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Abstract

The pegmatites of Gbugbu, Lema and Bishewa areas belong to the pegmatite belt of North-Central Nigeria which
has been prospected for minerals since the early 1940’s. Detailed geological mapping of the pegmatite bodies and
sampling of muscovite extracts were carried out, while major, trace and rare earth elements geochemistry were
achieved using ICP-OES and ICP-MS. Variation plots of major and trace elements were used to determine the
geochemical characteristics of these pegmatite bodies. Structural features of the study area suggest fracture
patterns in the Nigerian Basement rocks controlled the distribution of the pegmatites on a regional NW-SE, N-S
and NE-SW and minor E-W trends. The pegmatites are peraluminous with major and trace elements pattern
indicating similarities with granitic clan of igneous rocks. Qualitative assessment of the pegmatites using K/Rb vs
Cs, K/Cs vs Rb, K/Rb vs Rb/Sr, variation plots suggest the majority of the pegmatites are mineralized with Na/K
ratio>1 and belong to the rare metal bearing class with a compositional variation suggesting regional zonation of
the pegmatites. Furthermore, these plots suggest the Lema pegmatite field is highly evolved and belong to the Li-
Be-Ta Type (III) and Li-Cs-Be-Ta Type (IV) while majority of those in Gbugbu and Bishewa fields belong to the
muscovite bearing Type (I) and Be bearing Type (II). It is concluded from this study that the pegmatites of Gbugbu,
Lema and Bishewa pegmatite fields have the potentials for rare metal mineralization with alkali and rare alkali
fractionation playing significant roles in the mineralization processes. Furthermore, field evidence and Rb vs Sr
plot, suggests the pegmatites were emplaced at variable depths of between 20-30km indicating that the Gbugbu
and Bishewa pegmatite fields have been extensively eroded and are close to the roots of the primary mineralization
exposing mainly the interior pegmatites of the Types I-II. On the other hand, the Lema field which suffered lesser
degree of erosion has Type III-IV pegmatite still remaining at the center of a regionally zoned pegmatite body.
The significance of this study is that the pegmatites of Gbugbu, Lema and Bishewa areas have potentials for
economic mineralization of tantalite, wolframite, cassiterite and columbite.
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1. Introduction

The area of study is situated within two components 1:50,000 scale sheets 203 Lafiagi NW and NE and falls
between latitudes 08° 40’ 00” N and 08° 51” 00”N and longitudes 05° 00’ 00” E and 05° 23* 00” E covering an
area of approximately 840.5 Km? in Kwara State of West Central Nigeria. The Nigerian rare metal bearing
pegmatites were hitherto believed to be concentrated in a 400km long NE/SW trending belt (Jacobson and Webb
1946). However recent developments have shown that rare metal and gemstones bearing pegmatites are not
restricted to a particular belt (Kuster, 1990; Matheis, 1991; Garba, 2003).

This paper examines the pegmatites around Gbugbu, Lema and Bishewa areas of North Central, Nigeria with
emphasis on their distribution, geochemistry, petrochemical features and relationship with their host lithologies.
The area of study has generated a lot of interests as a result of small-medium scale mining of rare metals and
gemstones bearing pegmatites which has been taking place on the Patikiesin hills (Lema) and its environs. Since
the 1940’s, mining activities in the area still subsists albeit on small scale. Field observation in these areas
indicated there is the dominance of rare metal and gemstone mineralization which show a progressive change in
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the mineralization type of the pegmatites from tin bearing greisens and pegmatites of Gbugbu Forest Reserve in
the northeast to the microlite and tantalum bearing pegmatites of the Patikiesin hill towards a southwest transect
to the tantalum, beryl and tourmaline bearing pegmatites of Bishewa, Ologomo and Share.

2. Materials and Methods

A total of 31 blocky white micas (muscovite extracts) from the intermediate and outer core zones of identified
pegmatite bodies were collected using the method of Moller and Morteani, (1987a) and Preinfalk et al (2000).
This involves selection of sample grains>2mm to avoid infiltration of secondary or altered muscovites. These
samples are made up of 11 samples each from Gbugbu and Lema pegmatite fields, while 9 samples were obtained
from Bishewa field.

Analyses of the samples were carried out by three methods after sample preparation and digestion. Trace elements
and Rare Earth Elements concentrations were determined by Inductively Coupled Plasma Mass Spectrometry
(ICP-MS) while the major oxides concentrations were determined by Inductively Coupled Plasma Optical
Emission Spectrometry (ICP-OES). A total of three muscovite extract samples were dated for K/Ar mineral age
(one sample from each of the pegmatite field) to determine their individual blocking ages and give an insight into
the possible ages of the pegmatite body.

3. Regional Geology

Nigeria lies within the reactivated Pan African mobile belt which is situated between the West African craton in
the west and the Congo craton in the east (figure 1a) and is underlain by the Precambrian Basement Complex
rocks which were intruded by the Mesozoic Younger Granites and both overlain in part by the Cretaceous
sediments (figure 1b). The Basement Complex rocks have been broadly divided into four lithological units namely
(1) the migmatite-gneiss complex with ages ranging from Archean (>3000Ma) to upper Proterozoic (£2800Ma)
(Grant, 1971; Black, 1980; Rahaman, 1988; and Dada, 1998); (ii) the metavolcanosedimentary belts which are
essentially made of schistose rocks of mostly greenschist facies of Proterozoic age (Rahaman et al., 1983;
Odeyemi, 1988) (iii) the syntectonic to late tectonic granitoids of Precambrian to Lower Palacozoic age (Pan
African) which intrude both the migmatite-gneiss complex and the schist belt and (iv) unmetamorphosed dolerite
dykes which are believed to be the youngest.

Pegmatite emplacement in Nigeria has been genetically linked to the suite of intrusive Pan African granitoids
(Older Granites of the Nigerian Basement Complex) based on field relationships of Jacobson and Webb (1946).
However, isotopic studies by Matheis and Caen-Vachette (1983) and Matheis (1987) suggest derivation of rare
metal pegmatites of southwest Nigeria from reactivation of ancient lineaments, partial melting and external fluid
supply. The Pan African in Nigeria was followed by conjugate strike slip fault systems which average in the NE-
SW (NNE-SSW) and NW-SE (NNW-SSE) direction. These fault systems also show sinistral and dextral sense of
displacement which cut across the earlier Pan African structures (McCurry, 1971; Wright, 1976 and Ball 1980).
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Figure la: Regional geological setting of West Africa showing the Hoggar—Air—Nigeria province within the
Late Proterozoic — Early Phanerozoic basement separating the West African and Congo cratons (After Ferre et
al., 2002).
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Figure 1b: Geological Map of Nigeria showing the area of study

3.1 Geology of Study Area

The study area is made up of the Pre-Cambrian Basement Complex rocks and partly the Cretaceous to Recent
sediments of the Bida Basin (figure 2) The Cretaceous to Recent sediments of the Bida Basin occupy the northern
half of the studied area and are composed of Recent alluvium which cover banks of tributaries and flood plains of
the Niger River and sedimentary rocks of Nupe Sandstone. The Basement Complex rock units occupy the southern
half of the area composing of granites, gneisses and metamorphic rocks into which are in folded Upper Proterozoic
supra-crustal low grade metasedimentary and metavolcanic rocks. These are rocks of the migmatite gneiss
complex, schists and paraschists which are depicted mainly by pelitic to semi pelitic quartz schists and quartz-
mica schists, amphibolites, biotite and granite gneisses, granites, and pegmatites. A detailed description of the
geochemistry and petrogenetic evolution of these rocks can be found in Ajadi (2017). However, most of the
pegmatites of Gbugbu, Lema and Bishewa areas are mainly the zoned types which have been extensively studied
elsewhere by Okunlola and Ocan (2009) to be endowed in rare-metals, intruding mainly the pelitic to semi pelitic
schists and gneisses with their dips cutting across the regional foliation trends of the host schists and gneisses.
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Figure 2: Geological Map of part of Lafiagi sheet. (Delineated are identified pegmatite bearing quadrants)

3.2 Structural Patterns

A multispectral Landsat TM satellite images was used to identify and produce a regional structural map showing
lineaments (figure 3). Major structurally controlled features identified in the area are Rivers, Oyi and Oro which
both have a trend in the NE — SW direction. The general foliation directions of the Basement Complex rocks are
in the NNW/NNE and NNE/NNW directions respectively with a minor N-S trend. The rose plot of the strike
direction of the pegmatites mirrors the general foliation trends determined for the gneisses and the schists with
the major axes being NNW and NNE and minor axes of between NNW/N-S and NNE (figure 4). These
orientations are consistent with the conjugate strike slip fault system in the NE-SW, and NW-SE which
characterize the brittle deformation that took place at the closing stages of the Pan African orogeny according to
Black (1980), Ball (1980) and Ajibade and Wright (1989).
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Figure 3: Landsat satellite image (1:50,000) and structural interpretation of project area showing dextral fault
system. BC=Basement complex rocks. Sed=Sedimentary rocks
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Figure 4: Rose plot of strike direction of pegmatite bodies in the study area

3.3 Gbugbu Area Pegmatite Field

The Gbugbu Forest pegmatites occur mainly as low lying intrusions into mainly biotite schists, quartz muscovite
schists, massive amphibolites and gneisses. Their lateral extent rarely exceeds between 100m-150m with a width
varying from<0.5m-5m. They are mostly complex types, K-feldspar rich pegmatites associated with occasional
impregnation of cassiterite. Occasionally greisen bearing cassiterite mineralization are also associated with the
pegmatites found in Gbugbu Forest Reserve. There are evidences of pnuematolysis which is manifested by
pervasive tourmalinization of host gneisses proximal to some pegmatite bodies leading to the presence of
tourmaline in almost all the zones of the pegmatite in Forest Reserve (Eika Camp). There is also an apparent
alignment of the tourmalines in the host gneisses and schists, while those in the pegmatite bodies have their

174



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) DOI: 10.7176/JEES i

Vol.9, No.3, 2019 Ist

orientation perpendicular to the internal zoning of the pegmatite body, those in the contact zone within the gneisses
are scattered. The morphology of the pegmatites are mostly linear and tabular bodies with well-defined internal
zoning (figure 5).

Figure 5: A typical pegmatite exposure in (Eika camp) Gbugbu pegmatite field showing the border zone Bz=K-
feldspar +Qtz + Muscovite=Sn+Tourmaline, [z=K-feldspar+ Sn+ tourmaline, Outer Cz= Muscovite +K-
feldspar+ Sn =+ tourmaline

3.4 Lema Area Pegmatite Field

The pegmatites of Lema pegmatite field forms a prominent topographic feature (Patikiesin hill) and intrudes
amphibolite, schists and gneisses as shown in the geological map of Lema area. This pegmatite field is extensively
kaolinized in parts and being worked on. Occasionally, the thickness of the kaolinized layer could reach > 4m.
Field observation suggests the pegmatites are complex types with well-developed zoning. The intermediate zone
is composed of K-feldspars and occasional mineralization of tantalite and wolframite were observed. Microlite
+ tantalite + beryl = tourmaline is the more noticeable mineralization in the altered outer core zone with the
mineralogy containing quartz + muscovite + lepidolite + plagioclase (albite). The core zone of a pegmatite body
(KW12A) was observed with the mineralogy containing mainly quartz + tourmaline + rubellite. It has an
approximate strike direction of 60°. Detailed observation and mapping of the internal zonings of the pegmatites
could not be made due to deep weathering (figure 6). Lithian mica is prominent here and is mostly found as relics
in the weathered profile and also associated with the kaolinised layer. Mineralization is sometimes found
associated with weathered kaolinized materials rich in lepidolites which are occasionally preserved due to their
high resistance to weathering.
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Figure 6: A weathered pegmatite exposure in the Lema pegmatite field showing intensive weathering and
kaolinization of the feldspar rich zones of the pegmatite

3.5 Bishewa Area Pegmatite Field

The pegmatites of Bishewa field are variable in types having both simple and complex types with occasional
occurrences of biotite and beryl. The simple types of pegmatites are found within biotite gneisses of Ologomo
area southwest of Bishewa. The complex types of pegmatites in this field are mostly associated with schists and
occasionally within the biotite gneisses. The pegmatites in this field are mineralized in rare metals and gemstones
hosting mostly tantalite and beryl. The morphology of pegmatites in Ologomo and Bishewa also varies exhibiting
the linear, layered and the bulbous types (figure 7). Their dimensions also vary with their lengths >150m and their
width occasionally reaching >5m. The structural orientation of the pegmatite bodies vary between 40° and 50°.

3.6 Petrography of Pegmatites

Petrographic studies of some of the pegmatite rocks mainly from Gbugbu and Bishewa show the presence of
quartz, feldspars, mica and other accessory minerals such as beryl, garnet and sphene. Some opaque ore minerals
observed to be cassiterite and heamatite were noted in some thin section slides (figure 8). Microcline feldspar was
observed in the filed as large euhedral crystals and sometimes as fine grained groundmass in association with
quartz with which it frequently occurs. Extinction angles of the feldspars show most of them to average between
14 -18 and this corresponds to albite-oligoclase composition on the Michel Levy’s chart. Macroscopic graphic
and perthitic intergrowth of microcline feldspar with quartz is common in the pegmatites around Bishewa and
Ologomo. Secondary alteration effects of sodium-metasomatism of microcline (albitization) were observed in the
feldspars of some pegmatites located southwest of Ologomo.
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Figure 7: Interlayered pegmatite within the schist host rock near Bishewa along Bishewa-Ologomo road
(Peg=layered pegmatite, Sch = schistose host rock)

Figure 8: Photomicrograph of the layered pegmatite around Bishewa area (P1 = plagioclase, Bt = biotite, Msc =
muscovite, Qt = quartz)

4. Geochemical Results and Interpretation
4.1 Major Elements

The concentrations of major elements composition in samples from the three pegmatite field are presented in table
1. The SiO; concentrations in the Gbugbu field are relatively high and lie between 66.12% -76.85% with an
average of 71.4% while A,O; ranges between 14.36-21.18% with an average of 16.94%. Average K,O and Na,O
content is 2.93% and 2.58 % respectively while CaO content is 0.38%. Fe>O3 content is moderately high with an
average value of 2.04%. The Aluminium Saturation Index (ASI) of the pegmatites in this field range between 1.62
and 6.58 with an average of 3.08.

In the Lema Pegmatite field, major element concentration patterns indicated a relatively low SiO2 and high Al,O3

concentrations averaging 59.33 % and 25.82 % respectively. Alkali content is enhanced and averages of 3.57 %
and 5.08 % for Na>O and K»O respectively while CaO content of 0.25% is low. The ASI values range between
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1.95 and 3.86 with an average of 2.92. The Fe,Os content is generally low with an average value of 1.55 % and
the concentration of TiO; is also low while MnO, MgO and P»Os are also comparatively low.

The major element distribution pattern in the Bishewa pegmatite field shows average concentration of SiO; and
ALO; 70.45% and 16.94 % respectively. The concentration of alkalis (Na,O and K,0) averages (3.59%) and
(3.20%) respectively. The concentrations of Fe>Os, TiO2, P,Os and MgO are comparatively low. The Aluminum
Saturation Index (ASI) of the samples range between 1.64 and 3.04 with an average of 2.2.

4.2 Trace Elements

Trace element pattern and distribution in the muscovite sampled from the pegmatites in the three fields and
elemental ratios of some selected trace elements are presented in tables 2a-e. This show enrichment in the rare
metal concentrations (Rb, Cs, Nb, Ta and Sn) with the following range of averages in the three pegmatite fields
respectively 470.78ppm-1464ppm, 35.91295.6ppm, 54.11-166.3ppm, 63.6-229.6ppm and Sn 31.6-127.3ppm.
The high Rb/Sr and low K/Rb and K/Cs suggest the pegmatites are granitic in origin. The ratio of Nb/Ta (1.33) is
relatively enhanced in the Bishewa pegmatite field while average Ta/Nb value is enhanced in the Lema pegmatite
field. Also the ratio of Ta/W is comparative higher in Lema pegmatite field compared to the Gbugbu and Bishewa
pegmatite field. The plots of elemental ratios of K/Rb vs Cs, K/Cs vs Rb and Ta/W vs Cs are used to discriminate
the rare metal bearing potentials of the individual pegmatite bodies sampled. The plots of K/Rb vs Cs of Cerny
and Burt (1984) and the K/Rb vs Cs plot of Gallinski et al (1997). Figures 9 and 10 indicate that the majority of
the samples plot within the rare element class of pegmatites except five samples from Bishewa and Gbugbu field.

Figure 10 shows that the majority of the pegmatite bodies belong to type II-IV [Be, Li-Be-(Ta), and Li-Cs-Be-
(Ta) pegmatites with only four samples from Bishewa and Gbugbu plotting within the Barren or muscovite type
field. Majority of the pegmatites from the Lema field also plots within the type III and type IV [Li-Be-(Ta), and
Li-Cs-Be (Ta)] pegmatites respectively while few others belong to the Be-type II pegmatites. The K/Cs vs Rb plot
of Gallinski et al (1997) and K/Rb vs Rb/Sr plot of Oyarzabal and Cadile 2004 (figures 11 and 12) also show the
rare-metal bearing potentials and geochemical characteristics of each of these pegmatite fields. Comparison of
K/Rb vs Cs, K/Cs vs Rb plots of Gallinski et al (1997) and the Ta/W vs Cs plots (figures 11, 12 and 13) suggest
that the pegmatites of Lema field are highly evolved, belonging to the type IV [Li-Be-Cs-(Ta) bearing] pegmatites.

The Ta/W vs Cs plot also shows that the Lema-Gbugbu-Bishewa pegmatites are comparable with mineralized
pegmatites locally and some world class rare-metal bearing pegmatites. The Lema pegmatites show similarity
with the Buck, Oasis and Tanco pegmatites of Canada (Morgan and London, 1987), while the Gbugbu and
Bishewa pegmatites plot in the fields of Noumas, Homestead and Wodgina pegmatites of Western Australia.
Similarly on the local scene, the Lema pegmatites plot in the field of Nassarawa-Keffi pegmatites (Akintola, 2003)
and, Oke-Ogun and Kushaka pegmatites (Garba, 2002) fields while the Gbugbu and Bishewa pegmatites have
close affinity with the Kabba-Isanlu pegmatites (Annor and Freeth, 1985; Annor et al, 1995), Aramoko- Ijero and
Osogbo-Ibadan pegmatites (Okunlola, 2005) fields. The Rb vs Sr plot of Condie (1976) (figure 14) suggests that
the pegmatites were emplaced over a depth range of between 20-30 Km.
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Figure 10: K/Rb vs Cs plot classifying the range of types of pegmatites within the pegmatite fields. The
polygons describe the types. I-Muscovite class, II-Be, I1I-Li-Be-(Ta), IV- Li-Cs-Be-Ta pegmatites (After
Gallinski.et al, 1997)
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Figure 12: K/Rb vs Rb/Sr classifying the range of types of pegmatites within the pegmatite fields. The lines
discriminate between the various types. I-Muscovite class, II-Be, III-Li-Be-(Ta),IV- Li-Cs-Be-Ta. (After
Oyarzabal and Cadile, 2004).
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Figure 14: Rb vs Sr depth classification plot of Condie (1976) showing majority of the pegmatites plotting

within a depth range of 20-30km.

4.3 Geochronology and K-Ar Age Dating Result

The analytical results for each pegmatite sample were used to calculate the age for the respective samples using

the general model age equation below (Faure, 1986; Dickin, 1995).

1
1

‘= Dt+Do+

Pt

Where:

t = age of pegmatite
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A = decay constant of the parent isotope, °K = 5.543 x 1010
Dt = present number of radiogenic daughter atoms in the rock

Do = initial number of daughter atoms in the rock

Pt = present number of parent atoms in the rock

By assuming that the radiogenic argon was zero in the pegmatite when it was formed, Dt and Pt were measured,
and the age equation above was then used to determine ages of the rocks. The K/Ar geochronological ages so
obtained from this study indicates a range between 512, 516 and 520Ma for the muscovite extracts from
pegmatites of Lema, Bishewa and Gbugbu fields respectively. These ages which suggests muscovite blocking
ages in the pegmatite bodies are comparable to the 529 - 539Ma Rb-Sr mineral ages obtained on muscovite and
lepidolite of Osi area (Jacobson et al 1963); 487 - 490Ma K-Ar ages of muscovite of Aramoko and [jero area
(Matheis and Caen-Vachette 1983) and the reported 590Ma - 538Ma K-Ar ages on microcline, muscovite and
orthoclase from pegmatites of Jos Plateau (Tugarinov et al 1968). In addition to these, the ages are comparable
to the K-Ar ages on muscovite of 521, 545, and 656Ma obtained in Zaria north western Nigeria by Harper et al.
(1973) and the *°Ar/*°Ar spectrum ages of 506 - 514Ma obtained on micas of Egbe pegmatites as reported by
Akande and Reynolds (1990).

5. Discussions and Conclusion
5.1 Discussions

The Gbugbu-Lema-Bishewa pegmatites which were emplaced in granites, gneisses and schist of variable
composition exhibit structural trends mainly in the NE-SW, N-S and NW-SE directions and with a minor E-W
direction (Garba 2011). These trends may have resulted from reactivation of ancient lineaments at the waning
stage of the Pan African orogeny which according to Wright (1976), Ajibade and Wright (1989) and Okunlola
(2005), controls pegmatite and tin mineralization. The K-Ar mineral age range of between 512 -520 Ma
determined for the three pegmatite fields are close to those obtained by earlier workers for pegmatites of Lokoja,
Ijero, Egbe and Komu areas but younger than those obtained for Zaria and Jos in the northern parts of Nigeria.
This suggests the cooling ages of pegmatites in Nigeria span a period of time or perhaps the pegmatites were
emplaced in phases.

Cerny (1986, 1990a, 1991a, 1992a & b, 1994) and Cerny and Meintzer (1988) have worked extensively on the
evolution, geochemistry and petrogenetic features of pegmatites which have been used to characterize the
Gbugbu-Lema-Bishewa pegmatites. The pegmatites in the three fields show a general decrease in the alumina
saturation index with increase in Na,O from Gbugbu field in the northeast down to Bishewa field in the southwest.
The relative enhancement in Na,O with moderate Na/K may be as a result of secondary enrichment due
albitization which is moderate in all the three pegmatite fields. This elevated sodic content is typical of highly
evolved granitic pegmatites according to Cerny (2005). The geochemical trends of the lithophile such as Cs and
Rb indicate the pegmatites of Lema field are comparatively highly fractionated. The ratios of K/Cs and K/Rb in
micas have generally been used as indices of fractionation in granites and pegmatites Cerny (1991b), plots K/Cs
vs Rb and K/Rb vs Cs depicts a compositional gradient in pegmatites with the Lema pegmatite field exhibiting
higher degree of fractionation. Furthermore discrete mineralization of ore grade microlite woframite and tantalite
which were being mined was observed in Lema and Bishewa pegmatite fields. Conversely, in Gbugbu pegmatite
field niobium, tin and gemstones (tourmaline) are the major minerals being mined with subsidiary amount of
tantalite.

5.2 Conclusion

The Gbugbu-Lema—-Bishewa pegmatite which were emplaced at the waning stages of the Pan African Orogeny
(512-520Ma) are the peraluminous type of pegmatites with the degree of albitization (Na/K) values >1 across the
three pegmatite fields. There is compositional variability across the three identified pegmatite fields which
indicated by enrichment in rare alkalis (Li, Rb and Cs). This suggests comparatively higher enrichment in rare-
metals in the pegmatites of Lema pattern which suggests variability in their enrichment patterns and regional
zonation. This enrichment in rare alkalis of Li, Cs, Rb is expectedly followed by corresponding enhancements in
rare-metal mineralization. The variation plots of K/Rb vs Cs, K/Cs vs Rb and K/Rb vs Rb/Sr shows consistency
of the pegmatite samples from each of these locations with the Lema pegmatite field being more evolved and
belonging mainly to the Li-Be Ta (Type III) and Li-Cs-Be Ta (Type IV) class of rare-metal bearing pegmatites
while the Gbugbu and the Bishewa pegmatite fields appear to be less endowed comparatively and transcend the
muscovite class (Type I) and Li-Be Ta (Type III).
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Table 1: Major element composition of Gbugbu, Lema and Bishewa pegmatites (%)

SAMPLES (Gbugbu) e AL,0; Fe,0s Mgo Ca0 Na;O K0 Ti0) P205 MnO Lol TOT/C TOT/S SUM AJCHN+K Na/K (ppm)
Kw33B 67.04 14.36 7.52 2.09 0.53 1.01 3.72 1.04 0.08 0.13 23 0.01 0.01 99.99 273 0.28
KwasC 72.75 17.27 0.69 0.04 0.52 313 321 0.01 0.33 0.03 1.9 0.02 0.01 99.92 252 1.01
kw928 74.76 12.49 4.19 1.46 124 1.42 191 0.23 0.89 0.11 1 0.02 0.03 99.85 273 0.77
KW33A 75.03 16.48 0.63 0.03 0.6 1.27 3.51 0.01 0.32 0.02 22 0.01 0.01 100.12 3.06 0.37
Kw9e 76.85 11.05 39 145 0.18 0.28 3.67 0.52 0.02 0.05 19 0.06 0.01 100.01 2.68 0.079
Kwss 7191 16.37 0.1 0.01 0.59 7.34 217 0.01 0.66 0.07 05 0.01 0.01 99.78 1.62 35
KW46A 72.78 17.49 0.75 0.01 0.32 2.28 3.67 0.01 0.31 0.1 21 0.06 0.01 99.86 279 0.64
KwW76 70.61 18.89 0.14 0.05 0.1 2.61 3.04 0.03 0.26 0.01 4.1 0.43 0.05 99.87 3.29 0.89
Kw2s 66.12 21.18 252 0.21 0.02 21 11 0.19 0.04 0.03 6.2 0.06 0.01 99.77 6.58 1.98
Kw99 68.85 20.42 1.03 0.01 0.07 1.02 4.87 0.01 0.03 0.55 3 0.03 0.01 99.87 343 0.21
Kwoo 68.71 18.65 0.95 0.12 0.05 5.94 136 0.07 0.16 0.05 38 0.05 0.01 99.88 2.54 4.53
Average 71.4 16.78 2.04 0.49 0.38 2.58 293 0.19 0.28 0.1 2.64 0.07 0.02 99.9 3.08 1.29
SAMPLES (Lema) Si02 Al203 Fe203 MgO Ca0 Na20 k20 Tio2 P205 MnO Lol TOT/C TOT/S SUM A/C+N+K Na/K
Kw32 48.57 35.41 1.28 0.03 0.05 121 8.03 0.04 0.04 0.02 5.4 0.16 0.01 100.1 3.81 0.15
Kw18c(1) 51.61 28.73 3.75 0.27 0.01 0.68 8.91 0.11 0.03 0.06 5.7 0.02 0.02 99.89 2.99 0.07
Kwimi 62.94 23.65 0.61 0.09 0.07 3.87 2.7 0.03 0.06 0.06 55 0.06 0.01 99.61 3.56 1.43
Kw1sB 56.01 26.32 291 2.89 1.53 3.73 411 116 0.2 0.17 0.8 0.01 0.01 99.95 2.81 0.91
Kwi4 55.4 27.86 2.68 0.2 0.1 0.67 821 0.08 0.02 0.07 4.7 0.08 0.01 100.01 31 0.08
Kw12 (1) 65.46 25.29 0.04 0.02 0.08 6.08 14 0.01 0.29 0.01 0.4 0.02 0.01 100.03 3.35 434
Kw12 (1) 57.36 27.93 0.81 0.37 0.17 4.81 4.93 0.05 0.11 0.08 28 0.04 0.02 99.46 2.82 0.98
kw128 59.87 26.49 0.46 0.21 0.11 7.01 3.09 0.02 0.11 0.06 21 0.02 0.01 99.56 259 22
Kwi2A 65.41 20.89 0.6 0.27 0.04 8.04 261 0.02 0.07 0.09 17 0.01 0.01 99.75 1.95 33
KwW52 5471 26.14 3.38 0.49 0.04 0.69 9.07 0.24 0.01 0.05 53 0.03 0.01 100.16 267 0.08
KW15A 75.34 15.39 0.56 0.12 0.61 2.53 2.89 0.03 0.52 0.04 18 0.02 0.01 99.86 255 1.29
Average 59.33 25.82 1.55 0.45 0.25 3.57 5.08 0.16 0.13 0.06 3.29 0.04 0.011 99.85 292 134
SAMPLES (Bishewa) Si0; AL,0; Fe,0s Mgo Ca0 Na;O K0 Ti0) P205 MnO Lol TOT/C TOT/S SUM AJCHN+K Na/K(ppm)
KW1A 78.11 12.49 0.71 0.04 0.11 2.82 28 0.01 0.1 0.02 28 0.01 0.01 100.01 218 1.00
Kw2 66.32 2133 176 0.12 0.03 0.85 4.72 0.05 0.03 0.04 28 0.03 0.02 98.07 223 0.18
KW8A 72.73 15.72 0.88 0.05 0.38 5.83 221 0.01 0.34 0.1 16 0.01 0.01 99.87 1.86 2.63
Kw34c 7175 171 0.22 0.01 0.34 4.53 22 0.01 0.43 0.17 23 0.02 0.01 99.09 222 2.05
Kw3 73.68 14.26 0.38 0.05 0.03 3.75 4.87 0.02 0.05 0.01 12 0.02 0.01 98.33 1.64 0.26
kw7 67.06 17.03 3.19 0.18 0.19 4.81 232 0.31 0.08 0.13 36 0.04 0.01 97,95 232 2.07
KwW19c 68.71 18.65 0.95 0.12 0.05 5.94 136 0.07 0.16 0.05 38 0.05 0.01 99.88 2.54 4.4
kw218 7113 16.78 0.76 0.16 0.07 1.62 532 0.06 0.3 0.06 36 0.13 0.01 99.88 239 0.30
Kw228 64.59 191 2.66 0.58 0.19 22 3.87 0.21 0.24 0.39 58 0.31 0.01 99.89 3.05 0.57
Average 70.45 16.94 127 0.14 0.15 3.59 3.2 0.08 0.19 0.1 2.83 0.06 0.01 100 227 1.28
Table 2a: Average trace element composition of Gbugbu pegmatites (ppm)
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Table 2b: Average trace element composition of Lema pegmatites (ppm)
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Table 2e: Elemental ratios of selected trace elements of Bishewa pegmatites (ppm)

Ratios Kw2 KWS8A KW34C Kw3 Kw 7 KW19C | KW21B | KW22B | Average
K/Rb 0.003 0.071 0.132 0.010 0.019 0.007 0.035 0.008 0.007
K/Ba 0.118 0.368 0.008 0.017 0.018 0.010 0.512 0.010 0.023
Rb/Sr | 317.000 1.829 0.439 6.471 0.244 6.268 8.333 12.241 5.726
K/Cs 0.168 0.141 3.143 0.054 0.032 0.048 0.950 0.232 0.074
Zr/Hf 9.057 12.128 11.839 12.273 | 224.800 | 0.449 0.125 28.667 2.055
Ta/W 0.472 0.430 0.283 0.023 0.077 24.567 2.480 0.625 0.525
Ta/Nb 0.567 0.499 0.775 0.154 0.255 3.259 5.465 3.296 1.175
Th/U 1.167 0.867 0.679 1.000 0.266 0.571 0.324 2.440 0.797
Nb/Ta 1.764 2.002 1.290 6.489 3.929 0.307 0.183 0.303 0.851
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