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 The aim of this study is to determine the source area weathering and provenance of a 

residual clay samples overlying Precambrian basement complex in Southwestern, 

Nigeria. Fifteen representative clay samples were collected from three pits dug in three 

locations across the study area. The mineralogy and chemical composition of samples 

was analyzed using X-ray diffractometer (XRD) and inductively coupled plasma-mass 

spectrometer (ICPMS) techniques respectively. The results of mineralogical analyses 

indicates that kaolinite (1.4%) and nontronite (2.77%) are the major clay minerals present 

while the non-clay minerals include quartz, orthoclase, labradorite and albite. Chemical 

indices of alteration (CIA) and weathering (CIW) values of 76.02% and 89.9% 

respectively, low alkali and alkaline earth elements content derived from the samples 

implies a comparatively intense source area. Furthermore, plots of TiO2/Al2O3 indicate 

provenance of predominantly acidic rocks and high concentrations of Rubidium (Rb) and 

Strotium (Sr) in the samples with values ranging from 113.4-138.2 ppm and 218.3-229.2 

ppm respectively suggests ongoing chemical weathering of the clay body. The findings 

from this research through mineralogical composition, rare earth elemental normalized 

patterns, and ternary diagrams plotted implies that these samples are derived from felsic 

sources.  
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1. INTRODUCTION 

 

Clay mineralogy and concentration of chemical elements 

play a significant role in provenance studies [1-7]. Rare earth 

and trace element constituents in igneous and metamorphic 

rocks are employed both to predict the nature of the source 

materials, thereby providing information about their chemical 

and mineral composition [8-11]. Chemical make-up of various 

weathering products significantly depends on weathering rates 

which underscores numerous mobile elements during 

weathering, consequently evaluating prevailing chemical 

weathering conditions [12]. The elimination from solution of 

calcium (Ca), sodium (Na), and potassium (K) preferentially 

in the course of weathering because of their mobility means 

that these factors with respect to elements that are not easily 

removed provides a means in provenance to evaluating the 

level of chemical weathering [13].  

Weathering profiles on natural rocks have been 

recommended by some authors such as chemical index of 

alteration (CIA) proposed by Nesbitt and Young [14] which is 

interpreted as a conversion degree indicator for some feldspar 

group of rock-forming minerals to clay minerals like kaolinite. 

Meanwhile, Harnois [15] proposed a modification on CIA 

which was known as chemical index of weathering (CIW) 

which removed completely K2O from the equation of chemical 

index of alteration.  

Even though several researchers [16-22] have studied 

residual clay deposits especially in the Precambrian basement 

complex of Nigeria predominantly by evaluating their clay 

mineralogy, physicochemical properties as well as their 

geochemical characteristics for industrial suitability. However, 

there are limited publications on provenance studies and 

weathering history of these residual clay especially in the 

tropical forest belt area using rare earth and trace element 

geochemistry. This article aims to examine the major 

geochemistry, rare-earth and trace elements distribution of a 

residual clay in the basement complex rock of south western 

Nigeria in order to determine the weathering history and 

provenance.  

The remainder of this paper is organized as follows: Section 

2 introduces location and geological setting of the study area, 

Section 3 describes the sampling and the methods in this 

research, Section 4 presents the results conducted in the study, 

Section 5 discusses the analyses and implications of the results, 

and Section 5 entails the concluding part of the research and 

recommendations. 

 

 

2. LOCATION AND GEOLOGICAL SETTING 

 

The study area lies within the Precambrian basement 

complex of Nigeria which is situated within the Pan-African 

mobile belt of West Africa and Congo Craton. This area falls 

between latitudes 7° 25  ́N to 7° 32  ́N and longitudes 5° 53  ́

E to 5° 58  ́E and is accessible by roads and footpaths, Figure 

1. The terrain is gently undulating and few areas of the 

landscape can be viewed at a glance because of thick 

vegetation. The three major lithologies mapped based on field 
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observation consists of mixed suits of granites, granite 

gneisses and biotite gneisses. The biotite gneisses occupy the 

western part of the study area where they form ridges and 

undulating highland at the west end of the area. The granite 

gneisses occur as massive and extensive bodies trending from 

part of the north-west end and to the north-east end, 

representing about 50% of the entire study area. They 

outcropped as domes and high hills. They are leucocratic, 

medium-coarse grained and are partially weathered. Granites, 

on the other hand occurs as low lying bodies but partly buried 

with overburden and covers about 15% of the study area. This 

area is situated in the tropical rainforest belt of the country. 

Figure 1. Geological map of the study area 

3. SAMPLING AND METHODS OF STUDY

The fieldwork in this study entails collection of fifteen clay 

samples out of which twelve representative samples were 

subjected to analyses and test. The samples were collected 

from pits dug in three different locations across the study area 

of about 2-meter depth profile using point sampling method. 

Five clay samples were collected in each pit at 0.3 m sampling 

intervals and were put in sample bags and labeled 

appropriately in Figure 2. The scope and method of 

investigation include geological filed studies and collection of 

samples. The samples were subsequently air dried for several 

days after which they are disaggregated using a rubber headed 

pestle in an agate mortar. The pulverization of samples was 

done before being packaged and sent for clay mineralogy and 

chemical analysis. Clay mineralogy was undertaken using the 

x-ray diffraction technique (XRD). The XRD include those in

the bulk analyses, the clay fraction, ethylene glycol and heat

treated (600℃) clay fraction. Representative samples of the

different locations were evaluated and interpreted through

reference and comparison with standard powder data and

diagnostic patterns of appropriate minerals. The data obtained

were interpreted. This data was obtained from Joint

Committee on Powder Diffraction Studies [23] (JCPDS), and

the x-ray diffraction files by Chen [24]. Powder data files are

tabulated in 2θ values (lattice spacing) expressed in Armstrong

units (A) using reference conversion tables. The peak

intensities were tabulated against the 2θ values. Powdered

samples of the clay were analyzed using a Phillips-PW1800

model. Diffraction charts were recorded at a scanning rate of

1°2θ/min/cm, with a Ni-filtered Cu K-alpha radiation.

Inductively coupled plasma spectrometer (ICP-MS) method

was utilized to determine major and trace element composition.

These two analyses were conducted in ACME analytical

laboratory in Vancouver, Canada. 

Figure 2. Sampling profile of clay samples from the study 

area 

4. RESULTS

4.1 Mineralogical composition 

Mineralogical composition of the clay samples studied are 

presented in Table 1. The Mineralogical data revealed 

Nontronite and Kaolinite as the major clay minerals present in 

the samples. The diffractograms indicated an abundance of 

quartz as the major non-clay mineral. Other non-clay minerals 

include orthoclase, labradorite and albite in lesser amounts 

Table 1. 

Table 1. The mineralogical composition of Sosan clay 

MINERALS Percentage (%) 

Kaolinite 1.44 

Nontronite 2.77 

Labradorite 4.92 

Quartz 83.27 

Orthoclase 3.78 

Albite 2.81 

4.2 Geochemical Composition 

Major elements concentration of Sosan clay samples is 

presented in Table 2.  

Table 2. Average chemical composition (weight %) of Sosan 

clay 

Oxides (%) Mean (%) Range (%) 

SiO2 58.03 53.10-63.40 

Al2O3 13.38 13.72-17.22 

Fe2O3 7.66 7.15-8.00 

MnO 0.04 0.04-0.05 

MgO 0.83 0.55-1.12 

Na2O 0.70 0.67-0.72 

K2O 2.72 2.31-3.19 

TiO2 1.50 1.35-1.67 

P2O5 0.03 0.02-0.04 

CaO 0.80 0.66-0.92 

LOI 11.84 8.90-14.60 

CIA 79.43 73.5-81.1 

CIW 90.84 88.1-91.6 

RBL 2.65 2.45-3.40 

(La/Yb)cn 12.75 12.02-57.01 
Major elements as weight percentage (wt.) % and Relative base loss (RBL) = 

Al2O3/CaO+MgO+NA2O+K2O and TIO2/Zn X 100 
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The results revealed predominance of SIO2, Al2O3 and 

Fe2O3, SiO2 values from (53.10-63.40%), Al2O3 (13.72-

17.22%), Fe2O3 (7.15-8.00%), K2O (2.31-3.19), TiO2 (1.35-

1.67%) while Na2O, CaO, MgO, P2O5 and Cr2O5 all have 

values less than 1%. The predominance of SiO2 and Al2O3 

which constitute the bulk chemical composition of the Sosan 

clay is in line with its classification as hydrated aluminum 

silicates. 

 

 

5. DISCUSSIONS 

 

5.1 Mineralogy 

 

Conspicuous kaolinite and Nontronite peaks reflected at 

7.13A and 15.76A respectively while Quartz peaks are 

identified at 4.2A, 3.33A and 1.81A in Figures 3, 4 and 5 

respectively.  

 

 
 

Figure 3. Diffractogram of the clay sample of SOS 1 

 

 
 

Figure 4. Diffractogram of the clay sample of SOS 2 

 

 
 

Figure 5. Diffractogram of the clay sample of SOS 3 

The mineralogical data of the whole sample using the peak 

height ratio analysis indicate that the sample is composed of 

about 83.27% Quartz, 1.4% kaolinite and 2.77% nontronite 

and iron-rich montmorillonite clay of the smectite group, as 

showing Table 1. 

 

5.2 Whole rock geochemistry 

 

Major element abundances of calculated average values for 

SiO2 (58.03%), Al2O3 (13.38%) and Fe2O3 (7.66%) represents 

more than 70% of the bulk chemical compositions (Table 2) 

while CaO, MgO, Na2O, K2O, MnO, TiO2 and P2O5 have 

lower values. The high value of Fe2O3 (7.66%) is in likelihood 

due to tropical weathering and the lateritic horizon overlying 

the clay samples (Figure 2). the K2O average composition of 

2.72% indicates that feldspar has not been intensely weathered. 

The CIA and CIW values of 76.02% and 89.9% respectively 

suggests a felsic source and also implies a recycling process 

[17]. These indexes value indicates high (intensive) 

weathering of the source rocks as reported in the studies [25, 

26] that values of weathering indices more than 70% indicates 

weathering that is intensively high either at the source or 

during transportation before deposition.  

 

 
 

Figure 6. Discrimination diagram of the clay samples 

 

 
 

Figure 7. Relationship between SiO2 and K2O content 

 

The plots of SiO2 against K2O + Na2O revealed the rock 

from where the clay weathered falls within the zone of basaltic 

andesites and andesites rocks (Figure 6). The plot of SiO2 and 

K2O variations which was based on the classification by 

Wronkiewicz and Condie [27] indicated that the clay 
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samples/minerals fall within the zone of high-K Calc-Alkaline 

series (Figure 7). The presence of detrital orthoclase feldspar, 

albite and labradorite (rock-forming minerals) as revealed in 

the mineralogical data suggests that the clay samples has not 

yet reach maturity. Moderate chemical conditions are 

favorable for smectite mineral generation as it is evident in the 

low kaoloinite and smectite clay minerals present in the study 

area. However, high abundant quartz and presence of kaolinite 

probably suggests that the clay samples derived from felsic 

sources. The moderately low base loss (RBL) value (2.65%) 

in the clay samples is attributed to its siliceous nature because 

such mobile cations loss and enrichment of clay is 

characteristic of clays that form in tropical and sub-tropical 

environments. The high concentrations of rubidium (Rb) and 

Strontium (Sr) in the clay samples with values ranging from 

113.4-138.2 ppm and 218.3-229.2 ppm respectively suggests 

ongoing chemical weathering. Major elements, trace and rare 

earth elemental composition of the studied clay samples are 

presented on Tables 2, 3 and 4 respectively. There exists some 

sort of relationship between alkaline and alkali earth elements 

like calcium, sodium, potassium and magnesium during 

alteration of igneous rocks in the course of weathering. They 

both tend to deplete which leads to the enrichment of Al2O3 

[14]. The clay samples plot in a region close to high Al2O3 

contents in Figures 8a, b which indicates a comparatively high 

intensity. It seems that weathering has progressed to a 

significant stage by the removal of alkaline and alkali earth 

elements from the sediments. 

 

  
(a) [Al2O3-(CaO+Na2O)-K2O] (b) [Al2O3-(CaO+Na2O+K2O)-Fe2O3+MgO] 

 

Figure 8. Ternary plot of the studied clay samples 

 

Table 3. Composition of elements from clay samples in Sosan, Southwestern, Nigeria 

 
Elements (ppm) SOS 1 SOS 2 SOS 3 SOS 4 SOS 5 SOS 6 SOS 7 SOS 8 SOS 9 SOS 10 SOS 11 SOS 12 

Ba 1023 1180 1012 863 842 1117 1115 1192 938 1019 1154 979 

Co 10.6 9.4 17.3 17.0 17.5 12.2 12.5 10 17.2 14.9 11.3 16.1 

Ce 53.8 55.4 594.7 200.8 199.8 93.6 85.4 54.6 397.4 146.7 70 272.1 

Ga 19.7 18.5 28.5 24.5 23.7 21.6 21.7 19.1 26.5 22.7 21.7 20.4 

Hf 21.5 18.5 12.5 18.3 10.8 20.2 18.5 20.1 15.4 15.5 19.3 15.5 

Nb 33.6 33.8 34.4 30.9 28.6 34.7 32.9 33.7 32.7 31.7 33.3 32.2 

Yb 1.88 1.76 9.03 4.07 3.92 2.39 2.20 1.82 6.55 3.16 2.10 4.86 

Pr 6.49 6.51 196.2 32.33 32.10 13.16 12.11 6.50 114.27 22.63 9.31 68.45 

Rb 123.2 113.4 138.2 135.0 127.6 125.3 126.1 118.3 136.6 126.5 122.2 131.6 

Sc 9 9 14 14 13 11 10 14 9 12 10 11 

Sr 222.5 218.3 229.2 198.7 192.2 229.5 221.1 221.9 213.9 210.9 221.5 212.4 

Th 18.9 16.9 28.4 26.7 27.1 23.8 26.2 17.9 27.6 25.5 22.1 26.6 

U 4.4 4.1 3.3 3.2 3.5 4.7 5.2 4.3 3.3 4.1 4.8 3.7 

V 113 102 118 108 92 91 86 108 113 92 97 103 

Nd 21.3 20.9 701.7 117.7 112.2 44.1 39.7 21.1 406.7 78.2 30.4 242.5 

Zr 902.9 752.3 468.0 780.3 410.5 804.1 760.6 827.6 624.2 607.3 794.1 615.8 

Cs 1.8 1.7 2.7 2.3 2.4 2.2 2.1 1.8 2.5 2.3 1.9 2.4 

La 33.5 33.9 763.6 143.5 144.6 63.0 61.8 33.7 453.6 103.8 47.8 278.7 

Sm 3.52 3.37 113.7 17.93 18.25 7.18 6.58 3.45 65.82 12.72 5.02 39.27 

Y 15.7 13.4 182.8 51.8 52.9 24.0 23.3 14.6 117.3 38.5 18.9 77.9 

La/Sc 3.72 3.77 54.54 10.25 11.12 5.73 6.18 2.41 50.4 8.65 4.78 25.34 

La/Th 1.77 2.01 26.89 5.37 5.34 2.65 2.36 1.88 16.43 4.07 2.16 10.48 

Th/sc 2.1 1.88 2.03 1.91 2.08 2.16 2.62 1.28 3.07 2.13 2.21 2.42 

La/Yb 17.82 19.26 84.96 35.26 36.89 26.36 28.09 18.52 69.25 34.85 22.76 57.35 

Eu/Eu* 0.82 0.84 0.80 0.77 1.17 0.83 0.78 0.83 0.80 0.75 0.80 0.79 

(La/Yb)cn 12.02 12.98 57.01 23.77 24.87 17.77 18.94 12.49 46.7 22.16 15.35 38.66 
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Table 4. Clay element ratio ranges in this study in comparison with related fractions resulting from mafic, felsic rocks and UCC 

Elemental ratios Sosan Akoko Claya 
Range of sedimentsb 

Felsic rocks Mafic rocks 
Upper continental crust (UCC)c 

Post-Archean average shalec
 

(PASS) 

Th/Sc 1.28-3.07 0.84-20.5 0.05-0.22 0.79 0.9 

Th/Co 1.55-2.09 0.67-19.4 0.04-1 0.63 0.63 

La/Sc 2.41-11.12 2.5-16.3 0.43-0.86 2.21 2.4 
Note: a This study; b [28], [29]; c [30]. 

5.3 Trace element geochemistry 

Figure 9. UCC normalized for trace elements of clay 

samples from the study area 
Source: modified after [31] 

Table 5. Average trace element chemical composition (in 

ppm) in comparison with some world standards 

Elements (ppm) Sosan Clay PASS NASC UC 

As - - - - 

Ba 1036.16 650.00 636.00 550 

Sr 216.01 200.00 142.00 350 

Ni - 55.00 58.00 - 

Co 13.83 23.00 25.7 10 

Cu - 50.00 - - 

Zn 39.17 85.00 - 71

V 101.92 150.00 130.00 60

Zr 695.64 210.00 200.00 190

Mo - - - - 

Nb 32.71 1.90 13 25 

Pb 10.95 20.00 - 15.0

Rb 127 160.00 125 110.2

Th 23.98 14.60 12.3 10.7

U 4.04 3.10 2.66 2.8

The clay samples revealed that Co, Nb, Rb, Th, Sr, Zr and 

Ba contents are similar to and in some cases higher compared 

to Average North America shale (NASC), Post-archean 

average shale (PASS) and Upper continental crust (UCC) 

values (Table 5). However, the contents of Pb, V and Zn in the 

samples have low values compared to NASC, PASS and UCC. 

The low values of these elements even though they are 

commonly associated with clay minerals could be ascribed to 

the high contents of quartz mineral as well as the parent rock, 

(Tables 1, 2 and 3). This corroborates with the submissions of 

[17, 32] and [33] of the selective leaching of small cations like 

sodium, calcium, and strontium from weathering sequence, 

while cations with comparatively large ion radii such as 

potassium, Cesium, Rubidium and Barium may be fixed by 

preferential interchange and clay absorption. Consequently, 

the conditions of weathering were more intense essentially 

before sedimentation occurs in the source area. There exists a 

significant difference in ratios of La/Sc, Th/Sc and Th/Co 

present in felsic and basic rocks and thus developing 

limitations on normal provenance composition [28, 29]. 

Therefore, this study made a comparison of Th/Co, Th/Sc and 

La/Sc ratios of clay samples to basic and felsic rock derived 

from sediment (fine fraction) of upper continental crust (UCC) 

(Table 4). Trace elements concentration derived from the clay 

samples evaluated were normalized to average values for UCC 

[30]. The clay samples studied normalized to the UCC 

normalized pattern, indicates that Sr is lower but Ba higher in 

comparison to the values of UCC, Figure 9. This may be 

ascribed to mobile elements during high hydration energies 

and the process of weathering [31]. 

5.4 Rare earth elements (REEs) geochemistry 

The REEs analysis are summarized in Table 6. The clay 

samples have similar REEs concentrations. The samples have 

pronounced negative Europium (Eu) anomalies (Eu/Eu*), 

ranging from 0.77 to 1.17. The Eu anomaly parallels the 

depletion in Na2O and CaO, providing a clue that it must have 

been occasioned at least in response to partial weathering of 

plagioclase feldspar which serves as host for most of the Eu. 

LREE enrichment and negative Eu anomaly reveals their 

crustal abundance, while HREE depletion is because of their 

capacity to form complexes that are soluble in sea water. The 

Eu anomaly in sedimentary rocks is usually interpreted as 

being from igneous source rocks [30-33]. The clay samples 

studied indicates similar patterns with the NASC but the 

HREE content differs in comparison to UCC, Figure 10. High 

ratios of LREE/HREE (Tables 6 and 7) and negative 

anomalies of Europium are consistent with sediments of felsic 

provenance whereas, mafic rocks have lower LREE/HREE 

and none or small Eu anomalies [34]. Chondrite-normalized 

ratio of La/Yb varies from 12.02 to 38.66 (Table 3), with most 

sediments having values that are higher than those of PASS 

and UCC. The relative abundance in the HREEs in comparison 

to LREEs may be as a result of high concentration of heavy 

minerals like Zircon (Zr) having values ranging from 168.0 

ppm to 752.3 ppm in clay samples which is highly resistant to 

weathering. 

Figure 10. Plots of Chondrite-normalized rare earth elements 

for the studied clay samples 
Source: modified after [31] 

10^ 0

10^ 1

10^ 2

10^-1

Rb Ba Th U K Nb La Ce Sr Nd P Hf Zr Sm Ti Tb Y Tm Yb
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Table 6. Average rare earth elements chemical composition 

(in ppm) compared with some world averages 

 
Element 

(ppm) 

Sosan 

Clay 
NASC UC PASS 

La 180.13 31.1 30.64 38.20 

Ce 185.36 64 67.05 79.60 

Pr 43.34 - 7.1 8.83 

Nd 153.04 30.4 26 33.90 

Sm 24.74 5.98 4.5 5.53 

Eu 5.26 1.24 0.88 1.08 

Gd 16.57 5.5 3.8 4.66 

Tb 23.98 0.85 0.64 0.74 

Dy 10.59 5.54 3.5 4.68 

Ho 1.87 - 0.8 0.99 

Er 4.62 3.27 2.3 2.85 

Tm 0.65 3.11 2.2 0.41 

Lu 0.53 1.46 1.43 0.43 

Y 52.59 35 22 - 

Sc 11.33 14.9 11 - 

 

5.5 Provenance 

 

Clay mineralogy indicates that kaolinite and nontronite of 

the smectite group are the major clay minerals in the studied 

clay with abundant quartz. This implies that the clay sample is 

derived mainly from felsic sources of granitic basement rocks 

[35]. The plots of TiO2 against Al2O3 indicated provenance of 

the studied clay samples from predominantly acidic rocks 

where samples plotted in the zones between 

granite/rhyolite+basalt and granite/rhyolite, Figure 11. The 

chemical indices of alteration (CIA) and weathering (CIW), 

which varies from 73.5% to 81.1% and 88.1% to 91.6% 

respectively point toward a felsic source and probably 

suggests sediment recycling process [17]. The REE 

distribution patterns in the sediments slightly have a high ratio 

value of 25.23% (La/Yb) and negative Eu anomaly. These 

characteristics indicates the original source area was felsic and 

the negative Eu anomaly (0.83%) is regarded as evidence for 

a differentiated source similar to granite [36]. The plot of 

chondrite-normalized REEs and the ratios of LREE/HREE in 

Table 7 and Figure 7 revealed the enrichment of the clay 

samples with LREE and negative Eu anomalies. This is 

consistent with sediments that is associated with felsic 

provenance. Th/Sc ratios range from 1.28-3.07 ppm and La/Th 

from 1.77-26.89 ppm and therefore, suggests a combined 

sources of sediments. The La-Th-Sc illustration in Figure 12, 

adopted principally in this study to differentiate sources 

between basic and felsic rocks of the fine grained sediments 

[37, 38]. This plot revealed that the plotted data fall in the 

region which implies that the source is primarily felsic but 

does not exclude a possible combined sources between basic 

and felsic rocks. The plotted data are clustered between La-Th 

but at a point nearer to La than to Th and some of the plotted 

data close to UCC and NASC values. This indicates the 

removal of La, Th, and Sc from the weathered profiles. Hence, 

clay mineralogy, major oxides, rare earth and trace elements 

indicates the studied clay samples were predominantly 

derivatives of felsic sources. 

 

 
 

Figure 11. TiO2/Al2O3 binary plot of studied clay samples 

 

 
 

Figure 12. La-Th-Sc ternary plot of the clay samples 
Source: modified after [38] 

 

Table 7. Composition rare earth elements of Sosan clay samples from southwestern Nigeria 

 
LREE (ppm) SOS1 SOS2 SOS3 SOS4 SOS5 SOS6 SOS7 SOS8 SOS9 SOS10 SOS11 SOS12 

Ce 53.8 55.4 594.7 200.8 199.8 93.6 85.4 54.6 397.4 146.7 70.1 272.1 

Nd 21.3 20.9 701.7 117.7 112.2 44.1 39.7 21.1 406.7 78.2 30.4 242.5 

La 33.5 33.9 763.6 143.5 144.6 63 61.8 33.7 453.6 103.8 47.8 278.7 

Sm 3.52 3.37 113.7 17.93 18.25 7.18 6.58 3.45 65.82 12.72 5.02 39.27 

HREE (ppm)             

Sc 9 9 14 14 13 11 10 14 9 12 10 11 

Y 15.7 13.4 182.8 51.8 52.9 24 23.3 14.6 117.3 38.5 18.9 77.9 

LREE/HREE Ratios (ppm)             

Ce/Sc 5.98 6.16 42.48 14.34 15.37 8.51 8.54 3.9 44.16 12.23 7.1 24.74 

Ce/Y 3.43 4.13 3.25 3.88 3.78 3.9 3.67 3.74 3.39 3.81 3.70 3.49 

La/Y 2.13 2.53 4.18 2.77 2.73 2.62 2.65 2.31 3.87 2.69 2.53 3.58 
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6. CONCLUSIONS 

 

Clay samples from southwestern Nigeria was evaluated for 

its mineralogical, major geochemistry and behavior of rare 

earth elements (REEs) and trace elements. This was done to 

determine weathering history and provenance. Fifteen clay 

samples were collected from the study area and thereafter 

subjected to mineralogical and chemical analyses. Field 

evidences revealed that the clay samples are products of insitu 

weathering of granite, granite gneiss and biotite gneiss. 

Mineralogical composition based on X-ray diffraction studies 

indicate that the clay is dominated by nontronite and kaolinite 

whereas quartz is the major non-clay mineral. Orthoclase, 

labradorite and albite are present in minor amounts. The 

chemical index of alteration (CIA) varies from 73.5% to 

81.1% and chemical index of weathering (CIW) values 

ranging from 88.1% to 91.6% implies more of felsic sources. 

The presence of detrital orthoclase feldspar, albite and 

labradorite (rock-forming minerals) as revealed in the 

mineralogical results implies that the clay sample has not yet 

reached maturity. Moderate chemical weathering conditions 

are the most conducive to smectite mineral generation as it is 

evidenced in the low kaolinite and smectite (nontronite) clay 

minerals present in the samples. However, high abundant 

quartz and presence of kaolinite probably indicates that the 

sediments are derivatives of felsic sources. The relative high 

concentrations of Rb and Sr in the clay samples with values 

ranging from 113.4-138.2 ppm and 218.3-229.2 ppm 

respectively suggest ongoing chemical weathering. The 

chondrite-normalized REE plot further infers that the 

LREE/HREE ratios are enriched in LREE, with negative Eu 

(0.83%) anomalies consistent with sediments of felsic 

provenance. In addition, La-Th-Sc diagram implies that the 

region where the plotted data of the clay samples falls were 

mostly felsic source. Based on the interpretation of results in 

this study, it is recommended that major, immobile trace and 

rare-earth element geochemistry with appropriate 

discriminatory diagrams can be adapted for provenance, 

weathering signatures and history as well as to determine the 

tectonic settings of clay bodies. 
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