
Academia Arena, 2009;1(5), ISSN 1553-992X, http://www.sciencepub.org, aarenaj@gmail.com  

 

 18 

 

 

Trace Elements Concentration As Guides To Rare Metals Mineralization In The Soils Of Nasarawa 

Pegmatite Field, Central Nigeria 

 
∗
 Adekeye, J. I. D

1
. and Akintola, O. F.

2
 

1        *
Geology and Mineral Sciences Department, University of Ilorin, P. M. B. 1515  

Ilorin, Nigeria 

E-mail: adekeye2001@yahoo.com; Phone : 2348033795444 

 
2      

Raw Materials Research and Development Council, P. M. B. 232 Garki Abuja. 

Nigeria. 

4136034 E-mail : akintolaolatunde@yahoo.com; Phone :   2348055239 

 

* Corresponding author 

 

 

Abstract 

The Nasarawa pegmatite field belongs to the east-north-east trending pegmatite province of 

Nigeria, which extends from Abeokuta in the south-west to Bauchi in the north-east.  Trace elements in 

relatively newly-formed pegmatite eluvial soils sampled close to eluvial workings, and unbiased soil 

samples taken over the whole area were compared to note the effects of the secondary surface processes on 

the redistribution of the trace elements in the soils. Soils of the B-horizon and eluvial soils over mineralized 

pegmatites were analyzed for major and trace elements Results of univariate analysis and bivariate 

correlations of some selected trace elements indicate that.  Ba, Cs and Rb can be used to characterize the 

soils. On the average Rb and Cs show very high increase (>110% ) and depletion in Ba in the pegmatite 

eluvial soils. These high values of Rb and Cs as well as depletion of Ba in the eluvials reflect their 

distribution in buried pegmatites and they are thus useful pathfinder elements in detecting buried Sn – Nb – 

Ta – Be mineralized pegmatites. [Academia Arena, 2009;1(5):18-26]. ISSN 1553-992X. 
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INTRODUCTION 

 The Nasarawa pegmatite area is part of the pegmatites of Central Nigeria known for its 

mineralization of specialty minerals like tantalite, cassiterite and columbite and also some gemstones like 

beryl, tourmaline and topaz.  The major mineral being produced from this area is tantalite and this is from a 

few exposed weathered pegmatite outcrops.  World production of these specialty minerals is declining and 

hence attention is now being placed on their exploration in order to increase their reserve and production so 

as to earn valuable foreign exchange.  However, much of the area is overlain by a thick residual soil which 

makes exploration difficult. 

 Lateritic soils are typically residual weathering products of the underlying rock units.  Their most 

important components are clay minerals and accumulations of colloidal Al, Fe, and Mn hydroxides and 

oxides which show a high degree of adsorption and ion-exchange capacity (Norton 1973).  Generally, the 

movement of the cations in soils is more in the vertical than the horizontal direction.  However, the element 

distribution in soils depends on the physico-chemical nature of the element, and very important are the 

ionic potential, Eh and pH conditions.  The depletion and enrichment of an element will be determined 

foremost by the climatic conditions, drainage, the type of parent rock and the available pH value.  In water 

solution, material is transported as ions, complexes or colloids and depending on Eh and pH conditions, 

new minerals may even be formed. 

 Matheis (1981) stated that the results of detailed trace-element studies in lateritic soil profiles 

indicate that most of the trace elements retain more or less their bedrock concentrations during pedogenetic 

development; thus characteristic differences in bedrock composition are still reflected by the trace-element 

pattern of the sampling horizons.  This is because the secondary geochemical dispersion processes in these 

typically tropical weathering environments adjust the trace-element distribution during lateritic soil 
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development to narrow fluctuation ranges.  Thus the study of trace-element characteristics in soils could be 

useful in identifying the underlying bedrock (Zeissinck, 1971). 

 The main objective of this work is to, through better understanding of elemental distribution in 

this environment, find some geochemical and/or statistical methods which will enable such potentially 

significant pegmatite occurrences to be rapidly and cheaply found.  To achieve this objective, some soil 

samples were collected, analyzed and subjected to statistical analyzes in order to characterize them. 

 

CLIMATE AND PHYSICAL FEATURES 

 The study area is situated in the savannah belt of Nigeria with a wet season from May to 

September followed by a long dry season from October to April.  From November to early March, the 

northeast trade wind, known as the “harmattan” keeps the humidity extremely low.  The rainfall is almost 

entirely confined to the wet season with an annual average of about 133 centimeters.  Considerable 

variations sometimes up to 26 centimeters and more occur from year to year.  Most of the streams flows 

generally southwards except few that take their source from the northeast/southwest trending watershed 

that exists in the northern half of the area and hence flow northwards.  All the streams in the study area dry 

up during the long dry season. Thus, shortage of water usually poses an acute difficulty in the dressing of 

mineral concentrates and in many cases; the pegmatites are worked only during the wet season. 

 The primary vegetation has been greatly modified by the agricultural activities of the inhabitants.  

Consequently, a mixture of long grasses and short trees of the derived Savannah type now cover the area   

the grasses reach their maximum development between the months of August and December making 

mineral prospecting and exploration difficult during these months.  

 The area is gently rolling and undulating except in the east and northwest where ranges and 

inselbergs of the Younger and Older Granites break this feature respectively.  The hills of the study area 

could be subdivided into two distinct types vis the inselbergs and the long ranges.  The granites form the 

inselbergs while the long ranges are formed by masses of amphibolites/granodiorite gneisses and the 

pegmatites.  The high ranges of units of Afu complex in the east and the fringe forests that grow at the foot 

of these ranges make the eastern part relatively inaccessible. Most of the streams flow generally southwards 

taking their source from northeast/southwest trending watershed that exists in the northern half of the area. 

 In the Nasarawa area, the soils over pegmatites are fine reddish brown with quartz fragments while 

those over the schists are generally fine and grayish.  Those above gneisses and granites are yellowish 

brown to grayish, coarse, sandy and gravelly.  The undulating nature of the terrain induces some variability 

in the depth to the water table, therefore, chemical decomposition will be more active in the more acidic 

rocks like pegmatites and there is more erosion along the slopes.  In the gently rolling terrain over the 

gneiss-schist complex and the amphibolites, the thickness of the soil increases progressively and the soil 

horizons are better developed. 

 

GEOLOGIC SETTING 

 The pegmatites of Nasarawa area form the northern part of the pegmatites of Central Nigeria (Fig. 

1).  These pegmatites are better exposed than those of Egbe and Ijero that lie in the tropical rainforest of the 

southwest and on which much work has been done (Dada, 1978; Emofurieta, 1977; Matheis, 1978; 1979, 

1980b; Ohiwerei, 1978).  Rocks of the area include the schists, Younger and Older Granites and the 

pegmatites.  These rocks have been fully described by Akintola and Adekeye (2005a).  However, because 

of the significance of pegmatites to this study, they are hereby briefly described. 

 

The Pegmatites: 

 There are simple and complex pegmatites in the area.  The pegmatites generally range in 

dimensions from a few meters to over a kilometer in length, while the width varies from a few centimeters 

to 10 metres and more.  Dykes with a strike length between 300 and 700 metres are quite common.  

Although, the majority of the pegmatites occur in the form of regular tabular dykes with fairly constant dips 

and strikes, many of the richly mineralized pegmatites occur as sill-like bodies with pronounced, pinch and 

swell structures.  The swellings are generally loci of intense albitization and mineralization.  While the 

majority of the pegmatites strike north-east/southwest, some have north-west/south-east and east-west 

strike directions.  Strike and dip may change even in one dyke, following planes of weakness (joints, 

fractures and foliation planes) in the country rock.  There is a tendency towards the arrangement of the 

pegmatites in subparallel groups akin to an en-chelon emplacement.  In some cases, there are two or more 
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intersecting sets of dykes.  Majority of the pegmatites generally crossscut the foliation of the host schists 

and gneisses.  

 The simple pegmatites are found in the proximity of the biotite Older Granites at the western part 

of the area.  They are barren, and composed essentially of quartz, microcline-microperthite and minor 

plagioclase.  The minor plagioclase appears to be replacing the perthite with sericite as by-product.  Many 

of the complex pegmatites display a textural and mineralogical zonation parallel with the walls of intrusion.    

Quartz-mica marginal facies are a common feature of the pegmatites and consist of a zone of quartz and 

muscovite along the walls of the dyke.  The mica is coarse-grained and oriented at right angles to the 

contact. 

 In the case of the simple pegmatites, wall rock alteration is negligible but there is usually a narrow 

zone of altered rock along the contacts of the complex pegmatites.  Although tourmalinization is by far the 

most common type of contact alteration in complex pegmatites, it is generally accompanied by 

silicification, albitization, greisenization and sometimes formation of  apatites/fluoropatites which gives 

rise to gradational contacts.  Otherwise, the passage from pegmatite to countryrock is generally rapid and 

sharp.  Recrystallization of the wall-rock minerals especially the micas is a common feature.  Pegmatite-

country rock relationships suggest an emplacement level transitional between ductile and brittle host-rock 

behaviour (Kuster, 1990).  Xenoliths of the foliated host-rock, (quartz-biotite schist) are present in some 

pegmatites suggesting that the pegmatites are younger than the schists.  The formation of cookite in one of 

the pegmatites shows that the pegmatites were emplaced in the high-temperature, low pressure (Abukuma 

type) metamorphic environment.  The appearances of greenschist facies minerals like chlorite and green 

biotite almost certainly confirms them to be products of retrograde metamorphism. 

 

METHODS 

 A total of 54 soil samples were collected from the upper 50cm of the B-horizon.  32 of these 

samples were collected without any bias at points tied to a 1km by 1km grid.  The remaining 22 samples 

were taken from eluvial soils over mineralized pegmatites.  The samples were sieved through 212µm (-

70mesh) sieve size.  6g of each sample material was added to 1.5g of Hoechst wax-c micropowder in a 

container and mixed by pressing the container to a Silamat high speed vibrating instrument with the timer 

set at 20 seconds.  The powder was then pressed with an hydraulic press at 20 tons in steel liner to obtain a 

pellet of about 4cm diameter and 3mm thickness.  The pellet was analysed by X-ray fluorescence.  The soil 

data were then subjected to univariate analysis of variance and bivariate correlation analysis using SPSS 

statistical software. 

 

RESULTS 

 Results of some elements analyzed in some unbiased soil samples of the study area and eluvial 

soils over the pegmatites are shown in Tables 1 and 2 respectively.  Their mean values are also indicated on 

both tables.  Generally, Ba, Mn and Zr have higher values over the unbiased soils than the eluvials.  Cr, Ga, 

Sr, V and Zn show marginal increases in the eluvials than the unbiased soils.  However, Cs and Rb show 

highly anomalous values in the eluvials in the whole area.   

There are high positive correlations and associations of Cr and Ga, Ga and V, Rb and V, Ga and 

Ni and Rb and Ni especially in the eluvials.  In the unbiased soil samples, Rb and Ga (0.881), Cr and V 

(0.922) Ni and V (0.943), Cr and Ni (0.867) have high correlation indices.  On the other hand, some of the 

elements, for example, Cs and Ba (-0.666), Rb and Zr (-0.543), Cs and Zr (-0.526) in the eluvials show 

moderate negative correlation indices. For the unbiased soils, Rb and /Zr (-0.078), Cs and Zr (-0.113) Ga 

and Zr (-0.245), and V and Zr (-0.312) show low negative indices. (Table 3). 

 Univariate analyses of variance was performed on the two soil types (Table 4) and the results are 

shown as graphs of elemental distribution in Figure 3.  Results of univariate analysis indicate that Ba, Cs 

and Rb can be used to characterize the soil type.  For unbiased soils, range of element content of Ba (360-

480), Cs (–46-73) and Rb (6-135) effectively characterize it while element content of Ba(191-311), Cs (89-

209) and Rb (251-371) effectively characterize the eluvial soils. 

 

DISCUSSION 

 Although chemical weathering progresses very fast in the tropical environments, extensive 

leaching of the primary constituents is mainly restricted to the major elements Mg, Ca, Na and K (Andrew-

Jones, 1968; UNESCO, 1971; Zeegers, 1979).  Most of the lithologically determined trace elements, to 

some extent, retain the contrast of their primary concentration levels during weathering processes, 
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especially in areas that have not been disturbed by erosion or mass movement.  Hence, soils enriched in Rb, 

Cs, Ga and Sn are depleted in Mn, Ba and Zr.  Secondary dispersion haloes of typical pegmatitic rare 

elements in soils facilitate locating pegmatites, although the contrast between their decomposition products 

and those of the country rocks is much lower than in unaltered fresh rocks. 

 The contrasts in the geochemical association of the trace elements are more noticeable in the 

eluvials as indicated by the higher correlation indices between the elements compared with those of the 

soils generally from the area as shown in Table 3.  In the older soils, associations of the elements depend on 

their mobility in the secondary environment.  

 For example, elements of hydrolysates such as Mn, Ga, V, which are relatively immobile in the secondary 

environment have more positive correlations with many other trace elements.  These elements are most 

probably held on the surface of hydrolysate elements by adsorption.  Thus the contrasts noticeable in the 

distribution of elements in the eluvial soils which amply reflect the elements distribution in the bedrock are 

obliterated to some extent by the redistribution of the elements in the soils by the secondary processes of 

weathering, erosion and the different rates of dissolution and mobilities of the elements in the secondary 

environment (Gordon et al, 1958; Andrew Jones, 1968; Cadile, 2003; Oyarzabal and Cadile, 2004).   

Although, the streams in the area are seasonal, the combined effects of the relief and drainage must have 

accentuated the leaching of the mobile elements especially along the well-drained slopes and leading to 

elements redistribution in the secondary environment.  Nevertheless, Matheis (1981), said (1994) and 

Oyarzabal (2004)  showed that Li, Be, Rb, Cs, Mg/Li and K/Rb in the B-horizon of lateritic soils 

effectively outline pegmatite bodies.  Also, Marshall and Herman (1986) and Adedoyin (2004) used the 

distribution of Be, La, Nb, Sn and Li in dispersion aureoles, surrounding weathered pegmatites in gneiss 

derived sapropellites to differentiate between soils formed over primitive pegmatites, complex pegmatites 

and the country rocks.  They concluded that such elements are useful as pathfinders for rare metal 

pegmatites mineralization and exploration. 

 Rare metal trace elements Cs, Rb and Ga in eluvial soils collected over the pegmatites at Liberia, 

Lc 19 and Lc 20 have mean values of 157 (ppm), 58(ppm) and 20ppm respectively.  These elements also 

have high positive correlation indices: Cs and Ga (0.881), Cs and Rb (0.962) and Rb and Ga (0.966).  

Generally, geochemical dispersion patterns detected from clay and hydroxide-rich fractions of lateritic soil 

covers have been shown to reflect the concealed bedrock composition adequately and serve as the primary 

sampling media in soil surveys.  Values of Ga, Cs and Rb in the Nasarawa area have been found to be 

anomalous and therefore effectively delineate the concealed pegmatites from the other basement rocks. 

 There is high positive correlation between Ba and Mn (0.759), Cr and Ni (0.938), Cr and V 

(0.933).  Cr also has high positive correlations with Co, Cu, and Zn (Table 3).  The high positive 

correlation of Cr and Ni has been traced to their geochemical associations in basic rocks by Matheis 

(1980b) Siad (1994) and Akintola (2003) who found Cr and Ni contents in soils to reflect their parent 

rocks.  The high positive correlations and associations of Cr and Ga, V and Ga, V and Rb, Ni and Ga and 

Ni and Rb especially in the eluvials may partly be due to isomorphous substitution of these elements in 

muscovite of the pegmatites since micas weather directly to clays.  The association of Ba and Mn in the 

eluvials also reflects their association in the bedrock and mobility in the oxidizing environment (Zeegers, 

1979).  Siad (1994) has observed that Ba, Ti and Mn in soils are useful for delineating amphibolites and 

granites in southwestern Nigeria.  Correlation indices of Ba and Mn (0.759) and Ba and V (0.841) are 

higher in the pegmatite eluvials than in the unbiased soils which are 0.259 and 0.067 respectively.  

However, the negative correlation of Ti, Ba, Mn and Zr against Cs, Rb and the ore elements observed in the 

eluvials are not so clearly observable in the more matured unabiased soils from the general area.  This 

further confirms the geochemical characteristics of the elements. Univariate analysis of variance performed 

on the two soil types has allowed their characterization.  At 95% Confidence Interval, three elements, Ba, 

Cs and Rb were found to be effective.  For unbiased soils, element contents in the range of (360-480)pm, 

(46-73)ppm and (6-135)ppm for Ba, Cs and Rb respectively effectively characterize it, while for the 

eluvials, the values are (191-311)ppm, (89-209)ppm and (251-371)ppm.  Thus, for rapid identification of 

mineralized pegmatites in the study area, the above result of the univariate analysis is adequate. 

 

CONCLUSION 

 The abundance of pegmatites in the study area has made it necessary to seek for fast and cheap 

methods of discovering them.  However, because of intense weathering in the tropical environment, many 

of these pegmatites are covered by thick layers of lateritic soils.  The characteristics of the trace elements in 

the different soils are not significantly different although the more matured unbiased soils are more 
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depleted.  Only a few of the elements, for example, Cs and Rb differ significantly in the eluvials from the 

unbiased soils.  The contrast confirms their mobility characteristics in the oxidation environment.  

 Correlation studies have shown the associations of the elements in the different soil types.  These 

associations of the elements are useful for delineating the bedrock types.  Univariate analysis in this study 

has confirmed Ba, Cs and Rb as elements that are significant in characterizing the two soil types.  

Anomalous occurrences of Cs and Rb and depletion of Ba were noticed in the eluvial soils while 

enhancement of Ba and depletion of Cs and Rb occur in the unbiased soils and hence these three elements 

have effectively characterized the two soil types. 
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Table 1:  Trace Elements Compositions (ppm) of Some Unbiased Soil Samples From the Study Area 

Sample No 1 4 7 10 13 17 21 24 32 35 39 Ave 

Ba 343 286 378 237 396 302 171 317 229 378 627 324 

Co <10 <10 <10 <10 <10 13 <10 <10 14 18 21 12 

Cu 18 17 17 22 17 27 21 16 36 31 30 22 

Cr - - - - - - - - - - - - 

Cs 12 <8 12 <9 <8 15 <8 8 <8 <8 <8 10 

Ga  10 9 18 13 10 13 14 8 21 16 18 13 

Mn 309 757 918 334 239 804 461 294 225 805 1149 515 

Ni 25 14 14 32 18 28 30 14 61 29 31 27 

Rb 49 53 178 54 41 59 50 33 66 51 95 63 

Sn - - - - - - - - - - - - 

Sr 41 42 65 19 43 14 13 43 108 62 52 45 

V 68 49 54 79 69 81 68 62 161 97 107 79 

Zn <40 <40 43 <40 <40 <40 <10 <40 85 55 65 43 

Zr 250 219 235 248 267 214 330 209 160 266 201 240 

 

Table 2: Trace Elements Compositions (ppm) of Some Eluvial Soil Samples From the Study Area 

Ele 11 13 15 19 110 112 116 118 120 122 124 Ave 

Ba 370 298 324 185 338 523 350 206 183 435 250 305 

Co 13 13 0 11 11 21 12 21 0 20 12 12 

Cu 28 30 25 22 30 44 25 43 14 38 29 30 

Cr 61 79 50 124 68 117 61 102 32 77 65 76 

Cs 9 0 0 184 0 64 9 279 0 10 13 52 

Ga 13 12 12 42 15 21 13 43 6 16 15 19 

Mn 568 344 377 270 364 861 545 471 328 706 277 465 

Ni 30 36 25 58 38 64 31 71 15 50 36 41 

Rb 63 58 58 342 53 189 65 513 24 84 63 138 

Sn 0 0 0 35 0 0 0 45 0 0 0 7 

Sr 61 54 43 60 43 50 65 56 56 65 40 54 

V 100 106 88 0 120 115 100 0 69 129 103 85 

Zn 52 51 0 63 50 106 44 90 0 73 46 52 

Zr 260 268 354 177 238 234 267 140 250 168 200 232 
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Table 3:  Trace Elements Bivariate Correlations in the Eluvial Soils and Unbiased Soil Samples 

Taken Generally in the Nasarawa Area 

 

               Eluvial Soils                           General Soils 

Rb and Ga 0.966 Ba and Zr 0.618 Rb and Ga 0.858 Ba and Zr 0.112 

Rb and Cs 0.962 Mn and Zn 0.587 Rb and Cs 0.592 Mn and Zn 0.411 

Cr and Ni 0.938 Cr and Ga 0.585 Cr and Ni 0.867 Cr and Ga 0.434 

Cr and V 0.933 Ba and Cr 0.552 Cr and V 0.922 Ba and Cr  0.184 

Ni and V 0.932 Mn and V 0.503 Bi and V 0.943 Mn and V 0.502 

Ga and V 0.925 Cs and Ba -0.666 Ga and V 0.536 Cs and Ba 0.257 

Ni and Zn 0.900 Rb and Zr -0.543 Ni and Zn 0.634 Rb and Zr -0.078 

Cs and Ga  0.881 Cs and Zr -0.526 Cs and Ga 0.366 Cs and Zr -0.113 

Ba and v 0.845 Ga and Zr -0.494 Ba and V 0.067 Ga and Zr 0.245 

Cr and Zn 0.844 Cs and Mn -0.431 Cr and Zn 0.663 Cs and Mn 0.230 

Rb and V 0.826 Rb and Mn -0.173 Rb and V 0.135 Rb and Mn 0.546 

V and Zn 0.793 Ga and Mn 0.165 V and Zn 0l727 Ga and Mn  0.611 

Ba and Mn 0.759 Ga and Ba -0.162 Ba and Mn 0.281 Ga and Ba 0.519 

Ga and Ni 0.723 V and Zr -0.128 Ga and Ni 0.520 V and Zr -0.312 

Rb and Ni 0.633   Rb and Ni 0.144   

 

Table 4: Univariate Analysis of Variance of the Soils Above the Barren and Mineralized Pegmatites. 

 Barren Pegmatites Mineralized Pegmatites 

  Mean 95% confidence     

Interval 

Mean  95% Confidence 

Interval 

 Element  

 

ppm Lower 

Bound 

Upper 

Bound 

ppm Lower        

Bound          

Upper 

Bound 

 Ba 420.0 360.0 480.0 250.9            190.9              310.9 

 Co 13.9 -46.1 73.9 9.3                -54.8               73.4 

 Cu 23.3 -36.7 83.2 31.4 -28.6            91.3 

 Cr - - - 76.8 20.2             133.3 

 Cs 13.5 -46.5 73.5 148.8 88.8             208.7 

 Ga 21.1 -36.4 77.7 30.0 -30.0            90.0 

 Mn 419.3 359.3 479.2 402.6 346.0           459.1 

 Ni 27.3 -32.7 87.2 47.7 -8.9             104.2 

 Rb 70.7 6.6 134.8 311.1 251.2           371.1 

 Sn - - - 32.1 -27.9            92.1 

 Sr 72.3 12.3 132.2 49.4 -10.6           109.3 

 V 82.8 22.8 142.7 36.9 -23.1           96.9 

 Zn 50.0 -10.0 100.0 63.6 3.7              123.6 

 Zr 234.1 174.1 294.1 173.0 113.0          233.0 



Academia Arena, 2009;1(5), ISSN 1553-992X, http://www.sciencepub.org, aarenaj@gmail.com  

 

 24 

 

 

Ilorin

Ilesha

Sokoto

Gusau

Kano

Zaria

Kaduna

Abuja 

Study 

Area   

Enugu
Lagos 

Maiduguri

Port-Harcourt 

Pan African 

NIGERIA 

BELT 

10o0o

10o

20o

0o

ATLANTIC 

OCEAN CONGO 

CRATON 
0 500 1000

50 100 150

Kilometres
Kilometres

LEGEND 

Faults 

Barren Pegmatites

Newly discovered rare-
metal pegmatites
Known rare-metal 
pegmatites

Major Cities / Towns 

Cretaceous – Recent 
sedimentary cover

Mesozoic ring complexes 
[Younger Granites]

Supracustal
(Schist belts)

Basement, Gneisses 
Migmatites and Pan-
African (Older) Granites

N

ATLANTIC OCEAN

6o

4o

8o

10o

12oN

6o 10o 16oE12o8o2o

WEST 

AFRICAN 

CRATON

 
 

                     Fig. 1: Geological Map of Nigeria Showing the Study Area (after Garba, 2003) 
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