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Abstract

Rare metal mineralisation potential of pegmatites in different pegmatite fields of Nigeria are being studied to
understand the type and level of rare metal mineralisation and provide guidelines for small and large scale mining in
the pegmatite fields of Nigeria. The Olode pegmatites in the Ibadan- Osogbo field intrudes biotite gneiss and granite
gneiss; they are characterized by large crystals of quartz, muscovite and k-feldspar with subordinate plagioclase,
while schorl and beryl are accessory minerals. Samples of pegmatites were obtained during systematic geological
mapping and minerals extracts were extracted from the samples and analyzed using Inductively Coupled Plasma
Mass Spectrometry (ICPMS). Geochemical analysis results revealed high SiO2 values in feldspar extract compared to
muscovite extracts and higher Al2O3 value in muscovite extracts compared to feldspars extracts. The muscovite
extracts are enriched in rare metals compared to the feldspar extracts; Na/K ratio low (less than 1.0), this indicates
poor degree of albitization and this is responsible for poor mineralization of Sn. Average concentration (ppm) are 131,
24, 796 and 79 for Ba, Cs, Rb and Sr respectively in feldspar extracts and average values (ppm) are 120, 144, 42, 11
and 20 for Ga, Nb, Sn, Ta and W respectively in muscovite extracts. Plot of K/Rb against Rb showed that pegmatite
has characteristics of a unmineralised muscovite class pegmatite and Nb is mineralized in preference to Ta in the
muscovite extracts. Geochemical plots such as the Ta against Cs plot, Ta against Ga plot all show that Olode pegmatite
is a rare metal depleted pegmatite as the mineral extracts plots below the limes of mineralisation.
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Okunlola, 1998, 2004, 2017) and several studies have
been carried out on the rare metal mineralisation
potential and genesis of Nigerian pegmatites and
different pegmatite fields have been outlined (Matheis,
1979, 1987; Garba, 2002; Okunlola and King; 2003;
Okunlola, 2005; Adekeye and Akintola, 2008; Olisa et
al., 2018; Oyedokun, 2019; Olisa et al. 2021) and the
possibility of rare metal mineralisation as well as
gemstone prospects has led to the presence of local
miners in the pegmatite fields of Nigeria with hundreds
of opened pits scattered all over pegmatite fields in
Nigeria including the Ibadan-Osogbo pegmatite field
where Olode area is located. Low scale unmechanized
to semi mechanized mining is presently being carried
out in different parts of the Olode area due to the
presence of several pegmatite veins hence the need to
evaluate the rare metal mineralisation potential of the
feldspar and muscovite extracts from the pegmatites to
ascertain the rare metal mineralization potential of the
mineral extracts.

Introduction
Geologically, Nigeria is characterized by the
Precambrian basement complex rocks, the Jurassic
Younger Granites and the Cretaceous to Recent
sediments. The Precambrian basement rocks are
situated between the West African Craton and the Congo
Craton and it forms part of the Archean to Proterozoic
Pan African mobile belt (Black, 1980). The basement
complex terrane of Nigeria is also polycyclic in nature
due to the effects of different orogeny episodes which
has affected these rocks (Ajibade, 1988; Ekwueme and
Caen–Vachette, 1992).
Pegmatites are a common feature of the Precambrian
basement complex of Nigeria which is characterized by
crystalline rocks which are either igneous or
metamorphic in origin; Oyawoye, (1972) stated that
about 50% of exposed rocks in Nigeria are crystalline
rocks and that about 90% of them belong to the
basement complex. These crystalline rocks may
include: granite, gneiss, amphibolite, diorite,
charnockites, dolerite, schistose rocks and quartzite
with intrusions of pegmatitic veins common in some of
these rock units.

Methodology
Geological mapping was carried out on a scale of
1:25,000 to identify rock units in the Olode area and
their relationship as well as observe structural patterns
in the rocks. Representative samples were selected for
petrographic examination and pegmatite samples were
thereafter disaggregated using hand hammer and

Precambrian pegmatites of Nigeria are known to host a
variety of these rare metals namely; tantalum, niobium,
tin, tungsten, columbite as well as lithium (Garba, 2003;
33
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mineral extracts were carefully picked out and
pulverized. Five feldspar extracts and five muscovite
extracts were analyzed for their elemental composition
at Bureau Veritas Commodities limited, Vancouver
Canada using using Inductively Coupled Plasma Mass
Spectrometry (ICPMS). Results were interpreted using
appropriate geochemical plots.
Results
Local Geological Setting
The major rock types observed at Olode area are biotite
gneiss, granite gneiss and pegmatite (Figure 5). Granite
gneiss covers about 60% of the mapped area; they are
characterized by medium to coarse grains and are
leucocratic. They are low lying to massive and are
characterized by structural features such as fractures,
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foliations, joints, quartz vein, quartzo-feldspathic and
pegmatitic intrusions,, and minerals observed on hand
specimen include: quartz, biotite, feldspar and
muscovite. Under cross polar, the quartz displays a
sugary appearance, while under plane polar the quartz
crystals appear white, interlocking with each other and
having a smooth surface. Biotite was identified by its
opaque nature, having one directional cleave, planklike, and with mottle appearance - under plane polar, it
appears brown or dark brown and chlorite is a dark green
alteration product. Muscovites also appear plank-like
with one directional cleavage but with variable colour
ranging from yellow-purple-green-blue while feldspars
occur as striated alternating light and dark coloured
crystals and non-striated white crystals. They display
cross hatched twinning and multiple twinning in one
direction (Figure 1).

Fig. 1: Photomicrograph of a section of of granite gneiss in cross polar and plane polar showing, quartz, muscovite and biotite.

The banded biotite gneiss is medium to coarse grained,
it is melanocratic and it is characterised by alternating
bands of felsic and mafic minerals with larger bands of
mafic minerals which are dominated by biotite (Figure
2). Observed structural features includes, fractures,
foliation plane, ptygmatic folds, joints, quartzofeldspathic intrusions while observable minerals
include: biotite and quartz with feldspar occurring in
subordinate amount. Pegmatites occur as intrusions in
both granite gneiss and biotite gneiss as low lying NESW trending outcrops with variable length wih quartz,
feldspars and schorl abundant (Figure 3 and 4); other
minerals such as beryl, garnet and tourmaline were also
observed on the field.

Fig. 2: Photomicrograph of a section of biotite gneisses in cross nicol
and plane polar showing, quartz, biotite, chlorite.
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Results and Discussion

Fig. 3: Photomicrograph of a section of Olode pegmatite under cross
polar and plane polar showing biotite (B), muscovite (M) quartz (Q)
and perthitic growth.

Geochemical analytical results (Table 1) revealed major
oxides (%) ranged 65.54 - 67.11, 17.39 – 17.61, 0.3 –
0.37, 0.05 – 0.54,, 2.41 – 4.05, 8.81 – 12.91 for SiO2,
Al2O3, Fe2O3, CaO, Na2O, K2O, respectively in feldspar
extracts; and they ranged 46.99 – 47.09, 32.84-32.96,
2.25- 2.29, bdl – 0.01, 0.63 – 0.65, 10.51-12.54 for SiO2,
Al2O3, Fe2O3, CaO, Na2O, K2O respectively in muscovite
extracts. Average concentration of Al2O3 in both the
muscovite and feldspar is higher than 14% with the
muscovite extracts characterized by higher values,
having a peak value of 32.96%. CaO content of the
mineral extracts is low and higher value of K2O in the
feldspar extracts indicates a largely pottasic nature for
the feldspars.

Fig. 4: A geological map of Olode area

Trace elements concentration of Olode mineral extracts
revealed values (ppm) of 98 – 157, 1 – 30, 586- 987 and
73 – 84 for Ba, Cs, Rb and Sr with average concentration
(ppm) of 131, 24, 796 and 79 for Ba, Cs, Rb and Sr
respectively in feldspar extracts while higher

concentrations (ppm) of 117 -126, 143- 146, 41-45, 1012 and 19 -22 were observed for Ga, Nb, Sn, Ta and W
with mean values (ppm) of 120, 144, 42, 11 and 20 for
Ga, Nb, Sn, Ta and W respectively in muscovite extracts
(Table 1).
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Higher concentration of Ba, Rb, Cs and Sr in the
feldspar is based on the mineralogy of the feldspars and
the ability of some of these elements to substitute into
the crystal lattice of the feldspars. W concentration was
not observed in the feldspar extracts but an average
value of 20ppm was observed in the muscovite extracts
as well as higher concentration of Ga, Nb, Ta and Zr.
This higher concentration in the muscovite extracts is
due to the ability of muscovites to concentrate certain
elements as a result of wide range of substitutions at
various sites in its crystal structure (Belyankina and
Petrov, 1983; Bailey, 1984). ∑REEs varies from 0.7322.72ppm in feldspar extracts and 7.5-16.43ppm in
muscovite extracts and this implies the feldspar and
muscovite extracts are characterized by low REEs
mineralization potential (Table 1).
Elemental ratios revealed K/Rb varied 101-179 in
feldspar extracts and 128-144 in muscovite extracts.
K/Rb values in both mineral extracts are above 100
which is considered the benchmark for mineralisation
(Tischendorf, 1977); Rb/Ba values ranges from 4.059.08 and 5.93-6.56; in feldspars and muscovite extracts
respectively while Ta/W values range from 0.50- 0.57 in
muscovite extracts (Table 1). Elemental ratios such as
K/Rb, Rb/Sr, and Nb/Ta decrease with increase in
fractionation to extremely low values as the level of
fractionation of the pegmatite increases (Èerný, 1982).
Accordingly, values recorded for the trace element
ratios, together with the earlier observed relative low
concentration of rare metals; Nb, Ta, Rb and Zn are
indicative of low degree of fractionation in the
pegmatites and this is also supported by the low Cs
values recorded for Olode pegmatites implies low level
of fractionation (Èerný, 1982, 1989, and 1991).
The degree of albitization as indicated by Na/K ratio
relates to rare metal mineralization and Jacobson and
Webb, (1946) emphasized the association of tin
mineralization with intensive albitization of older tin
field of Nigeria. Degree of albitization in the mineral
extracts is low and consequently, a low concentration of
Sn in feldspar. Ba/Rb ratio is usually applied as an index
of differentiation (Rhodes, 1975). It ranged 0.11 - 0.25
in mineral extracts and this show poorly fractionated
parent magma. Nb/Ta values ranged from 0.56-4.86 in
feldspars extracts and 11.99-14.70 in muscovite extracts
and this signifies higher enrichment of Nb over Ta
especially in the muscovite extracts. Ta/Nb revealed a
preference for Nb mineralization of Nb relative to Ta in
the Olode pegmatite. Ta/W ratios vary from 0.50- 0.57
in muscovite extracts with no values in the feldspar
extracts due to the very low values of W, and Low Ta/W
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values signifies low enrichment of the muscovite
extracts in Ta compared to W.
Geochemical plots are used in the assessment of the rare
metal bearing potential of rare metals such as Nb, Ta, W,
Rb, Cs, Be, Y, Zr and REEs (Smirnov et al., 1986). Plot
of K/Rb versus Rb revealed the mineral extracts are
unmineralised and this is supported by other
geochemical plots (Figure 5) while on the K/Rb vs Cs
plot, the extracts plot in the muscovite field (Figure 6).
The classification of the pegmatites as muscovite class
pegmatites is supported by the occurrence of accessory
minerals such as garnet, beryl, tourmaline (Èerný, 1982,
1991; Ephraim et al., 2006).
The K/Rb versus Cs relationship is characteristic of Kfeldspar of rare metal pegmatites and has been used
along with K/Rb versus Cs in muscovite as reliable
prospecting aids for rare metal pegmatite (Preinfalk et
al.2000). K/Rb vs Cs plot and relatively low Cs
concentration is this indicates low fractionation and
consequently, low Ta mineralization (Table 1, Figure 5
and 6) as low K/Rb values and high Cs value indicates
high levels of Ta mineralization comparable to Ta rich
fields like Tanco and Nouma (Cerny, 1991).
The mineral extracts from the Olode pegmatite plot
below the Ta-Nb mineralization line of Beus, (1966) and
Gordiyenko, (1971) in all the geochemical plots thereby
implying that the mineral extracts are not mineralized in
respect to Ta-Nb (Figures 7-12). This is further
substantiated by the proximity of these pegmatites to
their parent granites and the absence of zonation in the
pegmatite as zonation is a common characteristic of
highly evolved and mineralized pegmatites.
Concentration of rare elements increases as the
fractionation level increases and this usually is observed
in pegmatites which are most distant from their parent
granites (Trueman and Èerný, 1982; Sweetapple, 2000).
Plot of Ta vs Cs shows that Olode pegmatite is poorly
mineralized as its muscovite and feldspar both plot
below Beus, (1966) and Gordiyenko, (1971) boundaries
of mineralization. Ta vs Cs plot offers the most reliable
possibility to distinguish between low and high Ta
content in mineral extracts at a given degree of element
fractionation. It is however noticeable that muscovite
plots closer to the Beus line of mineralization hence
Olode muscovite is enriched in Ta and a plot Ta against
Ga show the Ga content increased with increasing
fractionation of Ta. ∑REEs is very low in the mineral
extracts hence petrogenesis could not be evaluated from
the REE composition and fractionation.
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Table 1: elemental concentration an elemental ratio in feldspar and muscovite extract of Olode area

BDL - Below detection limit
1-5 feldspar samples, 6-10 muscovite sample.
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Fig. 5: K/Rb vs Rb plot for muscovite and feldspar of Olode pegmatite.
Blue represents muscovite samples, red represents feldspar extracts

Fig. 6: Plot of K/Rb versus Cs Olode Pegmatite extracts (Cerný, 1982),
(i- Barren, ii- Li + Be, iii- Li – Cs, iv – muscovite class) Blue represents
muscovite samples, red represents feldspar extracts

Summary and Conclusion
The study area is underlain by granite gneiss and biotite
gneiss which have been intruded by low lying
pegmatites. Mineralogically, pegmatites are composed
of quartz, feldspar with accessory tourmaline, beryl and
garnet. Geochemical analysis results revealed low mean
values of MnO, MgO, CaO, Na2O, TiO2, and P2O5 for

Journal of Mining and Geology Vol. 58(1) 2022.

Fig. 7: Plot of Ta vs Cs in muscovite and feldspar of Olode pegmatite
(after Moller and Morteani, 1987). Blue represents muscovite
samples, red represents feldspar extracts

Fig. 8: Ta vs Ga plot for muscovite and feldspar of Olode pegmatite.
Blue represents muscovite samples, red represents feldspar extracts.

major elements while trace elemental concentration
revealed low concentration of rare metals and low REEs
concentration in the mineral extracts. Plot of K/Rb vs
Rb, K/Rb vs Cs and Ta Vs Ga all showed that Olode
pegmatite are non rare metal bearing muscovite class.
K/Rb values signify low degree of fractionation which
shows close proximity to the parental melt source;
Ba/Rb values suggests low index of differentiation and

Journal of Mining and Geology Vol. 58(1) 2022.

39

Fig. 9: Plot of Ta vs K/Cs for for muscovite and feldspar of Olode
pegmatite (modified after Beus, 1966 and Gordiyenko, 1977). Blue
represents muscovite samples, red represents feldspar extracts.

Fig. 11: Plot of Th/U versus K/Cs ratio for the Olode Pegmatites
(modified after Gordiyenko, 1971; Beus, 1966); Blue represents
muscovite samples, red represents feldspar extracts

Fig. 10: Plot Ta vs Rb for for muscovite and feldspar of Olode
pegmatite (modified after Beus, 1966 and Gordiyenko, 1977; a: Ta
prospective; b: Ta mineralised) Blue represents muscovite samples,
red represents feldspar extracts

Fig. 12: Plot of Ta (ppm) against Cs + Rb (ppm) for mineral extracts
from the Olode Pegmatites (after Gaupp et al., 1984), Blue represents
muscovite samples, red represents feldspar extracts

poor degree of albitization is demonstrated by Na/K
values. Ta value is low in both mineral extracts while Nb
enrichment is marginal in muscovite extracts.

Trace elemental plots revealed the pegmatites are non
rare metal bearing, muscovite class with low rare metal
bearing potential.
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Pictorial view of the new NMGS House
under construction at Abuja.

