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I. INTRODUCTION 

Several woks have been reported on the occurrence of 

pegmatites and granites within gneisses and schist-

amphibolite host rocks in the Keffi area of North Central 

Nigeria [1], [2]. 

Apart from the numerous systematically worked pegmatite 

bodies, however, other pegmatite veins occur whose 

mineralogical characteristics and economic potential have not 

been investigated. As a result, small scale artisanal miners 

who work the deposits for cassiterite and tantalum 

indiscriminately exploit both the mineralised and barren 

pegmatite veins. The possibility of the presence of other 

economic minerals and/or gemstones in the veins has also not 

been investigated.  

 The importance of field, petrographic, mineralogical, and 

geochemical studies in resolving problems in pegmatite 

geology have been demonstrated in several studies e.g. [3]-

[9]. It is therefore necessary to carry out petrological and 

mineralogical investigation on the pegmatites in order to 

assess their economic potential before mining. 

This present work will focus on the petrography and the 

ore mineralogy of the pegmatites of Keffi area. It is also hope 

that the study would provide a guide to fruitful exploration of 

the deposits and any other deposits in similar geologic terrain. 

A. Regional Geology and Tectonic Setting  

Keffi lies within the Nigerian Basement Complex which 

forms part of the Pan African mobile belt. The Nigerian 

Basement Complex lies between the West African and Congo 

Cratons (Fig. 1) and south of the Tuareg shield [10]. The 

general geology of the Nigerian Basement Complex has been 

described by many authors e.g., [11]-[14]. The rocks are 

mainly granitoids, gneisses, schists and amphibolites. The 

country rocks have been petrologically identified as 

orthogneisses and pelitic schists-amphibolites.  

The Nigerian Basement Complex of Nigeria is polycyclic 

in nature [13], [15] and [16] suggested that the Pan African 

mobile belt evolved by the collision between the passive 

continental margin of the West African craton and the active 

continental margin of the Tuareg shield about 600 Ma ago. 

Reference [14] concluded that the belt has experienced 

deformation, thermal reactivation, metamorphism and 

emplacement of large volumes of granitoids (magmatism) 

typical of a Himalayan-type during the Pan African Orogeny 

(600±150 Ma)”. 

Generally, the basement rocks of Nigeria are believed to be 

the results of at least four major orogenic cycles [17], [12] 

and [18]. These cycles of deformation, metamorphism and 

remobilisation are: 

The Liberian (Archaean) 2,700 Ma to 2750±25 Ma,  

i. The Eburnean Orogeny (Early Proterozoic) 2,000 Ma to 

2500 Ma,  
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ii. The Kibaran Orogeny (Mid Proterozoic) 1,100 Ma to 

2000 Ma, and  

iii. The Pan African Orogeny (Palaeozoic) 600±150 Ma. 

The first three cycles were characterised by intense 

deformation and isoclinal folding accompanied by regional 

metamorphism, which was further followed by extensive 

migmatisation, whilst the last cycle was characterised by 

deformation, metamorphism and granitisation. The closing 

stages of the orogeny were marked by cooling, uplift, 

fracturing, and by the intrusion of high level volcanic rocks 

[11], [12], [19]. 

 

 
Fig. 1. Location of Nigeria in the Pan African Province of West Africa [20].  

 

Major deformation involving folding and faulting together 

with fracturing and jointing are believed to have been 

reactivated or formed during the Pan African tectonic events 

of 600±150 Ma [14]. Reference [19] believes that the regional 

metamorphism is mostly from upper greenschist facies to 

lower amphibolite facies, however, [21] is of the view that 

metamorphism actually reached an upper amphibolite facies. 

Reference [22] suggested 3 phases of metamorphism (M1, M2 

and M3) associated with the three phases of deformation that 

is recognised within the crystalline basement rocks. M1 is 

believed to be asyntectonic progressive phase of 

metamorphism to amphibolite facies.M2 is a retrogressive 

metamorphism to greenschist facies whilst M3 is generally 

regarded as either being static or retrogressing earlier-formed 

garnet and biotite to chlorite”. 

The migmatites and schist of the earlier orogeneses were 

subjected to deformation during the later Pan African 

Orogeny and were intruded by the large masses of granitoids 

and associated undeformed felsic and mafic dykes of late 

Palaeozoic age. Thus, the belt, including the study area, lies 

in the reactivated region.  

 

II. GEOLOGY OF THE STUDY AREA 

The Keffi pegmatite area is bounded by 8º 40′ 00′′N and 8º 

50′ 10′′N and 7º50′ 00′′E and 8º 02′ 00′′E and cover about 

160.00 km2 (Fig. 1). Pegmatites of the Keffi area lie in what 

was first described by [1] as the “Pegmatite Belt of Central 

Nigeria”. The belt belongs to the Pan African Granitoids unit 

of the north-central Basement Complex (Fig. 2). The rocks in 

the area consist of orthogneisses (granodiorite and augen 

granodiorite gneisses) and pelitic schists-amphibolites and 

their included granites and pegmatites. The main structural 

features in the area are the penetrative tectonic foliations 

trending mainly in the N-S, E-W, NE-SW and NW-SE 

directions.  

 

 
Fig. 2. Geological Map of Nigeria showing the Locations of Pegmatites of 

Central Nigeria and the Study Area [23]. 

 

III. METHODOLOGY 

A. Sampling 

Sampling of the pegmatites were carried out along profiles 

that start from the footwall, across the width of the veins into 

the hanging wall at 1 metre intervals. At the contacts between 

the veins and the country rocks, however, the sampling 

interval was reduced to 0.5 m and 0.25 m in order to monitor 

any changes that might occur at the contacts. Also, in order 

to relate field and thin section observations and deduce the 

order of crystallisation and make out any changes that may 

have occurred at the contacts. All the samples were oriented. 

The convention adopted was to mark the strike direction at 

the top of the sample and the dip sign at the southern face of 

the sample so that the actual orientation of the sample can be 

recreated during thin section preparation. Two thin sections 

were prepared from each sample, one along strike and the 

other along the dip.  

Thin and polished sections were prepared in the Geological 

Engineering Department of University of Mines and 

Technology, Tarkwa Ghana. Modal compositions were 

determined using the point counter. The Scan Electron 

Microscopy (SEM) analysis and studies were conducted at 

the EPMA laboratory of Rhodes University, South Africa. 
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IV. BRIEF FIELD AND PETROGRAPHIC OBSERVATIONS 

A. The Pegmatites 

Summarily the field observations show that the pegmatite 

occur in association with other rock types like gneisses, 

granodiorites, granites and schistose-amphibolitic rocks. The 

contacts between the pegmatite and host rocks are observed 

to be sharp not gradational and lack any metamorphic or 

extensive metasomatic aureole [24]. 

Fresh samples of the pegmatites show interlocking, 

randomly oriented crystals of feldspars (microcline and 

plagioclase), quartz, micas (mostly muscovite), opaque 

minerals and other accessory minerals in varying proportion. 

Rod-like, prismatic crystals of varying colours of green, pink, 

red and black tourmaline (schorl) and grains of garnet of 

varying sizes occur in some outcrops. Based on the presence 

of cassiterite and columbite-tantailite (coltan) compositions 

of the pegmatites from hand-specimen and microscopic 

observations as presented in Table I, the pegmatites are 

classified into three groups as (i) Non Mineralised, (ii) 

Intermediate and (iii) Mineralised. 

The classification is as follows: 

i. Non mineralised Pegmatites: Angwan Mallam, Gidan 

Kadiri and Nike pegmatites; 

ii. Intermediate: Angwan Tudu pegmatite; 

iii. Mineralised: Angwan Doka and Saura pegmatites. 

A summary of the observations is presented in Table I. 
 
 

 

 
 

 

 

TABLE I: MINERAL COMPOSITION OF THE PEGMATITES 

Minerals 
Nike 

Pegmatite 

Angwan Tudu 

Pegmatite 

Angwan Doka 

Pegmatite 

Rock forming Minerals (Vol. %) 

Alkali feldspar 

Plagioclase 
Quartz 

Biotite 

Chlorite 
Muscovite 

Sericite 

Hornblende 

30± 5 

20 ± 5 
25 ± 5 

3 ± 2 

0-2 
16± 10 

0-3 

- 

20 ± 5 

15± 5 
25 ± 5 

- 

- 
15 ±5 

7 ± 3 

- 

22 ± 5 

30 ± 5 
15 ± 5 

2 ± 1 

3 ± 2 
15 ± 10 

15 ± 10 

0-2 

Accessory Minerals (vol. %) 

Apatite 

Beryl 

Lepidolite 
Clevelandite 

Tourmaline 

Garnet 
Rutile 

Sphene 

Zircon 

- 

- 

- 
- 

3 ± 2 

2 ± 1 
5 ± 1 

- 

- 

- 

- 

0-10 
? 

4 ± 2 

3 ± 2 
4 ± 1 

- 

- 

1.0 

0-2 

18 ± 8 
? 

3± 2 

0-2 
1-3 

- 

1-2 

 

V. ORE MINERALOGY 

The Backscattered Electron (BSE) images and the Semi-

quantitative analysis of the opaque minerals from the 

Wavelength Dispersive Spectrometry (WDS) from the three 

groups of pegmatites are presented in this section. 

A. Non Mineralised pegmatites  

1) Nike pegmatites 

The semi quantitative analysis shows that the ore mineral 

is ilmenite with MnO solid solution. The grain of ilmenite is 

surrounded by what is presumably younger quartz. Both the 

ilmenite grain and the enclosing quartz are fractured. 

 

 

 
A B 

Fig. 3 A) BSE Image of ore minerals in Nike pegmatite showing an inclusion of Ilmenite in quartz gangue. B) A Plot of WDS of ore minerals in Nike 
pegmatite with the semi-quantitative analysis shows that the mineral is predominantly ilmenite.  

 

2) Gidan Kadiri pegmatites 

The opaque minerals found in these rocks are ilmenite, 

pyrite, chalcopyrite, and rutile as shown in Fig. 4 to 6. No 

cassiterite or coltan was observed hence the polish section 

observations confirm the observation in hand-specimen and 

transmitted light that these pegmatites are devoid of Ta and 

Sn. 

The summary of the Classification and ore mineralisation 

potentials of the pegmatites is presented in Table II. 

It appears from Table II that cassiterite and coltan 

mineralisation is commonly associated with zoning, this may 

not necessarily be the case all the times, some veins e.g., the 

Angwan Mallam (AMP 5) pegmatite is zoned but not 

mineralised whereas Angwan Tudu pegmatite (ADP10C) is 

unzoned but mineralised. 
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A B 

Fig. 4. BSE Image and WDS plot of ore minerals in Gidan Kadiri pegmatite. A) shows a euhedral grain of pyrite in contact with an euhedral lath of feldspar. 

B) shows that the mineral composition is predominantly pyrite. 

 

 
A B 

Fig. 5. BSE Image and WDS plot of ore minerals in Gidan Kadiri pegmatite. A) shows grains of a high reflecting sulphide in a matrix of randomly oriented 
feldspar and quartz. B) WDS analysis shows that the mineral composition is predominantly chalcopyrite 

 

 
A B 

Fig. 6. BSE Image and WDS plot of ore minerals in Gidan Kadiri pegmatite. A) shows lenticular grains of medium reflecting oxides ilmenite (389) in a 

ground mass of randomly oriented laths of feldspar and anhedral quartz. B) the semi-quantitative display shows that the predominant ore is ilmenite. 
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B. Intermediate Pegmatites 

1) Angwan Tudu pegmatite 

 
A B 

Fig. 7. BSE Image and WDS plot of ore minerals in Angwan Tudu Pegmatite 1. A) shows large grains of ilmenite occurring as inclusion in crystals of 

feldspar and anhedral quartz. B) is the semi-quantitative display of the mineral which indicate ilmenite as the dominant ore mineral. 

 

 
A B 

Fig. 8. BSE Image and WDS plot of ore minerals in Angwan Tudu pegmatite 1. A) shows ore minerals as inclusions in silicates. It consists of cassiterite 

(33, 34), rutile (38), and tantalite (39). B) is the semi-quantitative display of the WDS analyses. 

C. Mineralised Pegmatites 

1) Angwan Doka pegmatite 

 

 
A B 

Fig. 9. BSE Image and WDS plot of ore minerals in Angwan Doka Pegmatite (Sample (ADP10C d). A) shows that the cassiterite (188) is located between 

grain boundaries whilst the apatite (189) is an inclusion within feldspar. B) the semi-quantitative display of the WDS analysis indicates cassiterite as the 

dominant ore mineral. 
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2) Saura pegmatite 

 
A B 

Fig. 10. BSE images and WDS plot of sample (SVP 9 c) from Saura Village pegmatite 9. A) shows columbite (233) and zircon (234) and (235) grains. B) 
shows their semi-quantitative analyses. 

 

 
A B 

Fig. 11. BSE images and WDS plot of sample. 

(SVP 9 c) from Saura Village pegmatite 9. A) contains ilmenite (328) columbite – wolframite (329). B) shows their semi-quantitative analyses. 

 
TABLE II: ECONOMIC CLASSIFICATION OF THE INVESTIGATED PEGMATITE 

Sample 

No. 
Name Ore minerals Economic /zoning Status 

GKP8 Gidan Kadiri 

Pyrite, 

chalcopyrite, 

ilmenite 

Non-mineralised/ 
(unzoned) 

AMP5 
Angwan 

Mallam 
Schorl and beryl 

Non-mineralised/ 

(zoned) 

ATP1 
Angwan 

Tudu 

Zircon, rutile 
minor cassiterite 

& tantalite 

Intermediate / (zoned) 

ATP4 AngwanTudu 

Zircon, rutile 
Minor 

cassiterite & 

tantalite 

Intermediate/ (zoned) 

SVP 9 Saura Village 

Cassiterite, 

lepidolite, 

apatite, 
tourmaline 

Mineralised/ (zoned) 

ADP10A 
Angwan 

Doka 

Cassiterite, 

lepidolite, 
apatite, 

tourmaline 

Mineralised/ (unzoned) 

ADP10B 
Angwan 

Doka 

Cassiterite, 
lepidolite, 

apatite, 

tourmaline 

Mineralised/(zoned) 

ADP10C 
Angwan 

Doka 

Cassiterite, 

lepidolite, 

apatite, 
tourmaline 

Mineralised/ (unzoned) 

NKP17 
Nike 

pegmatite 

Ilmenite, 

magnetite, 

Non-mineralised/ 

unzoned 

VI. DISCUSSION 

A. Ore Mineralisation 

The polished sections show the paragenetic sequence of 

ore formation. It shows that accessory minerals are older than 

the oxides which in turn are older than the sulphides. Sulphide 

mineralisation is the youngest of the opaque minerals. Quartz 

is of two generations, namely an early crystallisation 

paragenesis and a younger hydrothermal phase which appears 

to be the youngest in the paragenesis. Fig. 3 A shows 

secondary quartz forming around a grain of ilmenite which 

shows that the quartz is younger. Both the ilmenite grain and 

the enclosing quartz are fractured indicating that deformation 

continued after the hydrothermal mineralising phase. Figs. 3 

A, 4 A & 6 B show ilmenite, pyrite and chalcopyrite growing 

across earlier formed silicates which attest to their younger, 

probably metamorphic age. Fig. 9 A shows that cassiterite is 

late mineral that forms at the contact of earlier formed 

silicates and is normally at grain boundaries whereas rutile 

and tantalite are old and occur as inclusions in silicates (Fig. 

8). Fig 10 A shows zircon as an inclusion in silicate indicating 

that it is an early-formed mineral. Figs. 13(A & B) show that 

apatite is an early formed mineral which is included in later 

formed silicates but the cassiterite grain is again seen as a 
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much younger mineral which is located in fractures or at grain 

boundaries. The summary of paragenetic observations is 

presented in Table III. 
 

TABLE III: GENERALISED MINERAL PARAGENESIS OF THE PEGMATITES OF 

KEFFI AREA 

  

Mineral 

Early stage (primary)                                 Late stage(Secondary) 

Border zone 
Intermediate 

zone 
Coarsequartz 
/Centra zone 

Alkali feldspar 

Plagioclase 
feldspar 

Quartz 

Biotite 
Muscovite 

Chlorite 

Sericite 
Lepidolite 

Tourmaline 

Beryl 
Garnet 

Apatite 

Zircon 
Rutile 

Ilmenite 

Sulfides 
Cassiterite 

Columbo-tantalite 

.. 

  

 

VII. CONCLUSIONS 

From the above discussions the following conclusions may 

be made:  

(1) The rocks in the area consist of orthogneisses 

(granodiorite and augen granodiorite gneisses) and 

pelitic schists-amphibolites and their included granites 

and pegmatites. Petrographically the portion, which is 

characterised by profuse albitisation, sericitisation and 

silicification is also associated with the development 

of cleavelandite, lepidolite, coloured tourmaline and 

high concentrations of cassiterite and columbite-

tantalite (coltan). Hence these areas should be targeted 

during mineral exploitation. 

(2) The order of crystallisation in the pegmatites is from 

microcline to quartz followed by (plagioclases) 

oligoclase to albite and by micas (from biotite to 

muscovite) then by accessory minerals such as black 

tourmaline, garnet, beryl and lastly oxides of Sn-Nb-

Ta. Sphene and rutile zircon, apatite, ilmenite, and 

magnetite appear to be earliest minerals whilst garnet 

pyrite and chalcopyrite may be syn-metamorphic. 

Beryl and coloured tourmaline appear to be of 

hydrothermal phase. 
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