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Introduction

Nigeria Charnockite

Charnockite has been an interesting rock in the 
basement terrain of Nigeria for three reasons; the 
controversy that trails its origin and classification, its 
common association with granitoids and its petrologic 
significance which stems from unique colour and 
application in polished blocks. The controversial origin 
makes petrogenetic synopsis of the rock a major task. 
Several previous researchers believed it is magmatic 
while others claimed an origin related to metamorphism 
from granulite facies domain. These different ideas have 
c on s i de r ed  f i e l d  g eo logy,  g eochemi s t r y,  
geochronology, or a combination of some of these to 
decipher the true origin. The lithologic link between 
charnockite and granites has been reported from 
different parts of the Nigeria basement and different 
authors have interpreted these associations differently. 
Some occur as discrete bodies isolated from granite 
units, some are located adjacent to granite plutons while 
in few cases, some are located within the core of granite 
bodies. 

In Nigeria, research works on charnockite are not 
common like its granite counterpart probably due to its 
not being widespread like granitoids which form a 
major component of the basement complex. However, 
among recent works are Ademeso (2009) who 
investigated deformation traits in a charnockitic unit 
around Akure southwestern Nigeria. Ekwueme and 
Kroner (2006) reported that charnockite are formed on a 

regional scale and linked charnockite in Obudu area 
with adjacent tectono-metamorphic and widespread 
event in Cameroon which was marked by charnockite-
granulite formation and migmatization (Toteu et al., 
1994, 2001). This corroborates Cooray (1977) earlier 
suggestion that charnockites in Nigerian Basement 
exhibit several characteristics which signifies 
metamorphic origin and should be referred to as of a 
hypersthene gneiss. Ekwueme and Kroner (2006) 
further stated that the idea of Hubbard (1975) 
suggesting widespread granulite-facies metamorphism 
being responsible for occurrence of charnockite in 
Nigeria was disputed by authors like (Orajaka, 1971; 
Rahaman and Ocan, 1978; Tubosun et al., 1984) who 
upheld magmatic origin. However, Kilpatrick and Ellis 
(1992) indicated possibility of charnockite originating 
from both magmatism and metamorphism. Oyawoye 
(1962, 1964) believed Nigeria charnockite is 
metamorphic and presented a metamorphic model. 
Olarewaju, (1987, 1988) reported that charnockite was 
formed through magmatism and suggested fractional 
crystallization model. Ademeso, (2009) reported that 
Rahaman et al. (1988) presented a tectonic evolution 
model while Dada et al. (1989) offered a model 
supporting igneous origin. However, the researcher 
wants to believe that even if both metamorphism and 
magmatism could trigger charnockite formation, at least 
only one stands sure for any unit among several others in 
a particular area of the basement; except a single pluton 
can be formed simultaneously by the two methods. This 
study investigates zircon U-Pb age and Lu-Hf isotopes' 
geology of Idanre charnockitic rock located within the 
basement complex terrain of Southwestern Nigeria with 
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a view to shed more light on its petrogenetic 
significance.

Location of Study

Idanre and environs (study area) lie between latitudes 
7°00' N to 7°14' N and longitudes 5°00' E to 5°14' E (Fig. 
1). The study area covers southwestern corner of the 
topographic map sheet of Akure stretching across an 
area of approximately 676 km² (the Ondo State Capital). 
Idanre lies to the SSW of Akure, it is situated on the 
eastern side of Ondo town and southeast of Owena. 
Idanre area is accessible and has major road linked with 
Alade and Akure in the north and Owena in the 
northwest. The area is unique for having the highest 
concentration of Granite in Nigeria which is responsible 
for its tourism potentials. However, despite its 
popularity as tourists' destination, yet it is geologically 
one of the least known regions in southwestern 
Nigerian. It contains one of the largest mountain ranges 
making up the highlands of Yorubaland plateau which 

attains a height of 900 m in Idanre town. The amazing 
topographic view of the terrane occasioned by 
magnificent Idanre granite complex has not attracted 
vigorous geological investigations for two main 
reasons. First, the steep slopes and rugged topography 
have constituted a barrier to geological studies; 
secondly, due to crude oil, granite domains are regarded 
as economically unviable in Nigeria. Roughly, the area 
occupies central part of the Basement complex of 
southwestern Nigeria. 

Topography

The topographic map shows that conical hills form the 
main relief feature of Idanre area. The general terrain 
has an elevation ranging between 180 - 620 m above the 
mean sea level. This spectacular characteristic feature 
indicates that Idanre town is situated on flat terrain 
surrounded by steep and sparsely vegetated lofty hills. 
The hills, being the charming scenic beauty of the town 
has also attracted the attention of geologists and tourists 

Fig. 1: Location of study
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in the recent time. Geomorphologically, the study area 
has an undulating topography occasioned by massive 
granite bodies which surround the town of Idanre. The 
Idanre Hills spreads out into a vast expanse of land 
extending beyond the built-up areas of the town. The 
northern, western, and eastern parts of the study area 
form relatively flat terrain (Fig. 1). This topographic 
variation reflects some lithologic control as low-lying 
and highly denuded rocks of gneissic composition 
occupy the lowlands and plains while the granitoid form 
prominent hills. The elevation of this terrain impressed a 
unique weather condition on the study area as it receives 
orographic rainfall more than the surrounding 
neighbourhoods. 

Climate and Weather Condition

The Idanre area experiences a tropical climate that is 
warm throughout the year. However, the wet season is 
humid and cloudy; the dry season is warm, muggy, and 
partly dry. The study area experience high temperature 
range between June and October. However, the most 
pleasant weather conditions are recorded between June 
and September. The overall temperature typically 
fluctuates between 65°F to 87°F (18.33°C ~ 30.56°C), it 
rarely extends outside the range (58°F ~ 91°F). The wet 
season lasts about 7 months, from early April till end of 
October, with about 45% possibility of a given day 

being a wet day. The probability of a wet day peaks 
about 80% in September. Unlike temperature, which 
typically exhibits nocturnal and diurnal variations, the 
dew point tends to change gradually. Consequently, 
while temperature may drop at night, a muggy day is 
typically followed by a muggy night. The average daily 
solar energy per square meter does not vary 
significantly over the course of the year, throughout the 
year it remains within 0.5 kilowatt-hours of 4.7 
kilowatt-hours. Based on direct measurements and 
observations, the changing climatic condition reflects 
interplay of cloud cover, temperature and humidity and 
wind. The precipitation is orographic and is distinct; its 
distribution differs significantly from the neighbouring 
Akure and Owena towns.

Geological Setting

Regional Geology

Nigeria basement forms part of a regional domain 
known as Pan-African orogenic belt (Adetunji et al., 
2016). It is located on eastern side of the Man shield 
segment of West African craton and directly south of the 
Tuareg shield (Fig. 2). The latter, according to Gasquet 
et al. (2008) represents preserved remnant of Pan 
African terrain that collided with West African craton.

Fig. 2: Regional Map of Nigeria basement in relation to Man shield, Tuareg Shield, and the Pan African belt. (after Fabre, (2005) and 
Liégeois, et al., 2005). (WAC: West African Craton)
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gneiss complex is most widespread (Rahaman 1988), 
structurally complex (Hockey et al., 1986; Oluyide 
1988) and heterogenous (Elueze 1982; Rahaman et al., 
1988). The unit is Archaean-Paleoproterozoic in age 
(Grant 1970; Rahaman et al., 1984; Ekwueme 1990; 
Dada et al., 1993; Ekwueme and Kroner 1992). The 
Schist belt comprises dominantly of supracrustal units 
of schistose assemblages that are preserved in low-
grade metamorphism (Ajibade 1976; Turner 1983). The 
schist belts are infolded into the older gneissic units and 
have age range between Paleoproterozoic to 
Mesoproterozoic (Fitches et al., 1985; Annor 1998).

Nigeria is underlain by crystalline rocks of Precambrian 
(Paleozoic-Proterozoic) age. The rocks are the 
migmatite-gneiss complex, the Schist Belts and the 
Older granite, Mesozoic granitoids, rhyolite and 
sedimentary sequences and Cenozoic volcanic rocks 
(basalts and trachyte). Others are the sediments (sands, 
shale, sandstones, and lignite) and alluvial sands 
intercalated with clays and pebbles (Fig. 3). Hockey et 
al. (1986) noted that the intensity of metasomatism and 
structural reconstruction of the basement during Pan-
African tectono-thermal activities is of a magnitude that 
obliterated older orogenic signatures. The migmatite-

Fig. 3: Geological map of Nigeria and the location of the study area

Geology of Idanre Area

Idanre area is underlain by migmatite, granite and 
charnockite (Fig. 4). Migmatite the main country rock 
of low-lying units with widespread deformation. 
Granite occurs as prominent steep sided plutons 
throughout the terrain while charnockite occur as small 
rounded units within the centre of porphyritic granite. 

The granitoids, often referred to as Older granite 
comprise of granites, granodiorites, adamellite, 
charnockite, aplite and pegmatite (Rahaman 1988). The 
granitoids are deep sited orogenic plutons that are now 
exposed on Earth's surface. They are exclusively Pan-
African (Neoproterozoic) in age (Matheis and Caen-
Vachette 1983; Tubosun et al., 1984; Key et al., 2012; 
Adetunji et al., 2016). 
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These granitoids exist in three textural forms (fine-
grained, coarse-grained undifferentiated type and the 
porphyritic). The charnockite unit under investigation 
for age determination occur at the centre of the 
porphyritic granite unit. Idanre area is topographically 
unique for having breath-taking landscape occasioned 
by these towering granite masses.

Charnockite in Idanre occur as masses with low to 

average heights and are characterized by unique 
greenish-grey colour and exfoliation (spheroidal) style 
of weathering. Texturally, it is a medium-grained rock 
containing interlocked aggregates of plagioclase, 
quartz, biotite, pyroxene, orthoclase, and magnetite 
which is evidently visible in hand specimen. The first 
three minerals account for over 85% of the bulk 
mineralogy, others constitute less than 16% of the rock.

Fig. 4: Geologic map of study area
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Tectonic Implication

The entire reactivated terrain of Nigeria which is 
commonly called Nigeria shield extends into the 
Brazilian Orogeny of South America prior to Gondwana 
continental break up originated during Neoproterozoic 
(750-450 Ma). Southwestern Nigeria basement form 
one of two large areas where the Precambrian 
crystalline rocks are exposed. The tectonic evolution of 
the basement was conceptualized in the works of 
Rahaman (1988). However, several earlier workers (e.g. 
Burke and Dewey 1972; Caby et al., 1981; Leblanc 
1976; Burke et al., 1977; Black et al., 1979) have 
recognized the cryptic suture separating West African 
craton from Pan-African domain which has specific 
geodynamic implications. Burke and Dewey (1972) 
suggested closure of an Atlantic-type ocean by 
continent-continent collision while Black et al. (1979) 
relates this closure to active eastern continental margin 
and passive western continental margin along this 
suture line. The belt was formed by several massive 
continental blocks which shifted westward in drifting 
overlapping tectonic cycles to intersect the eastern 
margin of West Africa craton during oblique collision 
(Ferré et al., 2002). This movement was accomplished 
above a Benioff zone that dips eastward slipping under 
the Pan-African province (Bessoles and Trompette 
1980). The Pan-African belt comprise of two (northern 
and southern) parts, the northern part consists of area 
around the Pharusian belt (Tuareg shield) towards east, 
west, and north (Liégeois et al., 2003) while the 
southern section extends from Pharusian belt downward 
into northern fringe of Congo craton (Adetunji et al., 
2016). The Nigeria segment consists of two (eastern and 
western) parts separated by a structural divide 
recognized through remote sensing. This structural 
discontinuity which occurs on a regional scale has not 
been studied in detail. The western terrain has an origin 
linked with continental rifting processes which post 
dated a crustal extension followed by development of 
graben structures upon which rocks of the schist belts 
were laid down (Ajibade 1980; Elueze 1992). The 
overall transformation of this terrain resulted from 
effects of this oblique collision, the Nigeria-Tuareg 
shield areas towards West African craton developed 
high-temperature warping which climaxed in anticlinal 
structures and wrench-faults (Kröner and Stern 2005). 
Rahaman et al. (1988) therefore suggested a model 
involving opening and closing of an ocean basin behind 
the island/volcanic arc (Pharusian belt). "The presence 
of basalts of possible oceanic origin, island arc and 
marginal  trough volcano-elastic assemblages,  
widespread calc-alkaline plutonism and paired 

metamorphic belts, including high-pressure eclogitic 
schists, strongly suggest that active subduction 
processes were at work" (Caby et al., 1979).

Granite belts which produced granitoids of mainly calc-
alkaline affinity that the charnockite is associated 
represent plutonic equivalents of the volcanic rocks 
removed by erosion resulting from subduction of 
oceanic crust beneath the western continental mass 
about 600 Ma. This triggered crustal thickening and 
resulted in deformation of the sedimentary sequences, 
reactivation of the litho-facies and the emplacement of 
the Pan-African granites (McCurry 1976).

Materials and Methods 

The methods adopted during the research include 
fieldwork and sampling as well as laboratory works. 
During field exercise, outcrop exposures were 
examined, textural and structural features were 
documented and described while laboratory works 
entailed thin section petrography, zircon extraction 
p r o c e s s ,  z i r c o n  s e l e c t i o n  p r o c e d u r e ,  
cathodoluminescence and Laser Ablation. Zircon 
geochemistry, U-Pb geochronology and Lu-Hf isotopic 
investigation.

Fieldwork and Sampling

Systematic geological mapping was conducted on the 
study area using conventional mapping tools like GPS, 
sledge hammer, compass clinometer and other 
accessories. Methodological approach involves 
standard geological sampling technique which ensured 
that weathered samples were avoided. Twenty 
charnockite samples were collected form outcrop 
exposures randomly. Samples were labelled and 
processed for both geochronological and Lu-Hf data 
analysis. Samples weighing approximately 4 kg were 
used for zircon U-Pb dating, and another for Lu-Hf 
isotopic studies. The samples were reduced by crushing 
in a jaw crusher and later pulverized in a Tema mill and 
were subsequently subjected to sieving. 

Laboratory Procedures

Zircon grains in the pulverized rock was separated 
through conventional method picking them under a 
binocular microscope. Due to morphological variations, 
only 25 zircon grains among many with variable sizes 
and shapes were analysed. Only good and viable spots 
believed to carry reliable information about BSE images 
were selected as ablation spots for Lacer Ablation 
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procedures. Before dating, transmitted, and reflected 
light images and Back scatter electron image (BSE) of 
the zircon grains were captured using petrological 
microscope attached to cathodoluminescence (CL) 
facility and a JEOL JSM- 6510 scanning electron 
microscope (SEM) linked to GATAN mini-CL detector. 
All geochronologic evaluations including CL and BSE 
imaging was undertaken at SEM facility of Geosciences 
Department, National Taiwan University, Taipei. 

Results

The results in this study are presented in Tables and 
figures. Table 1 represents petrographic analysis; Table 
2 is the result of U-Pb geochronology while Table 3 
shows the Lu-Hf isotopic composition. 

Petrography

Idanre charnockite contain quartz, biotite, plagioclase 
and hornblende (Table 1). Biotite as bladed mineral 
aggregate with red to brownish colour (Fig. 5a), 
plagioclase occurs as albite crystals with large parallel 
fractures aligned obliquely to the twin plane (Fig. 5b). 
The prominent Carlsbad twins are supported by biotite 
exhibiting colour that ranges between red, yellow, and 
green (Fig. 5c). Biotite laths exhibit characteristic bird 
view structure. Hornblende is irregularly shaped stubby 
dark green mineral with two prominent cleavages. 
Smaller grains of quartz are dispersed around the 
interstices of biotite and albite crystals. Few quartz 
grains are euhedral, but some are subhedral with no 
visible alteration, some are transparently clear. Some 
slides contain pyroxene with characteristic mesh texture 
and colour that range between yellow and pink (5d).

Zircon Morphology and Chemistry 

Zircon grains from charnockite vary in size between 100 
and 250 μm and exhibit weak oscillatory zoning. In 
some, zoning is poorly defined, in few cases however, 
the oscillatory zoning is almost indiscernible (Fig. 6). 
The non-apparent metamorphic rims may indicate that 
crystallization probably occurred rapidly during a 
single magmatic episode. During analysis, 24 
evaluations were made giving Uranium contents that 
range between 92.858 to 1506.932 ppm while Th 
concentrations vary between 61.902 to 476.611 ppm. 
The ratio Th/U for the zircons has values which range 
between 0.316 and 0.835.

U-Pb Geochronology

206 207The Pb/ Pb ages range between 569 and 613 Ma, the 
spot ages concentrated around 585−595 Ma (Table 2). 
The ages yielded a mean value 590.3 ± 5.3 Ma (MSWD 
= 0.82), which symbolized emplacement age of Idanre 
charnockite. Concordia diagram for the rock (Fig. 7), 
the mean and age range (Fig. 8) and normalized 
probability histogram (Fig. 9) for the U-Pb age is 
shown.

Lu-Hf Isotopic Composition

176 177Fifteen (15) grains of zircon yielded Lu/ Hf isotopic 
composition with values which range between 

176 1770.000416 to 0.000935 (Table 3). Initial Hf/ Hf ratios 
range from 0.281957 to 0.281984. Hf isotope initial 
176 177Hf/ Hf range between 0.281951 to 0.281996. εHf(t) 
falls between -14.6 to -16.8. The two-stage model age 
tDM2 range from 2395 to 2504 but are mainly 
concentrated between 2400-2500.

Table 1: Mineralogical features of Idanre charnockite
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Fig. 5: Photomicrograph of Idanre charnockite in transmitted light showing the component minerals (a, c) cross polarised light (b, d) plane 
polarised light; P (plagioclase), H (hornblende), B (biotite), Q (quartz), Py (pyroxene).

Table. 2: Zircon isotopic composition and age of charnockite from Idanre area
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Discussion

In an earlier study, Olarewaju (1988) reported at Ikere 
Ekiti, (50km NE of Idanre), based on field relationship, 
occurrence of an outcrop containing intermix of 
charnockite and porphyritic granite and suggested such 
relationship revealed that the two rocks occurred 
contemporaneously. A visit to this locality shows 
unequivocal and compelling evidence that charnockite 
and granite in southwestern Nigeria apart from been 
closely associated are both igneous in origin. 
Geological principles suggest that if this granitoid is 
igneous like every others in the basement and the 

176 177Table. 3. Zircon age, Lu-Hf, Hf/ Hf isotopic composition, εHf(t) and tDM2 age of the charnockite

Fig. 6: Cathodoluminescence images and age of dated spots in zircon from Idanre Charnockite

associated charnockite is metamorphic, then their ages 
should be different; either the charnockite is older, 
otherwise, the granite must have been metamorphosed 
to granite gneiss. However, this was not the case for this 
charnockite-granite outcrop. The absence of diagnostic 
index metamorphic mineral assemblages like garnet, 
chlorite, epidote, staurolite or sillimanite in Idanre 
charnockite but minerals that are common in igneous 
rocks may point to igneous origin.

Zircon Morphology

In earlier works, Alexandrov et al. (2000) and Wang et 
al. (2002, 2007) reported that morphology of zircon 
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grains holds great promises when deciphering zircon 
source. Zircon grain with pronounced and well-formed 
oscillatory zoning has been traced to igneous origin 
while  those with indiscernible zonation are  
metamorphic in origin. According to Belousova et al. 
(2002), geochemical features of zircon could equally 
decipher whether it is from a magmatic or metamorphic 
source. The ability of zircon to resist alteration during 
weathering makes it reliable for detrital and tectonic 
studies (Chapman et al., 2016). According to Roberts et 
al. (2015) the resistance of zircon to wear and its ability 
to host numerous isotopic information that borders on 
petrogenesis makes it reliable source of information 
concerning evolution of crust and mantle-crust 
petrology. Igneous zircon can precisely fingerprint 
sources of magma or document evolution of the 
continental crust locally or regionally. For this reason, 
zircon is the most frequently analysed accessory 
mineral and is regularly used in U–Pb dating and 
tracking thermal history (Reiners 2005; Chapman et al., 
2016), radiogenic isotope studies (Valley et al., 1994; 
Kinny and Maas 2003), temperature of crystallization 
(Watson and Harrison 2005), and trace element 

evaluations (Belousova et al., 2002).
Zircon Geochemistry and Age

Th/U ratio of zircon which have been commonly used to 
assess their origins largely fall above the threshold value 
that distinguishes magmatic zircons (> 0.3) from 
metamorphic types which are usually < 0.1. The ratios 
(0.316-0.835) indicate that Idanre charnockite has 
igneous origin. The age of formation of Idanre 
charnockite at 590.3 ± 5.3 Ma as revealed in this study 
agrees with ages earlier determined from several areas 
of Nigeria. The age agrees with mineral age of 
hornblende from Bauchi charnockite with K/Ar age of 
535±35 Ma (Snelling 1966); U-Pb on zircons age of 
634±30 Ma from charnockite in Ipinsa (Tubosun 1981) 
among others. Tubosun (1981) also reported that the 
massive charnockite from Ikere-Ekiti has an age of 620 
± 20 Ma. It is also comparable to those beyond the 
border of Nigeria. For instance, Cameroon (Toteu et al., 
1994, 2001), Akuse Massif, SE Ghana (Attoh 1998), 
Kabye Massif of northern Togo (Affaton et al., 2000) 
which was interpreted as the climax of regional 
granulite-facies metamorphism that accompanied 
continental collision between West African and Benin-
Nigerian plates during the Pan-African episode. These 
ages correlated well with the Oban Massif charnockite, 
and 574.1±1.0 Ma age of charnockite in the Obudu area 
(Ekwueme and Kroner 2006). All these charnockite 
have ages that fall within Pan-African age. Even apart 
from charnockite units in other parts of Nigeria 
basement, the age of Idanre charnockite is consistent 
with U-Pb evaporation zircon age (589±11 Ma) (Dada et 
al., 1989) for amphibole-biotite granite in Toro, and 
(598±11 Ma) (Ferre et al., 1998) biotite-hornblende 
granite of Solli Hills in south eastern Nigeria. Different 
dating methods including Rb-Sr, K-Ar, U-Pb; and 
mineral dating using U-Pb evaporation techniques on 

 

Fig. 7: Concordia diagram of zircon U-Pb age of charnockite from 
Idanre area

Fig. 8: Mean and age range of 24 Laser Ablation points for zircon 
in the charnockite

Fig. 9: Normalized probability plot and histogram for zircon U-Pb 
age of Idanre charnockite
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zircon and Ar-Ar have been adopted in previous studies 
to show the exact period of magma plutonism in 
Nigeria. All indicated that granite plutonism and 
formation of charnockite in Nigeria generally fall within 
time frame of Pan-African orogeny. 

Lu-Hf Isotopic Composition

Geodynamic evolution of the earth's continental crust 
has been linked to interplay of multiple geological 
processes. These activities can be picked by U-Pb-Lu-
Hf isotopic study of zircon which can act as a paleo-
geophysical tool relating crust-mantle interaction 
through time (Hartnady et al., 2018). Lu-Hf isotopic 

176 177composition in this study reveals Lu/ Hf value of 
-4 176 1774.16 ~ 9.53 x 10 , initial Hf/ Hf values of 

-12.81951~2.81996 x 10  and εHf(t) values of -14.8 ~ -
16.6 suggesting derivation of the charnockite magma 
from melting of crustal components. The two-stage 
model age tDM2 of 2395 to 2504 which clustered 
around 2400-2500 suggests the magmatic fluid contain 
components separated from the primitive mantle during 
Neoarchean.

Conclusion

Field study revealed that charnockite in Idanre intruded 
into a migmatite basement. The Charnockite is of 
medium grained size with rounded masses of average 
elevation. Major minerals in the charnockites are quartz, 
orthoclase, plagioclase, biotite and hornblende. 

Zircon morphology and chemical composition revealed 
magmatic origin while the U-Pb age 590.3 ± 5.3 Ma 
(MSWD = 0.82) signified emplacement age of the 
Idanre charnockite coinciding with the Pan-African 

orogeny. Lu-Hf isotopic composition and εHf(t) 
indicated that the charnockite was derived from anatexis 
of an ancient crustal protolith that was contaminated by 
mantle material. The two-stage model age suggested 
that the magma liquid was detached from the primitive 
mantle during Archean.
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