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Abstract 

Kaolin is one of the most important industrial minerals whose application is 
dependent on its structure and chemical composition. This study makes an 
attempt to explore and determine the origin of kaolin deposits within and 
around Okpella, as well as to investigate the mineralogical and chemical 
compositions using the X-ray diffraction (XRD) and X-ray fluorescence 
(XRF) method. These were carried out with the intention of determining the 
most suitable applications for the clay mineral. It was observed that major 
phases in the clay samples from the three different deposits are kaolinite, mi-
crocline, illite/mica, plagioclase/albite and quartz. These phases were ob-
served in varied percentages. Samples from Ajego 2 show a marked absence 
of kaolinite but contain high concentration of plagioclase feldspar and quartz 
which permit its usage in the production of glass and iron industries. Further, 
the samples from Ajego 1 contain by far the highest concentration of kaoli-
nite, while the samples from Anegha consist of kaolinite, a mixed layer of il-
lite/mica, plagioclase, alkali feldspars, and albite which is necessary for pro-
ducing mullite fibers in ceramic matrix at a temperature of around 1400˚C 
and it is suitable in pigment production. The XRF result for Ajego2 and 
Anegha samples has Silica composition of 51.847 wt%, 32.540 wt% and 
37.295 wt% respectively and an alumina content of 14.962 wt%, 29.834 wt% 
and 20.227 wt% respectively. The trace amount of some of the oxides such as 
K2O, TiO2, Fe2O3 and SnO2 can help in the beneficiation process. 
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1. Introduction 

Clay is an abundant fine textured earthly powder produced by the weathering 
and disintegration of granite and feldspathic rocks [1]. It is richly found in soil, 
sedimentary rocks and hydrothermal deposits. One fundamental reason for the 
various applications of certain clay minerals is that the physical and chemical 
properties of clay minerals are dependent on its structure and composition. For 
example, the structure and composition of kaolin, smectite, and palygorskite and 
sepiolite are very different even though they each have octahedral and tetrahe-
dral sheets as their basic building blocks. However, the arrangement and com-
position of these octahedral and tetrahedral sheets account for major and minor 
differences in the physical and chemical properties of kaolin, smectites and pa-
lygorskite [2]. They possess certain properties that define their wide application 
for use, and this includes: plasticity, resistance to high temperature, malleability 
(can be shaped to any form), and complex composite formulations (adding sub-
stances to clay with a view to improving the properties and usefulness). Clays 
may be expandable and Non-expandable clay [3]. Expandable clay swells up 
when water is added to it, while non-expandable clay does not.  

At a moment in time such as now when the Nigerian government attempts to 
diversify its economy, the exploration of Kaolin deposit in Okpella and environs 
was undertaken. A proper understanding of the geochemical character of Kaolin 
in Okpella and environs has remained elusive over the years, thus the need for 
this study. Kaolin is a white, soft, plastic clay composed mainly of kaolinite, 
Al4(OH)8[Si4O10], and other related clay minerals such as nacrite and dickite [4]. 
Kaolin deposits are classified as primary or secondary according to their genesis; 
primary deposits originating in situ by alteration, whereas secondary deposits 
are of sedimentary origin [5]. Primary deposits are formed directly from hydro-
thermal alteration of volcanic and granitic rocks with examples as hydrothermal 
and volcanic clay types. Secondary clay deposits are products of weathering of 
pre-existing rocks, and subsequent alteration of the alumino-silicates into clays 
such as residual and sedimentary clays. However, clay can further be classified 
on the basis of genetic and industrial characteristics.  

The formation and localization of sedimentary clay are controlled by the loca-
tion of the sedimentary basin and the presence of weathered feldspar-rich rocks 
such as granite, syenite or gneiss adjacent to the basin, particularly rapidly erod-
ing paleo-topographic highs. Ideal conditions necessary to produce kaolinitic 
clays by means of chemical weathering are high rainfall, warm temperatures, 
lush vegetation, low relief and high groundwater table [6]. Thus, kaolin is eroded 
and transported by streams to a quiet, fresh or brackish water environment. Post 
depositional leaching, oxidation, and diagenesis can significantly modify the 
original clay mineralogy with improvement of kaolin quality [7]. Kaolin has a 
wide range of application among which is the ceramic industry. Each specific 
use, to which kaolin is put, requires that it possess certain specific properties. 
Kaolin is an important raw material with widespread industrial applications 

https://doi.org/10.4236/ijg.2019.103018


Omang et al. 
 

 

DOI: 10.4236/ijg.2019.103018 319 International Journal of Geosciences 

 

such as water treatment, as porcelain, cement and ceramics production [8] and 
equally as fillers for polymer, pigment in paint/inks and plastics/rubber [9] [10]. 
Some Pigments from kaolin offer opacity and brightness because they have the 
ability to scatter light. The degree to which the minerals scatter light depends on 
their intrinsic index of refraction and also on the structure they form in the 
coating. Titanium dioxide has high refractive index, strong absorption in the UV 
region of light spectrum and strong reflectance in the visible spectrum thereby 
giving it a very high light scattering properties which, when combined with its 
particle size creates an effective pigment for brightness and opacity [11]. Also, 
some organic pigment form from kaolin absorbs UV light thereby preventing it 
from damaging the binder in paint formation [12]. The aim of this study there-
fore is to characterize kaolin deposits within Okpella and its environs using the 
mineralogical and geochemical constituents of the major oxides present with a 
view to determining its applicability for industrial purposes.  

2. Description and Geology of the Study Area 

The study area is part of the western Nigerian schist belt (Figure 1). It is located 
within Latitude N07˚09' to N07˚27' and Longitude E06˚24' to E06˚64'. The study 
area is situated within the warm-humid tropical climate, which is characterized 
by a distinctive wet and dry season. The vegetation cover is of the Guinea Sa-
vannah type consisting of secondary vegetation in the form of scattered trees, 
shrubs and grass savannah. Generally, the vegetation has been tempered by hu-
man activities mainly for agricultural purposes. 

Regionally, the study area is part of the Pre-Cambrian Basement Complex of 
the south-western Nigeria. [13] identified five (5) major lithological units in the 
regional setting, they consist of the migmatite-Gniess Complex; slightly migma-
tised to unmigmatised para-schists and meta-igneous rocks consisting of pellitic  
 

 
Figure 1. Location map of the study area. 
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schist, quartzite, amphibolites, talcose rocks, meta-conglomerates, marbles, 
calc-silicate rocks; charnokitic rocks; the Older Granites suites comprising of 
rocks with granodiorite to true granite and potassium syenite; and unmetamor-
phosed dolerite dykes.  

3. Materials and Method 

A total of ten (10) samples were taken from three (3) different locations mostly 
from quarry pits where the kaolin is being mined within the study area (Figure 
2). The raw kaolin samples were selected to be representative of the different pe-
trographic varieties. This was made possible from field investigation where dif-
ferences are based on colour and grain sizes.  

Sample preparations involve the crushing of each of the non-homogeneous 
kaolin sample, to fine homogeneous sizes and were then pelletized. The 
SKYRAY-.EDX3600B X-ray fluorescence spectrometer equipment which applies 
XRF technology to conduct fast and accurate analysis of complex composition 
was used. The system detect elements between Sodium (Na, Z = 11) and Ura-
nium (U, Z = 92) with high resolution and fast analysis and subsequently pre-
sented in MS-EXCEL spreadsheet format. Also, portions of the pulverized ho-
mogeneous kaolin sample were loaded into the XRD sample holder. For this 
analysis, the equipment GBC eMMA XRD-equipped with a GBC enhanced 
mini-material analyzer was used. It employs the XRD technology to conduct 
material analysis using standard XRD reference data. The voltage and current 
were set to get appropriate power for X-ray source and the powdered samples 
were then analyzed, and sample relative to peak formation with standard XRD 
data reference was then presented as diffractographs. 
 

 
Figure 2. Sample location points within Okpella and its environs. 
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4. Results and Discussion 

From field characteristics of kaolin deposits from Ajego 1 area. The colour 
ranges from greyish dark to white (Table 1). The textures ranges from smooth to 
coarse grain, typically with silica composition (Figure 3(b)) while the deposit at 
Ajego 2 area are predominantly feldspars (Figure 3(a)). They appear pinkish 
with purple colorations and exhibit a generally smooth texture. The deposit at 
Dansa quarry situated in Anegha is mostly white (Figure 3(c)) but sometimes 
greyish and are found to co-exist with coal seams of varying thicknesses. 
 

 
Figure 3. (a) Felspars outcropping at Ajego 2; (b) Grey and white Kaolin outcrop at Aje-
go 1; (c) and (d) White to brown Kaolin outcrop at Anegha with thick lateritic cover. 
 
Table 1. Field descriptions of kaolin deposits in study area. 

S/N. 
Sample 
Code 

Colour Description Location 
Rock 
type 

1 L1S1 Grey 
Coarse texture with silica matrix 

and bands of plant remains 
Ajego 1 Kaolin 

2 L1S2 White Smooth chalky texture Ajego 1 Kaolin 

3 L1S3 Brownish-white Coarse texture with matrix of silica Ajego 1 Kaolin 

4 L1S4 Grey Smooth texture Ajego 1  

5 L2S1 Pinkish-white Smooth Ajego 2 Feldspar 

6 L2S2 
White with 

purple impurities 
Smooth Ajego 2 Quartz 

7 L2S3 White Smooth Ajego 2 Quartz 

8 L3S1 White-brown Smooth chalky texture Anegha  

9 L3S2 Grey 
Coarse with blank 

coal-like impregnation 
Anegha Kaolin 

10 L3S3 White-brown Smooth texture  Lignite 
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The results of the XRF analysis carried-out from Ajego 2 and Anegha samples 
indicates 10 major oxides (Table 2). Samples from Ajego 2 (L2S1) showed that 
the major component is silica (SiO2) with 51.847 wt%, and alumina (Al2O3) con-
tent of 14.962 wt%. There is a significant amount of K2O with 10.516 wt% com-
position indicating that there is an abundance of feldspar which correspond with 
macroscopic observation from field mapping that revealed the abundance of 
whitish feldspars in the Ajego 2 samples. This conclusion is further accentuated 
by the X-ray Diffraction results that presented a plagioclase feldspars along with 
quartz composition. Chemically, Anegha samples (L3S5 and L3S6) have a com-
paratively proportionate amount of silica to the alumina (Figure 4). The kaolin 
sample from L3S5 has silica (SiO2) composition of 32.540 wt% and alumina 
(Al2O3) of 29.834 wt%, while at L3S6 silica (SiO2) content is up to 37.295 wt% 
and alumina (Al2O3) content measuring 20.227 wt%. The amount of silica and 
alumina composition present in the samples obtained from Anegha is an indica-
tion that the tetrahedra to octahedra layers in the clay structure is approximately 
in the ratio 1:1, and this is typical of kaolin clays. 

The XRD results revealed that the Ajego 1 area consists mainly of kaolinite, 
with a mixed layer of illite/kaolinite and quartz (Microcline) as framework con-
stituents (Figure 5). Samples from the Ajego 2 area consists more of plagioclase 
and alkali feldspar, with albite and quartz composition (Figure 6). The anegha 
samples consist of kaolinite, mixed layer of illite/mica and the quartz (Micro-
cline) compositions (Figure 7). 
 

 
Figure 4. Plot of major oxide composition for Ajego 2 and two locations at Anegha. 

 
Table 2. Chemical composition of some selected samples from Ajego 2 and Anegha using 
XRF analysis. 

Locality 
Sample 
Code 

Sample Composition, wt% 

SiO₂ Al₂O₃ K₂O TiO₂ SnO₂ Rb₂O Fe₂O₃ P₂O₅ ZnO NiO 

Ajego 2 L2S1 51.847 14.962 10.516 0.000 1.521 0.788 0.658 0.282 0.122 0.082 

Anegha 
L3S5 32.540 29.834 0.000 2.772 2.007 0.000 1.466 0.309 0.178 0.117 

L3S6 37.295 20.227 0.000 1.029 2.000 0.000 0.740 0.544 0.165 0.116 
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Figure 5. XRD diffractograph for sample L1S1 in Ajego 1. 
 

 
Figure 6. XRD diffractograph for Sample L2S2 in Ajego 2. 
 

Kaolin and the clay mineral kaolinite are natural components of the soil and 
occur widely in ambient air as floating dust. Kaolinite is formed mainly by the 
decomposition of feldspars (potassium feldspars), granite, and aluminium sili-
cates. The type of clay mineral formed during the decay of rocks containing 
Al-silicates is influenced by the climate, the aluminium/silicon ratio, and pH. 
Conditions conducive for kaolinite formation are strong dissolution of Ca2+, 
Mg2+, and K+ and the presence of H+ at pH 4 - 5 [14]. Kaolinite quarries can be 
categorized according to the geo-historical age of the parent rock: 
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Figure 7. XRD diffractograph for samples L3S5 in Anegha. 
 

1) Pre-Cambrian (Ukraine, Spain, Czech and Slovak republics),  
2) Post-Cambrian (Cornwall, England, and Ural Mountains, Russia),  
3) Palaeo-volcanite (Meissen, Germany) and,  
4) Neo-volcanite (Tokaj Mountain, Hungary).  
Kaolin clays can also be categorized as either primary (1˚) or secondary (2˚) 

according to whether it is in situ at the place of formation or transported [15] 
[16]. Those from primary origin are formed mainly under tropical climatic con-
ditions, while kaolin of secondary origin is transported by different forces, water 
and wind. 

As a result, several kinds of minerals may occur in natural kaolin clays. For 
example, the kaolin of Cornwall, England, contains 10% - 40% kaolinite; the rest 
is made of quartz, mica, and feldspar. The kaolin of Georgia, USA, contains 85% 
- 95% kaolinite, as well as quartz, muscovite, and feldspar [17]. The Kaolin de-
posits of Okpella area (Ajego and Anegha) is of the Cornwall England type, be-
cause of its 10% - 40% kaolinite content (Figure 3 and Figure 5) and in terms of 
climatic factor the Zettlitz type is most likely attributable to the kaolinization 
process of the kaolin deposit in the study area. The presence of the thick lateritic 
cover further provides proofs to this claim (Figure 3(c) and Figure 3(d)). Con-
tacts between the kaolin concentrations and the overlying laterite cover are 
sharp, suggesting transport rather than in-situ decomposition. A sedimentary 
deposit of commercial importance may be produced wherein conditions are fa-
vourable for an adequate amount of the clay to be separated from associated 
non-clay material, deposited without appreciable “dilution” by other detritus or 
chemical precipitates and preserved from subsequent alteration or erosion [18]. 
Generally, the Kaolin occurs as white to light grey, with variable iron oxide 
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staining which results in red colouration in some places (Table 2). 
The presence of iron in the clay samples is clearly observed although in vari-

ous amounts; this has been supported by various studies as a rule rather than 
exception [19] [20] [21]. The Ajego 1 samples contain higher amount of kaoli-
nite (>50%) and illite compare to the other samples with a marked absence of 
feldspars in the deposit which must have been fully altered to the kaolinite. The 
sample clearly has an Illite clay mineral association. 

The Ajego 2 will except with the addition of some additive that will improve 
on their refractory properties, cannot be used to produce good refractory mate-
rials for high temperature applications because of its high feldspar content which 
favors a liquid phase formation and densification at low temperature [22] [23] 
[24] [24] [26]. Moreover, feldspars are important raw materials for ceramic and 
glass industries and chemical compositions; their alkali contents determine their 
quality and price [25]. The feldspars in the whole study areas are of the alkali 
feldspar composition. Industrial application of feldspars is based on their ability 
to fuse at relatively low temperatures to generate glass. This property enables its 
usage in the ceramics and glass industries. Also, the alkali feldspar is necessary 
for the production of liquid phase during sintering which accelerates reactions 
and contributes to the formation of high-temperature crystalline compounds 
and densification of ceramics [26]. Also the Dansa quarries samples in Anegha 
has a mixture of alkali feldspar (Figure 5) and kaolinite with mixed layer of il-
lite/mica minerals; this makes it unsuitable for the production of high tempera-
ture caliber refractories except with additives to improve its refractoriness. Illite 
as a major component in the Anegha sample is used mainly in the production of 
bricks, Portland and other cements, concrete, highway surfacing, ceramics tiles 
and glass [27]. Illite can also be used to coat welding rods because of its fluxing 
properties, it increases the plasticity and workability of the porcelain mass and 
produces superior end product by filling the gap in the kaolin crystals. [28] also 
suggested that illite could serve as a less expensive substitute for feldspar in ce-
ramics, while the general chemical composition of the Okpella kaolin is suitable 
in pigment production according to the standards in [29]. 

5. Conclusions  

1) This study has established the origin of the Okpella area kaolin to be of se-
dimentary-type formed by the decomposition of some igneous rocks and later 
transported and is deposited in its present position. 

2) The Okpella kaolin can be used for many industrial applications which in-
clude but are not limited to the production of ceramic tiles, Portland cements 
and as pigments in paint production, and as fillers for papermaking. 

3) Sufficient mineralogical and chemical characterization of the deposits re-
vealed the presence of the oxides SnO2, Fe2O3, ZnO and NiO. Even though they 
are in trace amounts, they will help the potential investor with an informed deci-
sion regarding beneficiation. 
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