these
ancient crust remains uncertain because the primary properties
and origin of most Precambrian protoliths are obscured to varying
degrees by multiple overprints of deformation, partial melting and
recrystallization [ 10]. Archaean terrains has been through tectono-
magmatic and metamorphic activities during Neoproterozoic to
earliest Paleozoic. The tectono-thermal activity of 500 Ma ago saw
the formation of many mobile belts around older cratons in Africa
[11]. During this time, Nigeria like many other parts of Africa
witnessed widespread magmatic activities which culminated in
the emplacement of granites into the older gneissic basement.
Such regions are now characterized by migmatite-gneiss-granite
associations which is widespread in Nigeria. In southwestern

Nigeria alone, such associations have been observed around Iwo,
Akure, Idanre, Ado-Ekiti and Ikare, Ogbomoso, Abeokuta, Igbeti,
Okene, and Igarra among others [12,13]. The migmatite-gneiss-
granite association in Idanre form the focus of this research. This
report therefore showcases the mineralogy and geochemistry
of the rocks for the purpose of establishing their geochemical
characteristics, geotectonic significance and origin. This is
noteworthy because diligent literature search revealed previous
research has neither reported or emphasized the interrelationship or
petrogenetic affiliation of the migmatite-gneiss-granite basement
in SW Nigeria.

Regional Geology and Tectonic Setting

Nigerian Basement Complex forms southern segment of the Pan-
African orogenic belt of Neoproterozoic age [14]. It is situated
between the Archean-Paleoproterozoic block of the West African
craton in the west, Congo craton in the southeast, and the East
Saharan block in the northeast [15,16]. The orogenic belt extends
across the entire African continent into the Brasiliano orogen of
South America [17-21]. The entire north-south trending orogenic
belt which is also called the Trans Saharan fold belt is characterized
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by high-grade metamorphism, early thrust-napple development,
numerous granite intrusions and late orogen-parallel tectonics
[17,22]. The belt is made of a northern section comprising Pharusian
belt, LATEA micro continent and Eastern Hoggar (Figure 1) [23].
The southern part is exposed in an area known as the Benin-Nigeria
Shield (The Dahomeyide) which comprise of several blocks
amalgamated during oblique collision [24] and stretches from the
eastern margin of the West African craton to the border of the
Congo craton [22,24]. The Nigerian sector of the orogenic belt
has been delineated into eastern and western terranes by a north-
south trending lineament that has been recognized from remote
sensing, but not studied in detail [15,27-31]. Evidence from the
eastern and northern margins of West African craton indicates that
the Pan-African mobile belt evolved by plate tectonics processes
which involved the collision of the passive continental margin of
the West-African craton and the active margin of the Pharusian belt
(Tuareg shield) about 600 Ma [32-34]. The presence of ophiolites,
accretionary prisms, island-arc magmatic suites, high-pressure
metamorphic assemblages, basic to ultrabasic rocks (believed to
be either remnants of mantle diapirs or a paleo-oceanic crust) as
documented in the Pan-African belts, revealed ocean opening,
followed by a subduction and collision-related evolution between
900 and 520 Ma [11]. Due to its geographical extent, the duo believed
the Pan-African may not be a single orogeny, but several overlapping
orogenic cycles related to the opening and closing of large oceanic
realms as well as accretion and collision of buoyant ancient crustal
blocks. Further south, in the Tuareg Shield of Algeria, Mali and
Niger, several terranes with contrasting lithologies and origin have
been recognized, and ocean closure during westward subduction
produced a collision belt with Pan-African rocks, including oceanic
crust tectonically interlayered with older basement. The latter were
thrust westwards over the West African Craton and to the east
over the LATEA super terrane to form a completely deformed
composite crustal segment consisting of Archaean to Neoproterozoic
assemblages [11]. The eastern Part of the belt consists of a high-
grade granitoid-gneiss terrane of the Nigerian province, partly
consisting of Paleoproterozoic rocks which were migmatized at 600
Ma. This deformation and metamorphism are considered to have
resulted from oblique collision of the Nigerian shield with the West
African Craton, followed by anatectic doming and wrench fault[11].
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Figure 1: Geological Map of Pan African Mobile Belt East of
West African Craton (modified from [14,22,24-28])

The tectonic evolution of the schist belt which forms a vital
component of the Nigeria basement complex has been discussed
[35-37]. Essentially, the evolution of the schist belts is related to
a collision type orogeny in an eastward- dipping subduction zone
during which initial crustal extension and continental rifting at the
West African cratonic margin led to the formation of graben-like
structures in western Nigeria and the subsequent deposition of
rocks of the schist belts [38]. Closure of the ocean at the cratonic
margin, about 600 Ma and crustal thickening led to deformation
of the sediments, reactivation of the pre-existing rocks and
emplacement of the Pan-African granites [39]. The Precambrian
basement is exposed in two large areas, namely: northcentral
and southwestern; and three smaller areas in the eastern side.
These include, southeast (extension of the Bamenda Massif into
Nigeria), northeastern (the Hawal Massif) and south-southeast
(the Oban Massif) [40]. The older rocks in the basement are
intruded by Pan-African syn-to-post-collisional plutons, which
are more voluminous in the eastern terrane than the west [41].
Contemporaneous granitoid plutons are also found in the Pan-
African belts to the west and north of Nigeria [41]. The basement
complex of the western terrane (Figure 2), which forms a broader
view of this study area, is dominated by Archaean migmatite
gneisses, metasediments, Pan African granites and undeformed
dykes [36]. The eastern terrane is characterized by high-grade
migmatitic rocks that have Paleoproterozoic protoliths but were
migmatized during the Neoproterozoic [27,28,30].
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Figure 2: Geological Map of Southwestern Nigeria Showing
Location of the Study Area

Field Relationship

The general landscape of the study area comprises of conical hills
with heights ranging between 180 - 550 m above the mean sea
level. Idanre area is higher than the surrounding rainforest zone of
southwestern Nigeria which lies at approximately 200m above sea
level [42]. The Idanre area consists of migmatite-gneiss, granite
and charnockite, (Figure 3). Migmatite-gneiss complex across the
country is generally Archaean to Paleoproterozoic age [43-46].
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The Idanre migmatite-gneiss complex is made of three (migmatite,
biotite-hornblende gneiss and banded gneiss) subunits.
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Figure 3: Geological Map of the Study Area Modified after
Geological Survey Nigeria (1966)

Migmatite

Migmatite is the most extensive unit covering a greater percentage
of the landmass of the study area. It is generally low-lying and
most localities lacking rock exposures are believed to be underlain
by migmatite. The migmatite in some places grade into gneiss,
which is probably why previous authors considered the unit as one
lithology. Believes the homogenizing effect of Pan-African orogeny
led to metasomatism, dynamic metamorphism and magmatism
which produced the various rock types depending on their original
compositions [47]. The trio believes the problems associated with
classifying the various shades of gneisses and migmatites in the
basement complex are obvious. Strictly speaking, migmatite is
the country rock in which the younger rocks have been emplaced
[48]. The migmatitic rock was intensely involved in the Pan-
African (600 Ma) mobile belt activity [49]. Idanre migmatite
typically occurs as low-lying, fine-grained rock with complex
fold structures. Fold geometry range from simple symmetrical
types (Figure 4a) to shear folds and disharmonic ptygmatic folds.
While the migmatitic rock show intense foliation in few localities,
in other areas, the foliations become so indistinct that the bands
are almost non-existing, leaving various indiscernible streaks of
light and dark minerals. Other structural elements in the migmatite
include fractures, joints, quartz vein intrusions and veinlets.
The size of the quartz veins varies from tiny stringers of few
millimeters width to those measuring up to 15cm in width. Quartz
vein intrusions are commonly attributable to fracture fillings and
by quartz injections.

Biotite-Hornblende Gneiss

Biotite-hornblende gneiss has a fine texture with faint banding.
Abundant biotite flakes are sandwiched into planes that are distinct
from the light-colored quartzo-feldspartic portions. The biotite-
hornblende gneiss outcrops around Alade area are typically unique
because their quartzo-feldspartic portions are restructured into
discontinuous streaks of porphyroblasts of felsic aggregates having
eugen structures (Figure 4b). The main structures in the rock are
oriented in approximately N-S direction. The principal axis of
foliation is aligned along a strike direction which ranges between
NS5oE and N18oE. Several quartz vein intrusions of varying
dimensions crisscross each other on many outcrops.

Banded Gneiss
This unit occur in few localities as isolated low-lying masses

which display conspicuous segregation into thin bands which
are arranged into perfect patterns of alternating mafic and felsic
minerals (Figure 4c). Outcrops of banded gneiss is intersected
only in the southeastern part of the study area. In some localities,
bands of leucocratic and melanocratic minerals are remarkable,
while the lit-par-lit structure makes the rock typically unique. In
few cases, the bands are so thin, whereas in others the laminae
are thicker and more conspicuous. Remarkable structural attribute
includes high-angle westerly dip values ranging from 72-810.

Figure 4: (a) Migmatite Gneiss Outcrop near Alade-Idanre Road
Junction Showing Wrinkled Surface which Display Complex Fold
Styles; (b) Biotite-Hornblende Gneiss from the Study Area with
Nebulitic Structures; (c) Banded Gneiss with Eugen Structure;
(d) Porphyritic Granite Outcrops in the Heart of Idanre Town
(e) Undifferentiated Older Granite with Whale Back Shape in
Idanre; (f) Close View of the Phenocrysts of K-Feldspar in Idanre
Porphyritic Granite

Granite

Towering granite inselbergs makes the study area a topographically
unique terrane. Idanre town is located on a pediment surrounded
by these dome-shaped, steep-sided and sparsely vegetated lofty
hills which forms the charming scenic beauty of the town. The
granite forms massive intrusive bodies within the migmatitic
basement and occur in three textural forms. These are: (i) fine-
medium grained biotite and biotite muscovite granite (OGf), which
occur as small isolated units about 9km east of Alade-Idanre Road
junction; (ii) coarse-porphyritic biotite and biotite-hornblende
granite (OGp) which forms large masses around the built-up areas
of the town; and (iii) the undifferentiated Older Granite (OGu)
which rim the porphyritic granite in the northern part (Figure 3).
The emplacement of the granite during the Pan-African orogenic
activities which affected the entire terrane may have oriented the
dominant structures of the basement rocks in a N-S direction.

Charnockite
The Idanre charnockite has a restricted occurrence, it is confined
to the core of the porphyritic granite intrusions. The rock is
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particularly unique due to its olive-green color, vitreous and greasy lustre, and a characteristic spheroidal weathering. Charnockite
was believed to have diverse origins spanning metamorphic and igneous derivations and are only common in certain Precambrian
basement areas of the country [50].

Mineralogical Features

Major rocks in the study area were subjected to optical analysis. Modes were determined by point counting and visual estimation.
The data were collected using a Swift Model E point counter fitted with an automated stage. Samples examined are thin sections
(approximately 30 mm x 40 mm area of rock) that had been prepared for microprobe analysis. Usually, the total counts were between
1500-2000 on each specimen. It is conducted in such a way that the whole surface of the thin section was covered. Minerals counted
were alkali feldspar, plagioclase, quartz, biotite, hornblende, and accessory minerals (Table 1). Microscopic study shows that variations
in texture, mineralogy and structure between hand specimen samples of migmatite, biotite-hornblende gneiss and banded gneiss are
also reflected in the features observed in thin sections. Quartz, K-feldspar, biotite and hornblende are common to the three gneiss
types. However, the percentage contribution of these constituents to the modal composition of each unit differs significantly. Minerals
occurring as minor constituents are pyroxene, iron-oxide, apatite, zircon and garnet.

Migmatite Gneiss

Migmatite comprise quartz (42-47%; ca. 44.5%), feldspars (microcline, K-feldspar (22-28%; ca. 25%) and biotite (7-13%; ca. 10%)
(Table 1). Quartz occurs as small crystals with well-defined outlines. It sometimes forms clusters of equigranular aggregates. Euhedral
to subhedral porphyroblasts of quartz are sometimes surrounded by groundmass of mainly quartz and biotite. Quartz crystals are
colorless, clear and lack any form of cleavage and constitutes approximately 45% of the rock in thin section (Figure 5a). Quartz
grains show first order polarization color ranging between grey and white. Some of the quartz crystals show straight extinction while
the few that are fractured and dislocated show undulose extinction. Feldspars are mainly albite with Carlsbad twins, biotite occurs
as disoriented mineral laths.

Table 1 (Quartz); 2 (Feldspar); 3 (Biotite); 4 (Hornblende); 5 (Microcline); 6 (Mymekite); 7 (Orthoclase); 8 (Opaque); 9 (Albite); S
(Sphene); P (Pyroxene); M (Muscovite)

Table 1: Modal Composition of the Basement Rocks of Idanre (in Volume Fractions)

Sample No 1 2 Avg. 3 4 Avg. 5 6 Avg. 7 8 9 Avg.
Rock type M M BHG | BHG BG BG OGu OGu OGu
Minerals

Quartz 42 47 445 43 45 44 39 43 41 49 45 52 48.7
Feldspar 28 22 25 25 21 23 23 18 20.5 14 11 8 11
Hornblende 6 9 7.5 12 9 10.5 5 2 35 10 14 12 12
Pyroxene - - - 6 6 - 6 - 2
Biotite 13 7 10 18 15 16.5 12 13 12.5 13 9 13 12
Muscovite 6 8 7 2 4 3 7 10 8.5 8 8 7 7.3
Opaque 5 7 6 - 6 3 8 8 8 6 7 8 7
Total 100 100 100 100 100 100 100 100 100 100 100 100 100
Sample No 11 12 Avg. 13 14 15 Avg. 16 17 18 Avg.

Rock type OGp OGp OGp OGf OGf OGf CH CH CH

Minerals

Quartz 46 50 45 47 38 41 41 40 35 35 30 333

Feldspar 28 20 24 24 26 23 20 23 26 21 25 24
Hornblende 8 8 8 8 7 11 8

Pyroxene - 3 1 5 - 3 12 9 10 10.3

Biotite 9 10 8 9 8 10 6 8 12 12 15 13
Muscovite 8 6 9 5 7 5 4 3

Opaque 4 5 7 11 12 10 15 10 10 11.7

Others 3 1 8 6 4.7

Total 100 100 100 100 100 100 100 100 100 100 100 100

Note: Avg. (Average); M (migmatite); BHG (Biotite hornblende gneiss); BG (Banded gneiss); OGu (Undifferentiated Older granite);
OGp (Porphyritic granite); OGf (Fine-grained granite); CH (Charnockite)
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Granite

The main mineral assemblage in the granite unit are plagioclase, K-feldspar, microcline, quartz, biotite, hornblende and opaque phase.
The undifferentiated granite (OGu) has average composition of quartz (48.7%), feldspar (11%), hornblende (12%), biotite (12%),
muscovite (7.3%), and opaque (7%) (Table 1). Similarities in mineralogical composition between the porphyritic granite (OGp) and
fine-grained granite (OGf) is indicated by comparable feldspar and hornblende contents (Table 1). The undifferentiated granite carries
large crystals of hornblende that are charged with several inclusions of quartz and pyroxene that are randomly arranged within the
enclosing crystals (Figure 5d). Biotite occurs as very large plates with characteristic greenish-brown color, it bears rounded grains
of quartz. Few euhedral crystals of sphene with diamond-shaped rhombs are observed. In the porphyritic granite, some microcline
crystals are so large that they almost occupy the entire stage. It has characteristic grid (cross-hatched) twinning and grey to brown
color. Few quartz grains are interlayered into characteristic myrmekite structures (quartz feldspar intergrowth) (Figure Se). In the
porphyritic granite, orthoclase occurs as large euhedral crystals with diagnostic Carlsbad twins (Figure 5f), it has well-defined edges.
Smaller grains of quartz and hornblende form supporting minerals in the interlocking structure. In the fine-grained granite, quartz
occurs as pleochroic mineral with almost equidimensional grains exhibiting white and grey color (Figure 5g). Biotite forms small
pinkish to greenish mineral laths scattered in a disoriented manner. Hornblende are chestnut brown to greenish in color and forms
the main supporting mineral across the entire stage (Figure 5h). Plagioclase occurs as large subhedral to anhedral crystals, similar
but equidimensional masses also occur in clusters. The clusters may represent early plagioclase which crystallized from melt. The
K-feldspar is orthoclase with size ranging from 8 to 12 mm while large crystals of microcline exhibits grid twinning and sometimes
take a significant percentage of the stage. Quartz occurs as anhedral grains with undulose extinction indicating strain. Cracks are
commonly observed in the quartz grains but not in the adjacent feldspar. The higher crack densities in quartz compared to adjacent
grains indicates that the initiation of microcracking is genetically related to internal stresses in the crystal. The deformation features
in the quartz crystals probably developed during cooling and uplift of the granite magma. Biotite is the main mafic aggregates and
occurs in two (green and brown) color varieties. The pleochroic scheme varies from dark-brown to green, and brown to yellowish
brown. Sometimes the mineral show evidence of alteration to chlorite particularly at the margin. Biotite occurs as anhedral plates and
are arranged such that their longer axis is aligned towards same direction. Few crystals measuring up to 5 mm long are seen. Biotite
commonly encloses numerous small crystals of apatite and magnetite. Hornblende is commonly observed in the marginal facies.

Figure 5: Photomicrograph (xpl) of the Rocks in the Study Area showing the Minerals Components (a) Migmatite; (b) Biotite-
Hornblende Gneiss; (c) Banded Gneiss (d) Undifferentiated older Granite (e), (f) Porphyritic Granite; (g) Fine Grained Granite (h)
Fine Grained Granite, (i) Large PYROXENE crystal

Charnockite

The charnockite comprises quartz (30-35%, ca. 33.3%), plagioclase (21-26%, ca. 24%), pyroxene (hyphersthene) (9-12%, ca. 10.3%),
biotite (12-15%, ca. 13%), and muscovite (0-5%, ca. 3%) (Table 1). Large crystals of pyroxene with characteristic mesh texture are
observed in the charnockite (Figure 51). Other minerals in subordinate amounts are zircon and opaque. Many grains carried inclusions
of quartz, while orthoclase is twinned according to albite law (Carlsbad twinning). Few crystals of orthoclase display distorted twinning
and micro cracks which are evidences of stress. Hyphersthene shows mesh texture, while few muscovite flakes exhibit distorted
cleavages. The hornblende crystals are probably formed because of secondary growth. Opaque minerals are mainly iron oxide.

Materials and Analytical Methods
Systematic geological mapping was undertaken adopting standard geological methods in the sampling techniques. Samples are collected
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from wide geographical spread across the terrane and weathered
samples are avoided as much as possible. Rock samples are
collected from outcrop exposures using a sledgehammer. Eighteen
fresh and wholesome representative samples comprising six (6)
basement gneisses, nine (9) granite, and three (3) charnockite
obtained from the Migmatite-Gneiss-Granite terrain of Idanre were
used in the study. Samples weighing about 0.5 to 1 kg obtained
during fieldwork were trimmed to remove any trace of weathering
to obtain the cleanest samples. 8 cm* (2 cm x 2 cm x 2 cm) of
each rock sample were dried at room temperature overnight and
later pulverized. Glass fusion discs were used in the analysis of
major elements. Each disc was prepared by using a mixture of
approximately 0.5 g of 153-micron rock powder with 3.3 g of
lithium borate flux in ratio 5.4321:1 flux: rock at 1150°C and the
melt casted into 4 cm diameter aluminum plates. The resultant
glass disc was then mounted on a backing disc for analysis. Powder
pellets used in trace elements analysis were prepared by mixing
7 g of 53p (micron) powder with 12 to 15 drops moviol binder
solution (4 g Moviol + 10 ml ethanol + 50 ml distilled water).
The resultant mixture was pressed into a 4cm disc under 5 tons
pressure and dried before analysis following [51].

Geochemical analysis was carried out, major, trace and Rare
Earth Element (REE) composition of the selected samples
were determined. The Inductively Coupled Plasma Mass
Spectrophotometer (ICP-MS) using Resonatcs 193NM Excimer
Laser (Agilent 7700) and He-Ablation gas at 0.3L/min with a
Carrier gas of 1L/min Ar+ 0.003L/min Nitrogen was adopted for
the trace element; X-Ray Fluorescence (XRF) with Rh Tube was
adopted for the major elements analysis. All geochemical analyses
were undertaken at the commercial Laboratory, Ontario, Canada.
Major elements (SiO,, AL O,, Fe,O,, CaO, MgO, MnO, Na,O,
K,0, TiO,, P,0O,) and trace elements (Ba, Ce, La, Nd, Nb, Pb, Rb,
Sr, Th, Y and Zr) were determined. For the REE concentration,
0.25 g of powdered rock was weighed accurately into a graphite
crucible and 2 g of Na,O, was added. The mixture was then heated
at 7000C for about an hour and then extracted and leached with
water. The precipitation of hydrated oxide was dissolved with
HNO, and analyzed using ICP-MS.

Result and Discussion

Compositional Features in Relation to other Nigeria Granites
The analytical result (Table 2) indicates that the average SiO,
contents in the migmatite (ca. 65.18%), is higher than biotite-
hornblende gneiss (ca. 60.85%) and banded gneiss (56.78%).
Generally, the SiO, values range between 55.9%- 65.32% for all
the gneisses. Mean Al,O, content in the banded gneiss (17.22%) is
higher than both migmatite (15.04%) and biotite-hornblende gneiss
(14.76%). Average Fe O, content in banded gneiss (8.53%) and
biotite-hornblende gneiss (8.53%) are comparable, but marginally
higher than the migmatite gneiss (6.04%). Average SiO, content in
the gneissic rocks from Idanre is comparable to garnet-silimanite
gneiss (61.07%), migmatitic schists (57.33%-62.62%) but slightly
lower than garnet-hornblende gneiss (65.9%) from the basement
complex of Obudu areas in southeastern Nigeria; and migmatite
(66.5-69.8%) from Ekiti area [53,54]. Similar trend though with
slight variations occur in silica contents of other rock units. For
instance, SiO, content in undifferentiated Older granite (OGu)
(62.97-66.50%), porphyritic (OGp) (71.15-74.52%), the fine-
grained granite (OGf) (63.60-67.90%) are all within the range
(71.90-75.00%) reported from granites in Ekiti (74.25-76.52%),
(73.52%-75.43%) [12] for porphyritic granite and medium grained
granite from Ado-Ekiti area [55]. These values are also comparable
to the Solli Hills granite (63.84-75.09%), Rahama amphibole-
biotite granite (65.59-67.87%), Monzonite (62.92-67.79%) and
Toro amphibole-biotite granite (65.74-69.18%) all from the
basement complex of northcentral Nigeria [55]. The range of silica
contents in Idanre charnockite (60.62-63.7%) is marginally lower
than Ekiti charnockite 65.2-67.8% but comparable to Ado-Ekiti
charnockite 58.60-64.33% and Obudu charnockite 53.63- 55.2%
[12,53,54]. ALO, concentrations in the Idanre gneiss complex
(14.76-17.6%), granite complex (12.29-18.71%) and associated
charnockite (6.59-16.88 %) are comparable to similar rocks in
the basement complex. Fe,O, content in the Idanre granites (OGu:
2.33-6.56 %), (OGp: 2.74-3.2%) and (OGf: 3.98-6.00%) and
charnockite (4.81-7.15 %) are expected for this kind of rocks.
On average, the three oxides (SiO,, AL,O, and Fe,0,) constitute
between 80-84% of the bulk chemical composition of the rock
units in the study area. The relatively high concentration of these
oxides is expected for this type of rocks and are in conformity with
similar rocks from the basement complex of southwestern Nigeria.

Table 2: Analytical Result of the Major Basement Rocks in Idanre Area. (M1-M5) Migmatite-Gneiss, (OG) Granite (CH)

Charnockite
Sample | M1 M2 M3 M4 M5 | OGu | OGu | OGu | OGp | OGp | OGp | OGf | OGf | OGf | CHI | CH2 | CH3
Si02 | 6532 | 6504 | 60.85 | 57.66 | 559 | 665 | 6297 | 642 | 7376 | 7452 | 7115 | 63.6 66.0 679 | 63.53 | 60.62 | 63.70
A203 | 1498 | 151 | 1476 | 1683 | 17.6 | 1427 | 1871 | 17.89 | 12.68 | 1229 | 13.82 | 154 14.4 151 | 1659 | 1661 | 16588
Fe203 | 591 6.17 8.53 847 | 859 | 6.56 2.88 233 2.88 2.74 32 6.0 6.32 3.98 523 7.15 4.81
MgO 1.73 1.89 1.41 136 | 145 | 067 0.65 0.58 0.37 0.22 0.42 1.08 0.85 0.48 0.52 0.72 0.46
CaO 38 4.17 3.49 355 | 371 | 226 2.83 1.95 1.42 133 1.62 2,97 3.01 1.93 251 291 2.4
Na20 3.03 3.18 3.05 358 | 381 | 3.07 4.05 3.11 2.67 2.83 2.95 3.13 3.55 3.25 3.66 372 3.81
K20 3.92 3.17 525 564 | 583 | 4095 6.51 8.4 5.29 4.87 575 5.74 39 6.15 6.41 6.19 | 643
TiO2 0.6 0.64 1.45 137 | 144 | 078 0.2 0.19 0.36 0.23 0.41 0.9 0.84 0.49 0.62 0.9 0.52
P205 0.17 0.18 0.47 034 | 033 | 023 0.08 0.11 0.08 0.04 0.1 031 0.27 0.14 0.14 0.21 0.12
MnO 0.09 0.09 0.12 0.1 0.11 | 007 0.04 0.04 0.03 0.03 0.03 0.07 0.07 0.04 0.09 0.13 0.08
LOI 02 0.1 02 03 0.4 03 0.6 0.5 02 0.7 03 0.4 0.4 03 0.6 03 0.4
Total | 99.84 | 99.83 | 99.74 | 9955 | 99.5 | 99.82 | 99.82 | 99.84 | 99.83 | 99.81 | 99.83 | 99.7 99.7 99.8 | 99.87 | 99.77 | 99.7
Ba 844 687 1567 | 3201 | 3054 | 1402 | 2622 | 3256 819 391 1057 | 1721 702 992 1295 | 1624 | 1525
Be 4 4 0.8 4 6 1 4 4 1 4 1 2 5 4 1 2 bdl
Cs 0.6 0.5 03 0.1 0.1 0.1 03 02 bdl 04 bdl 0.3 0.2 0.2 0.2 03 0.4
Ga 16 16.2 19.7 208 | 228 | 217 16.4 14.4 16.5 16.1 16.9 20 20.8 18.7 18.7 216 | 215
Hf 5.2 6.2 14.7 36.1 | 424 | 143 42 4.4 8.7 6.9 8.6 14.4 17.2 8.1 54 19 26.3
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Nb 145 17 48 61.6 | 615 | 307 8.8 26.2 59 817 | 147 | 458 | 352 36 11 424 | 485
Rb 1518 | 1407 | 163.4 | 1348 | 1544 | 1452 | 187.8 | 2292 | 1644 | 2308 | 1815 | 186 146 194 | 3024 | 1325 | 1235
Sr 3483 | 3387 | 280.2 | 5827 | 580.7 | 2298 | 735 | 7111 | 2146 | 1153 | 2355 | 366 | 223 252 | 2389 | 2277 | 2412
Ta 0.9 1 3.1 47 | 41 | 117 | 45 202 | 456 | 672 5.6 132 | 114 | 122 | 605 | 121 | 166
Th 324 | 362 | 177 35 52 | 205 9.9 185 | 255 | 115 | 295 | 184 | 595 | 294 | 167 | 276 | 202
u 1.9 2.1 1.6 0.9 11 1.7 0.9 13 1.9 11.8 12 14 2 1.5 2.1 2.9 23
Zr 1822 | 217.7 | 6165 | 1755 | 2025 | 615.1 | 1503 | 1713 | 3712 | 2446 | 3368 | 619 741 354 | 78901 | 1160 | 629.6
Y 317 35 495 | 486 | 503 | 355 | 211 | 172 18 20 18.2 43 492 | 2201 | 292 | 361 2
Nb/Ta | 1611 | 17.00 | 1548 | 13.69 | 150 | 262 | 196 | 129 | 129 | 121 | 263 | 347 | 3.08 | 295 | 1.8 | 350 | 2.92
La 58 599 | 105 | 1345 | 1374 | 615 | 627 | 1032 | 138 | 2009 | 1548 | 142 344 161 | 977 | 1367 | 1242
Ce 1085 | 107.3 | 206 | 2858 | 2859 | 1673 | 111 | 180.5 | 244.1 | 3609 | 267 282 622 284 | 1863 | 266.1 | 213.8
Pr 1138 | 1159 | 2256 | 33.99 | 33.03 | 1437 | 126 | 1688 | 2262 | 3357 | 2507 | 299 | 591 | 27.6 | 19.66 | 2823 | 21.22
Nd 415 | 431 | 822 | 1312 | 1223 | 524 | 436 | 534 | 715 | 993 | 795 106 | 1865 | 885 | 73.5 | 1038 | 75
Sm 724 | 694 | 1412 | 2169 | 1999 | 1024 | 737 | 727 | 929 | 131 | 985 | 1672 | 2517 | 1229 | 1144 | 1596 | 9.84
Eu 145 | 138 | 304 | 486 | 445 | 235 | 234 | 231 1.8 114 | 189 | 274 | 238 | 228 33 324 | 331
Gd 622 | 663 | 1223 | 1637 | 1479 | 9 538 | 526 | 580 | 7.52 | 656 | 125 | 17.09 | 852 | 938 | 1205 | 732
Tb 091 | 101 | 181 | 207 | 191 | 136 | 078 | 068 | 073 | 092 | 079 | 171 | 213 | 1.05 | 114 | 157 | 086
Dy 535 | 601 | 975 | 1125 | 1012 | 724 | 431 | 349 4 4.61 39 | 934 | 1073 | 523 | 625 | 795 | 4.56
Ho 109 | 127 | 192 | 1.8 | 1.82 | 139 | 072 | 0.64 0.6 | 074 | 066 | 161 | 192 | 087 | 113 | 143 0.8
Er 3.4 369 | 526 | 527 | 49 | 379 | 214 | 176 | 161 | 194 | 174 | 438 | 508 | 244 | 3.1 404 | 223
Tm 051 | 054 | 073 | 068 | 07 | 053 | 029 | 022 | 024 | 028 | 022 | 058 | 064 | 029 | 042 | 056 | 031
Yb 341 | 366 | 459 | 44 | 453 | 333 | 188 | 142 | 142 | 171 14 | 345 | 404 | 192 | 274 | 374 | 205
Lu 0.5 06 | 066 | 062 | 065 | 048 | 024 | 022 | 022 | 025 | 021 | 053 | 056 | 026 | 045 | 058 | 036
Geochemistry

The geochemical data was plotted on variation diagrams to establish the evolution trend of the rocks. The major elements Harker
diagrams (Figure 6) show negative correlation with SiO,. All the major oxides (Al,0,, MgO, CaO, Fe,0O,, Na O, TiO, and P,O,) except
K,O apparently decreased with increasing SiO, content. The decreasing trend of most variation diagrams suggested fractionation of
mafic minerals. Geochemical classification of granitic rocks is based upon three variables. These are FeOt/FeOt+MgO, the Modified
alkali-lime index (MALI) (Na,0+K O-CaO), and the aluminum saturation index (ASI) [Al/Ca-1.67P+Na+K]. The Fe-number
distinguishes ferroan granitoids which manifest strong iron enrichment from magnesian granitoids which do not. The ferroan and
magnesian granitoids can further be classified into alkalic, alkali-calcic, calc-alkalic, and calcic based on modified alkali-lime index
(MALI) and subdivided based on ASI into peraluminous, metaluminous or peralkaline. Because alkalic rocks are not likely to be
peraluminous, and calcic and calc- alkalic rocks are not likely to be peralkaline, The variation plot of FeOt/(FeOt + MgO) versus SiO,
(Figure 7a) indicates the rock units are ferroan [56]. Ferroan (Fe-enriched) granites are closely associated with conditions of limited
availability of H O and low oxygen fugacity during partial melting of their source rocks as well as the crystallization of anhydrous
silicates [56]. On the other hand, magnesian granites are associated with relatively hydrous magmas and oxidizing differentiation
trends [60]. It would therefore appear that these granitic rocks evolved under largely intermediate conditions with respect to these
parameters. Na,O+K,O and CaO contents was used to classify the rocks geochemically using the Alkali-lime index, this is adapted
in a plot of (modified alkali-lime index) Na,O+K,0-CaO versus SiO, diagram after (Figure7b) which categorized the rock units into
alkali-calcic and calcic-alkali series [56,61]. Also, Al,O,/Na,0+K,O (ANK) versus Alumina Saturation Index (ASI) plot (Figure
7¢) where ASI axis represents Al/(CaO-1.67P,0,+Na,0+K,0) categorize the rocks as metaluminous (ACNK 0.84-1.02) [62]. A
metaluminous rock is that in which ASI<1.0 and molecular Na,O+K,O<Al. In such rock, there is likely to be excess Ca after aluminum
has been accommodated in the feldspars. As a result, metaluminous rocks contain calcic phases such as hornblende and augite but
lack either muscovite or sodic ferromagnesian phases. Rocks with ASI >1.0 are corundum normative and are termed peraluminous,
S-type, syn-collisional granitoids, continental collision granitoids, and muscovite-peraluminous granites [58,59,63-65]. This means
that they have more Al than can be accommodated in feldspars and that they must have another aluminous phase present.
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Figure 7: (a) FeO'/(FeO' +MgO) Versus SiO, plot (after [56]) of
Rocks in the Study Area (b) (Na,0+K 0)-CaO Versus SiO, plot
for Subdivision of Granitoids According to the Modified Alkali-
lime Index of [56]. (c) ANK Versus ASI plot (after [57-59]) for
the Rocks in the Study Area. (symbols as in Figure 6)

The binary plot of ALLO, versus MgO (Figure 8) after) shows that
the samples fall in the orthogneiss field which means that the
rock formations are largely derived from igneous ancestors [66].
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Figure 8: Al,O, Versus MgO Discrimination Diagram (after [66])

(symbols as in Figure 6)

Generally, all the gneissic and granitic units are enriched with high
alkaline contents (Na,O +K O) ranging from 7.70 to 11.51 wt.%
for the granite and 6.35 to 9.64 wt.% for the gneisses. The chemical
classification and nomenclature of volcanic rocks using the total
alkalis (Na,0+K,O) versus SiO, (TAS) diagram of, adapted by  After [71,72]. (Symbols as in Figure 6)

for plutonic rocks and (Figure 9) show that most of the rocks lie
within the granite field [67-69]. K O versus SiO, diagram (Figure
10a) show all the samples plot in continental granophyre field
indicating that some crustal materials were probably involved in
the magma generation [70]. (Na,O+ K,0)-Fe,0,-MgO (AFM)
Ternary diagram (Figure 10b) with the dividing lines (after)
classifies the rocks as calc-alkaline series [71,72]. The ternary
Ba-Rb-Sr diagram of (Figure 11) show the rocks plot extensively
on anomalous granite field with few samples within granodiorite
and quartz diorite fields [73].
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105 L B | 3
i continental granoph},re 1
" continental tholeiitic )
1op  Dbasalt .5 .
o Fiidreggms i
o) b __‘fn3 gabsee plagiogranite 1
01 .
- cmnu.late ggh‘_qgo 1
i ' ]

001 o L iy L
50 60 70 80

8102 (wt%)

Figure 10: (a) K,O Versus SiO, Diagram (after [70]) (symbols
as in Figure 6)

total

(F;gog)

Tholeitic

series

Kuno (1968)

7
A Calc-alcaline series

Irvine and Baragar (1971)

A
(NaO+K,0)

Figure 10: (b) AFM Ternary Diagram with the Dividing Lines

J Ear Environ Sci Res, 2024

Volume 6(7): 8-14



Citation: Olusola A OlaOlorun, Oluwatoyin O Akinola (2024) Migmatite-Gneiss-Granite Basement of Southwestern Nigeria: Mineralogical and Geochemical Evidence

for a Possible Common Ancient Protolith. Journal of Earth and Environmental Science Research. SRC/JEESR-290. DOI: doi.org/10.47363/JEESR/2024(6)224

Rb

(T~ diontes
2- granodiorites &quartz diorite
3- anomalous granite
4- normal granites
3- strongly differentiated granites

Ba

Figure 11: Ba-Sr-Rb Ternary Diagram of for the Rocks in the
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Trace element geochemistry (Table 2) indicates enrichment in Ba,
Rb, Sr, Zr and Ce relative to other trace elements. Harker diagrams
of trace elements (Figure 12) indicates that while Ba, Zr, Sr and
Y shows negative correlation with SiO,, Rb shows a positive
relationship with increasing SiO, contents while La trend is
indiscernible on the scatter diagram. This indicates that some of the
trace elements probably behaved in a less mobile manner during
the magmatic process or subsequent metamorphism. Indicate that
Ti, Zr, Y and Nb are generally immobile during metamorphic
processes [74]. Even though there appear no significant variation
between the gneissic and granitic rocks in terms of Nb and Rb
contents, a noticeable geochemical difference exists between their
Ta contents. The gneisses contain lower Ta values (0.9-4.7 ppm)
than the granite (4.5-67.2 ppm), consequently, Nb/Ta ratios vary
between 13.69-17.00 ppm and 1.21-3.50 ppm respectively for
the two rock types. The variation in Nb/Ta components may be
attributed to either differences in age, mineralogy or composition
between the gneiss and granite rock types. TiO, versus Zr plot
(Figure 13) shows the different crystallizing options in the granite
is controlled by some combination of crystallization of zircon
+ hornblende, zircon +sphene, zircon + magnetite+ biotite, and
zircon + hornblende + sphene + magnetite.
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Figure 12: Trace Elements Harker Diagram for the Gneiss and
Granitic Rocks (symbols as in Figure 6).

15-
A -
PLKL
- Kf Qz
10-
L ] -
Tio? .
Hb
A‘ .
0.5- * * Sample Trend Mt
.’ ip
0.0 :
560 1000 5, 150 2000 2500
T

Figurel3: TiO, versus Zr Plot of the Gneiss and Granite Rocks
from the Study Area. Mineral Vectors Indicate Path Evolved
Liquids for 15% of a Mineral Precipitating: Pl = Plagioclase; Kf
= K-feldspar; Qz = quartz; Mt = magnetite; Sp = sphene; Hbl =
hornblende; Zi = zircon.

The significant interest in the geochemistry of REE has come
from the viewpoint that the observed degree of REE fractionation
in rocks of granitic composition or mineral can be a pointer to
its origin. The application of REE abundances to petrogenetic
problems centered on the evolution of igneous rocks where such
processes as partial melting of crustal or mantle materials, fractional
crystallization and /or mixing of magmas are involved [75]. REE
resources of granites are mostly associated with accessory minerals
while some accessory minerals favour the LREE (e.g., allanite),
others the HREE (e.g., zircon). REE elements from La to Lu
were analyzed for the rock samples. REE concentration for the
chondrite Leedy were used for normalization. The granite rock
has average total REE 250-810 ppm (mean: 530 ppm) [76]. All
the samples are enriched in light rare earth elements (LREE) and
depleted in heavy rare earth elements (HREE). The LREE in the
rock samples typically have 200 to 1010 times chondrite levels,
whereas the HREE have 6 to 25 times chondrite levels (Figure
14). One of the most striking features of the REE distribution in
the gneissic and granitic rocks is the similarity of both chondrite
normalized profiles; they both show a family-like profile. Majority
of the analyzed samples display similarities in their REE shape
with each sample showing a negative Eu anomaly. Eu anomalies
are usually generated by fractional crystallization or fusion of
plagioclase feldspar, garnet, apatite, allanite, magnetite and
possibly clinopyroxene and amphibole. The petrographic analyses
however reflects this position. The presence of prominent Eu
anomaly in the rocks indicates that plagioclase fractionation is an
essential requirement in the development of the Idanre granitic
series. On the primitive mantle normalized spider diagram (Figure
15), the granite samples show a strong depletion in Nb, P, Ti but
Th and Ta enrichment, whereas the gneissic rocks show a profound
Ta depletion [77].
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Rock Classification

Mineralogy of the granitic rock, especially the occurrence of
sphene and hornblende suggest that they are of ‘I’ type. This is
supported by ACNK (Al,0,/CaO+Na,0+K ,0) values where all
the granitic samples fell below ACNK=1.1 (Figure 16) and have
increasing ACNK values with respect to increasing SiO2, all
suggested that the granite magma originates from igneous source
[62,78]. Na,O versus K,O diagram (Figure 17) showed that both
the gneiss and granitoids samples plot in I- type domain also
implying that the magma source is Igneous in origin. Evidence of
I-type for the granite is further displayed on P,O, versus SiO, plot
(Figure 18) in which the main difference between the compositions
that result from the crystal fractionation of felsic I and S type melts
is that with increasing SiO,, P,O, decreases in I-type granite and
increases in S type melts [79].
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Figure 16: ACNK Versus SiO, plot for Gneiss-Granite Rocks
of Idanre Area
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Figure 17: Na,O Versus K,O plot for the Gneiss and Granite
Rocks from the Study Area (Symbols as in Figure 6).
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Figure 18: P,O, Versus SiO, plot for Gneiss And granite Rocks
from Idanre Area. The Arrow shows a Decreasing Trend for both
Gneiss and Granitoid Samples (Symbols as in Figure 6).

Tectonic Implication

Showed that tectonic discrimination of the protolith of the
migmatite-gneiss-granite rocks using the parameters R1 and
R2 calculated from milli-cations proportions [80,81]. R1=4Si-
11(Na+K)-2(Fe+Ti); R2= 6Ca +2Mg+Al can discriminate five
granitic groups related to the tectono-magmatic divisions proposed
by [82,83]. The diagram shows the rock plots in late orogenic to
syn-collisional field (Figure 19). The different intrusive complexes
are clearly distinguished according to their plate settings on well-
established granite discrimination diagrams. Proposed that granites
may be subdivided according to their intrusive settings into four
main groups which are ocean ridge granites (ORG), volcanic arc
granites (VAG), within plate granites (WPG) and collision granites
(COLG) [64]. Discrimination of ORG, VAG, WPG and syn-COLG
can be established effectively on Rb-Y-Nb and Rb-Yb-Ta space,
particularly on projections of Y-Nb plots. Tectonic discrimination
plot of Nb versus Y (Figure 20a), both granite samples as well as
the gneissic country rock plot on Within Plate Granite (WPG) and
Volcanic Arc+Syn-COLG (VAG+ Syn-COLG) granites fields [64].
This is further discriminated using the Rb versus Ta+Yb diagram
(Figure 20b) where most samples plot inside the WPG while
other samples clusters around the dividing line between the Syn-
COLG and VAG fields [64]. Ta versus Yb discrimination diagram
(Figure 20c), revealed all the samples fell on WPG and VAG but
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with no representation in Syn-COLG and ORG fields [64]. Rb
versus Y+Nb discrimination diagram (Figure 20d), indicated all
the samples plot and clustered on the dividing line between VAG
and WPG fields with no major representation on the Syn-COLG
or ORG confirming the Ta versus Yb diagram [64].
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Figure 20: Tectonic Discrimination plots of (a) Nb Versus Y, (b)
Rb Versus Y+ND, (c) Rb Versus Ta +YDb, and (d) Ta Versus Yb for
the Rocks in the Study Area (Symbols as in Figure 6)

Summary

Field geology indicates that granite in Migmatite-gneiss-granite
belt of Nigeria occur as intrusive bodies in the form of fine-
grained, porphyritic, and coarse-grained (undifferentiated) suites.
Petrographic investigation reveals the gneiss is dominated by
quartz, feldspar and biotite and hornblende; while the granite
contain quartz, K-feldspar, microcline, biotite, hornblende,
magnetite sphene and opaque magnetite. Despite slight
petrographic differences between the two rock types, geochemical
features of the migmatite-gneiss-granite rocks are comparable to
similar rocks reported from other areas of the basement complex of
Nigeria. Harker diagrams of major elements indicates fractionation
of the mafic minerals. Compositionally, FeOt/(FeOt+MgO) versus
SiO, variation plot classifies the migmatite-gneiss-granite rocks as
ferroan type, Al,O, versus MgO plot classifies them orthogneiss

while total alkali (Na,0+K O) versus SiO, (TAS) classified the
rocks as granite. K,O versus SiO, binary plot classifies the rock as
continental granophyre. AFM [(Na,0+K_ 0O)-Fe,O,-MgO] ternary
diagram geochemically classifies the rock as calc-alkaline series.
AlO,+Na O+K O versus Alumina Saturation Index (ANK vs ASI)
plot indicates ASI<1.0 showing the granite is metaluminous, while
a decreasing trend in the P,O, versus SiO, plot indicate I-type
granitoids. Low ACNK values (<1.1), a decreasing trend on ACNK
versus SiO, binary diagram indicates the rocks originates from
partial melting of igneous protoliths. Na,O versus K,O variation
diagram indicates both the gneiss and granite originate from a
similar source. The similar shape for the chondrite normalized REE
distribution for both migmatite-gneiss and granite reveal similar
geochemical trends, all the samples exhibit negative Eu anomaly
implying plagioclase fractionation. La/Sm versus Sm plot indicate
the significance of partial melting in the genesis of the magma
that formed the rocks. Tectonic discrimination using Nb versus Y
and Rb versus Y+Nb shows the granite rocks were emplaced into
within plate (WPG) environment. Similar geochemical trends in
the migmatite-gneiss-granite association indicates the rocks are
tectonically related and are all produced by partial melting as
indicated on La/Sm versus La binary plot (Figure 21) [84-103].

e * o
L ]
14 -
.
L ]
|
.
0 50 100 150 200 250 300

La

Figure 21: La/Sm Versus La plot for Gneiss and Granite Rocks
in the Study Area (Symbols as in Figure 6).
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