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Abstract 

Nigerian Geology is made up of three litho-petrologic units; Basement complex, sedimentary Basins 
and the Younger Granite complexes. The igneous and metamorphic rocks of the Basement were 
formed by low level magmation and metamorphism respectively. Volcanic rocks were eruptive in 
nature. Sedimentary basins were formed by transgressive and regressive episodes of sedimentation. 
Younger Granites – the point of interest is a high level magmatic igneous rock. The origin, evolution 
and emplacement need a critical look. Many geologists talked on the origin, evolution and 
emplacement to include crust, mantle and the dual source (mantle-crust). Ike, 1983 postulated a model 
that is crustal-based magmatic chamber, with the formation of a central volcano before the cone 
sheets. Wright, 1985 proposed a model that the Cone sheets were formed before the central volcano, 
also tilted towards the crustal base. Comparing the two models and other works reviewed from other 
researchers, the two models presented the evolution and emplacement of younger granites. The review 
work brings out clearly the mantle as the origin of Younger Granites while crust as a later component. 
This work identifies mantle-crust model, inclined to Wright, 1985 model, a modification. Considering 
the rifting of Southern America from Africa and ancient incipient rifts by the Precambrian – Paleozoic 
polycyclic thermotectonic events must have relaxed the petrologic lattices. Incipient rift, Hotspot 
through mantle plume and heat focusing will lead to the formation of ring fractures causing the 
migration of magma to dome the crust, ending up with volcanic-volcanic-plutonic phases.   

 

Introduction 

Geo-environmental models are compilations of geochemical, geological and hydrological information that work out, 

describe, prevailing and post concept, signatures, especially, environmental signatures. (Okegye 2013).  

Environmental behavior of minerals varies. “Ore deposit is where you find it, not purely by chance, but the result of the 

definite processes which operated under certain conditions within the crust of the earth”. (Orazuike 2001). It is a known 

fact all metals which constitute the world’s present ore deposits can be traced ultimately to the magma, trace elements been 

part. 

The evolution of magma is via the process of partial melting of the mantle, the crust or pre-existing rocks material, and 

these lead us to the consequence of plate tectonics, a concept that explains crustal processes of evolution and deformation. 

Jurassic younger granites are discordant high level intrusions which transgress units of Basement. (Falconer, 1911). Sn and 

Nb metal deposits constitute substantial revenue for this country. 

Obaje, 2009, explained that younger granites have been studied in detail, for their intrinsic interest, providing comparative 

details for study similar formations elsewhere in the world. That in the 1990s they were recognized as the source of rich 

alluvial cassitente deposits that had long been known to exist on and around Jos plateau. Columbile is one of two minerals 

mined in Younger Granite.  

Trace elements that are present in a rock in such low concentration in ppm play a vital role in determining the origin and 

evolution of magma.  
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A review of Ike, 1983 and Wright, 1985 models to unveils a clearer concept of Younger Granite origin, evolution and 

emplacement. 

 

Nigerian Geology 

 

There are three major litho-petrologic components that made Nigerian geology (Fig 1) they are; Basement complex, 

Sedimentary Basins and Gounger granite. Nigerian Basement is made up of the oldest rocks ranging in age from 

Precambrian (2500-3000ma) to Cambrian (500-600ma), it is underlain by gneisses and migmatites of crystalline complex 

and schist of metasedimentary or supracrustal belts. This is intruded by granites Ogezi, (1988). Basement complex of 

Nigeria has been subjected to multiple episodes of thermotectonic events during which sedimentary rocks were 

metamorphosed and reactivated by subsequent episodes, Ajibade et al, (1988), Wright, et al (1985). The thermotectonics 

took place during: 

i. The Libenian (2800 + 200ma) 

ii. The Eburnean (2200 + 150ma) 

iii. The Kibaran (1100 + 150ma) 

iv. The Pan African – 600 + 150ma) 

The other two rocks either intruded (Younger Granites) or are deposited (sedimentary) on it. This constitutes about 50% of 

the total rocks in Nigeria.  
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2. Another arm of rock types are sedimentary rocks that constitute about 45% of the total rocks in Nigeria (Obaje, 2009). It 

has subordinate intrusions of igneous rocks. Relatively depleted in silica called basic rocks, (Ogezi, 1985). Nigeria has 8 

rich sedimentary basins (fig 1). These basins are: Niger Delta, Anambra Basin, mid-Niger (Bida or Nupe) Basin Sokoto 

Basin Chad Basin, Lower Benue Trough, Middle Benue Trough and Upper Benue Trough.  

3. The third rock type is the Jurassic Younger Granites. It intruded the Basement complex constitute the age of 195-135 

years in Nigeria. This is the terrain of interest. It is richly mineralized. It is about 5% of the total rocks of Nigeria. They are 

alkaline, anorogenic, epeirogenic and discordant in character with the surrounding rocks.  

The Younger Granites 

Younger Granites of Nigeria are commonly known as the Younger Granites of Jos Plateau because of cassiterile 

deposit/mining. It is made up of district series of alkali feldspars. Rocks associated with this group are rhyolite, minor 

gabbro and syenites (Wright et al, 1985). They are located in a north-south rectangular pattern stretching over 400km long 

and 160km wide covering an area of 8600km
2
. They are richly mineralized, Turner (1989).  

Nigerian younger granites is made up of about 53 high level non-orogenic volcanic-granite ring complexes. The ages of the 

younger granite complexes have been determined (Jacob et al, 1963. Turner, 1972, Bowden et al, 1973). Using Rb-Sr 

found that the complexes decrease in age from north Matsena 285ma, Dutse 221 + 7ma to Afu complex 141 + 2ma (fig 2).  

 

We have similar rocks in Southern Niger up to the age of Ordovician in North in Air-Niger. Occurrences of similar rocks 

have been studied in Cameroon. Age determination shows that progressive change from Ordovician, Devonian, 
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Carboniferous, Triassie Jurassic to Tertiary. Occurrences also occur in Cameroon, Sudan, Egypt, Mali, Algeria and North 

East Africa. Cameroon shows the trend of age decrease as well as NE SW trend of the Benue trough. Others do not show 

any evidence of plate movement nor the direction. Global occurrence also abound in Canada, Germany, Australia, China, 

Bolivia and Brazil with distinct origins. 

Origin, Evolution and Emplacement 

Kinnard, (1984) had it that younger granites are thus most abundant at the intersection of the major pegmatites belt and the 

projection of the North-South line of separation between the Southern halves of Africa and South America (fig 3&4) 

consequently, its Sn and Nb mineralization.  
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The ring complexes of Nigeria lie on a north-south belt which is 1200km long, it can be related to two major features of the 

African continent.  

i. It corresponds to the central part of the north-south trending, pan African orogenic belt and 

ii. It forms a northerly continuation of the continental margin of southern Africa. These may be inter-related. 

Rifting and separation of South America from Southern Africa was guided by structural trends in the basement. it seems 

probable that the younger granites lie in an extension of this ancient rift structure on a zone of incipient faulting along 

which crustal separation did not take place (Black, 1965) Wright, (1985) also said the N-S alignment of the Basement 

swells occupied by the palaeozoic – Mesozoic younger granites of Niger and Nigeria lies on the northward projection of 

the coastline south of Guinea. This was the line of continental separation between the Africa and South America plates (fig 

4). Even the NE trending Cameroon line is parallel with the trend of the Benue trough which develops as the continent 

separates. In Southern Niger and Northern Nigeria, the complexes lie a short distance east of the zone of Pan Africa 

metallogenetic belt. The Basement complex is divided into 2. Western and Eastern Provinces. 

i. Western Province is marked by the occurrences of a variety of metallogenetic types and greater development 

of the supracrustal N-S belts. 

ii. Eastern province is dominated by Pan African granitoid rocks and a paucity of metallic mineral occurrences 

(Woakes et al, 1987).  

Tectonically, aeromagnetic anomalies suggests that a series of buried NE-SW lineaments of incipient rift control the 

disposition of individual complexes (Ajakaiye, 1983) Wright et al, (1985) proposed that the somewhat irregular decrease in 

age of the younger granite from North to South in Nigeria shows that the Africa plate was moving northward over a mantle 

plume during the Jurassic, but sufficiently slowly for the magma of the different complexes to be generated in turn. It 

equally claims that about 100 million years ago, the plume lay beneath the triple junction now occupied by Niger Delta of 

Nigeria and this is a major function in opening the South Atlantic, Gulf of Guinea and Benue Trough as the failed arm.  

Two reasons were advanced against the above proposition. (i) That neither the rate nor the direction of plate movements 

deduced from the granites is consistent with the Paleozoic-mesozoic motion determined by paleomagnetism (Wright et al, 

1985).  

3 Schools of thoughts are involved in determining the origin of Younger Granites.  

i. The mantle Origin 

ii. The Crust  Origin 

iii. Mantle-crust Origin 

Analysis of magnetic anomaly pattern, transform fault and bathymetry in the south Atlantic has been used to suggest that 

about 80Ma ago, the African plate was rotated clockwise slightly, as a result, the linear plume in the atmosphere came to 

lie south east of the Benue Trough and form its new position. it subsequently generated the Cenozoic volcanism of the 

Cameroon line (Obaje, 2009).  

The Mantle Origin 

Jacob et al, (1938) postulated that peralkaline metaluminous and peraluminous Younger Granites had been derived from 

divergent differentiation from a more basic magma. Black, (1965) suggested tholeeictic Basalt as a possible source. 

Barley (1970), opined that fayalite bearing syenites and granites could have been formed between temperatures near the 

upper limit of Fayalite 920
0
c and approximately 700

0
c. Amphibolite Biotite granites may have been formed at temperature, 

Somewhat below 800
0
c, riebeckite formed at a fluctuated temperature of about 700

0
c. these suggested temperatures 

represented a lower limit of mantle origin.  

Ajakaiye, (1970) explained that the rocks of basaltic composition belong to various stages in the development of the 

Nigerian complexes and indicate that the basaltic magma was available continuously or intermittently throughout the entire 

history of the province. The amount that reached the crystal level of the present exposures were small and gravity studies 

showed clearly that large basic masses are not present beneath the ring complex. They were the first to extrude and have 

since been eroded. also that the Younger Granites retain their identity down to a depth of 10-12km and they were 

manifestly emplaced into cold, brittle crust argues against the possibility of a crystal source. 
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Borley (Kogbe, 1989) worked on temperatures of ferromagnesian mineralogy of Younger Granites. Like amphibolites, 

fayalite-granite and porphyries amphibole-biotite granites, biotite and albite riebeckite ardfedsonite granites 

experimentally. Minor instrusions of syenite and gabbro  inclusive and gabbro. Comparison of natural minerals with those 

experimentally systems suggest that the syenites and granites may have formed over a range of temperatures between 

900
0
c and 600

0
c. ckhe mineral trends are compactible with either a fractional crystallization or partial meeting origin for 

the granites.  

Crustal Origin 

On the bases of crustal source, many researchers equally placed scientific weighted evidences Para, (1958) supported a 

crusted source of origin saying that the magma was developed at deep crustal level during Pan African thermotectonic 

events and which was introduced into a higher crustal level during that event. 

Bowden and Turner, (1974) supported that non-peralkaline granites may have developed in the lower crust by contact 

anatexis during the limited phase of basaltic magma eruption. 

Bowden, 1970 supported lower crust origin.  

Dual origin – (mantle-crust origin) 

Wright et al (1985) argued that magma must have been generated by partial melting in the upper mantle and lower crust 

beneath the crustal domes into which the complexes are emplaced. 

Turner, (1976) stipulated that the presence of minor basalts or trachytes in the build -up of a large rhyolitic volcano 

indicated that more than one magma source was involved, supporting dual source. 

Abaa, (1985) equally support dual source. 

The Model 

A model is a simplified version of description of a system or process to aid understanding and predictions. We will 

compare the two models proposed by Ike, 1983 and Wright, 1985. 

Plate movements are intermittent period of motions alternating with stationary episode which may lasts for ten (10s) of 

millions of years. It has been proposed that during these stationary episodes, thermal plumes or hotspot in the upper mantle 

can focus sufficient heat on the overlying lithosphere and crest to cause doming and igneous activity. The plumes are 

supposed to have a fixed position in the mantle so they should leave a record of plate movements over them (Wright et al, 

1985). 

The two models; Ike, 1983 Younger Granite evolution model (fig 5) and Wright et al, 1985 Evolution Model (fig 6). 
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(Wright, 1985) 

Fig. 6 

The both models talked of volcanic source, Early and Late volcanism, possible dual source (Mantle-crust) though not 

displayed in their figures. 
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Modified Model; fig 7 

 

Fig. 7 showing origin of Younger Granites 

Diagram showing a cross section through the Earth’s lithosphere (in yellow) with magma rising from the mantle (in red).  

The model considers the origin from the previous polycychic thermotectonic events, particularly the Pan African oregeny 

that imprinted the North-South incipient rift. The model considers the younger granite rift then to be a major one. So much 

that even the Adrau’s Bau complex in Air-Niger, is Ordovician in age. The rifting of Southern American from Africa and 

the separation of same during the Jurassic and cretaceons respectively couldn’t have been the genesis of Ordovician 

Younger Granite, the incipient rifting of African and separation only aided the process.  

Asthenosphere is a mechanically weak layer of the mantle immediately beneath the lithosphere corresponding to the depth 

range within the earth where the melting temperature is mostly approached (Philip, 2001). It has low strength and little 

rigidity compare to lithosphere (Whitten and Brooks, 1971). Lithosphere is the upper shelf of the solid earth comprising the 

crust and upper mantle which deforms in a brittle fashion when subjected to a stress of approximately 100mpa.  

The modified model while ascribing to Wright et al, 1985 model, additive, are made to it like: The hot spot, ring mantle 

plume, ring fracture and mantle layer component of the Earth. (Fig 7). The model believes that younger Granite is a 

product of magma mixing. The presence of trace elements like Pb, Cu, Ta, Nb, Sn, Th, Ni affirms mantle origin formation 

of ring fractures, magma chamber, cone sheets as a result of heat and use of temperature guaranteed, partial melting of the 

crust, hence the mixing of the crust and mantle magma.  

 

 

Lithosphere 

Magma 
Physical processes inside the earth that led to the 

generation of magma. Partial melting begins here 
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Conclusion 

The rifting of Southern America from Africa and ancient incipient rifts by the Precambrian-Paleozoic polycyclic 

thermotectonic events must have relaxed the petrologic lattices. Incipient rifts, Hotspot through mantle plume and heat 

focusing led to the formation of ring fractures causing the migration of magma to dome the crust, ending up with volcanic-

volcanic-plutonic phases. 

The two models presented evolution and emplacement of younger granite. This model presents origin, evolution and 

emplacement of younger granite. Evidences from Geochemistry, minenology tectonics, all point to the mantle as the 

primary source and crust magma as a later component.  
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