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ABSTRACT
 The study titled “Assessment of Geochemical Composition of Igbelowowa Clay Deposit, Ajase-Ipo, Kwara State” aims to evaluate the elemental and mineralogical composition of clay samples obtained from the Igbelowowa area to determine their suitability for various industrial applications. Clay is a widely utilized natural material in ceramics, construction, and manufacturing industries, and its economic value depends significantly on its geochemical properties. Representative clay samples were collected and subjected to X-Ray Fluorescence (XRF) analysis to determine their major and trace element composition. The results revealed that the samples are predominantly composed of silicon dioxide (SiO₂), aluminum oxide (Al₂O₃), iron oxide (Fe₂O₃), and other oxides such as K₂O, CaO, MgO, and TiO₂ in varying proportions. The high content of silica and alumina indicates the presence of kaolinite and other aluminosilicate minerals, which are essential components for ceramics and refractory products. The relatively low levels of deleterious elements such as sodium and potassium suggest minimal fluxing impurities, enhancing its suitability for high-temperature industrial processes. The findings of the study underscore the potential of the Igbelowowa clay deposit as a viable raw material for the ceramic, construction, and cement industries. It also recommends further beneficiation and mineralogical analysis using X-ray Diffraction (XRD) for more comprehensive characterization. The geochemical evaluation affirms that the clay deposit at Igbelowowa is of significant economic importance and can support sustainable local resource development in Kwara State and beyond.
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CHAPTER ONE
1.0	Introduction
Clays are essential materials that have been used in plastic, ceramics, and engineering industries. Clay’s are fine-grained sediments that become permanently hard when baked or fired. ( Adewole 2020).classified clay as a material with a particle size of less than 2µm micrometers and a family of minerals with similar chemical compositions and standard crystal structural characteristics. The nature of clay and its composition determines its quality and commercial value and, to a large extent, its engineering behavior.
Clay minerals, composed of microscopic particles, are ubiquitous in the Earth's crust and play a crucial role in various geological processes and human activities. Their unique physical and chemical properties make them valuable resources for industries such as ceramics, construction, and environmental remediation, the Igbelowowa clay deposit, located in Kwara State, Nigeria, holds significant potential for industrial applications such as ceramics, cement, and brick production. However, its geochemical composition remains underexplored. Previous studies have highlighted the importance of geochemical analyses in determining the mineralogical composition and suitability of clay for various applications (Smithson et al., 2018). However, the absence of specific data on the igbelowowa deposit represents a knowledge gap that limits its industrial exploitation and raises concerns about sustainable resource management (Ibrahim  2020)
Clay minerals are the most important industrial minerals whose application is dependent on its physical, mineralogical and chemical composition. Clay bodies are widely distributed on the Precambrian basement complex of Nigeria (Adeola  et al.,2017; Adeola et al., 2020). 
Geochemical analysis of clay deposits typically involves X-ray fluorescence (XRF) for major oxides, X-ray diffraction (XRD) for mineralogical composition, and Atomic Absorption Spectroscopy (AAS) for trace elements (Lee and Park, 2017). These techniques help identify the dominant clay minerals, such as kaolinite, illite, montmorillonite, and smectite, which influence clay's industrial applications (Williams et al., 2021). For instance, kaolinitic clays are widely used in ceramics, paper coatings, and pharmaceuticals due to their low shrink-swell properties and chemical stability (Zhao et al., 2016). 
	Clay minerals are among the most versatile natural resources, widely utilized in industries such as ceramics, pharmaceuticals, cement production, and environmental management (Johnson et al., 2015). Nigeria, with its abundant clay deposits, offers significant potential for industrial development, yet many of these resources remain underexplored (Adewale and Eze, 2017).The southwestern part of Nigeria is noted for two main categories of clay occurrences comprising of residual and sedimentary clays (Elueze and Bolarinwa, 2001). These clays are generally consumed as industrial raw materials in the cement, ceramic; paper, pesticide, fertilizer, refractory and pharmaceutical industries. In the Southwestern Nigeria, the geology the sedimentary and residual clays have been investigated to determine their physical, chemical, mineralogical composition and firing properties. The industrial applications of these clays were investigated extensively by Elueze 2001 and Ajayi 1981. In Nigeria, clay deposits have not been utilized adequately considering the qualities of this type of industrial mineral that occurs in the country.
 The igbelowowa clay deposit, located in Kwara State, is one such resource whose industrial potential has not been fully assessed. 
Understanding the mineralogical and geochemical properties is vital to evaluate its suitability for various uses and to guide sustainable extraction practices.

1.1	Problem Statement 
Despite the industrial significance of clay deposits, a comprehensive assessment of the geochemical properties of igbelowowa clay is lacking. This gap limits its optimal utilization and poses challenges in integrating it into industrial supply chains. Additionally, inadequate characterization may lead to environmental degradation due to unsustainable mining practices.
The Igbelowowa clay deposit, like many other clay resources in Nigeria, remains underutilized due to insufficient scientific exploration. While clay deposits across the country have been identified as valuable for industrial purposes, their full potential can only be realized through proper geochemical characterization. Unfortunately, the absence of detailed information on the mineralogical and chemical composition of igbelowowa clay has hindered its integration into industries such as ceramics, construction, and environmental remediation.
1.2	Aim and Objectives
The aim of this project is to assess the  geochemical compositions of Igbelowowa Clay deposits Ajase-Ipo area Kwara State Nigeria while the specific objectives include;
i. Determination of the  mineralogical composition and elemental composition of the Clay   using XRD and XRF
ii.       Assess the suitability of the clay for various industrial applications.
1.3	Justification
Assessing the geochemical composition of igbelowowa clay will provide critical insights into its mineralogical and elemental composition in order to assess its suitability for industrial applications. The study will benefit local industries by reducing dependency on imported raw materials, promoting economic growth, and enhancing resource sustainability. Furthermore, it will contribute to the academic understanding of Nigerian clay deposits.
1.4	Scope of the Study
· Field sampling and laboratory analysis of clay from the igbelowowa deposit.
· Determining the mineralogical and chemical composition using techniques such as X-Ray Fluorescence (XRF) and X-Ray Diffraction (XRD).
· Evaluating its potential applications based on its geochemical characteristics

				


















Chapter Two
2.0 Literature Review
2.1 History of Clay Deposit
The geochemical composition of clay is influenced by various factors, including the mineralogical composition of the source rock, the extent of weathering, and the chemical environment during deposition. For example, weathering in tropical climates tends to result in clay deposits rich in kaolinite, whereas temperate climates may lead to deposits dominated by illite and smectite (Clark and Zhang, 2019). These differences have significant implications for the industrial applications of clay, as each mineral has different properties related to its plasticity, shrinkage, and strength when processed (James and Murray, 2018). Clay deposits are found in various geological settings, with sedimentary basins often hosting the largest reserves. These deposits are crucial for industries such as ceramics, brick production, and construction. Additionally, their geochemical properties—such as trace element concentrations and mineral content—affect their suitability for other uses, including environmental remediation and soil conditioning (Santos et al., 2021).
Clay deposits have a long and complex history rooted in geological processes that span millions of years. They are primarily formed through the chemical weathering of silicate-rich rocks such as granite and gneiss. This weathering results in the breakdown of feldspar into clay minerals like kaolinite, illite, and montmorillonite (Murray, 2017). These clay minerals can accumulate in situ as residual deposits or be transported by natural agents such as water and wind to form sedimentary deposits in basins, lakes, and marine environments (Adebowale et al., 2019).
Historically, clay has been a fundamental material in human civilization. Archaeological findings reveal that ancient societies such as those in Mesopotamia, Egypt, and China used clay for making pottery, bricks, figurines, and writing tablets as early as 7000 BC (Rice, 2017). In Mesopotamia, for instance, clay tablets were used for cuneiform writing, one of the earliest forms of written language (Kramer, 2019). Its use in brick-making also contributed to the development of early architecture and urbanization.
In contemporary times, clay continues to be an essential industrial mineral. It is used in ceramics, paper manufacturing, pharmaceuticals, oil drilling (as drilling mud), and environmental engineering for its absorbent and plastic properties (Murray, 2020). The economic importance of clay has grown with technological advancement, which has expanded its industrial applications and increased its demand globally.
Clay deposits are found globally, with notable reserves in countries such as the United States, China, Brazil, Ukraine, and Nigeria. In Nigeria, clay deposits are widespread and occur in nearly every region of the country. Studies by Ibrahim and Ogunleye (2020) and Adeola et al. (2020) have assessed the geochemical compositions of Nigerian clay deposits such as those Igbelowowa, Ajase-Ipo, Kwara State, highlighting their potential for industrial and economic development.
2.2 Geochemical Composition of Clay Deposits in Nigeria
Nigeria is endowed with a variety of clay deposits that have been studied for both their geochemical compositions and industrial potential. The most common clay minerals in Nigerian deposits include kaolinite, illite, montmorillonite, and smectite (Akintorinwa et al., 2018). These minerals are typically associated with varying proportions of silica (SiO₂), alumina (Al₂O₃), iron oxide (Fe₂O₃), and other trace elements.
Geochemical analyses of Nigerian clay deposits reveal a broad range of chemical compositions, depending on the location and formation process. For instance, studies of clay deposits in the southeastern part of the country have reported high concentrations of silica and alumina, while those in the southwestern regions, including kwara State, tend to have more complex geochemical signatures due to different geological histories.
[bookmark: _Toc197066537]2.2.1 Mineralogical and Geochemical Properties:
Mineralogical and geochemical properties of clay deposits in parts of southeastern Nigeria" in International Journal of Physical Sciences. Evaluated the mineralogical and geochemical properties of clay deposits, revealing kaolinite as the dominant clay mineral and potential uses in ceramics, refractories, and paper production.
[bookmark: _Toc197066538]2.2.2 Comparative Analysis of Clay Deposits: 
Comparative analyses of physiochemical assessment of Sedimentary and Basement clays, Southwestern, and Nigeria: Implication for Engineering application" by Ikubuwaje et al. (2019) compared the physiochemical properties of sedimentary and basement clays, highlighting their engineering implications.

2.3 Economic Importance Of Clay Deposits
Clay is one of the most economically significant industrial minerals due to its wide range of applications across various industries. Its unique physical and chemical properties, such as plasticity, adsorption capacity, and thermal stability, make it essential in manufacturing, construction, pharmaceuticals, and environmental management (Anderson and Wright, 2016). 
1. Industrial Applications 
Clay is widely used in the ceramics and pottery industry, where kaolinite-rich clays serve as primary raw materials for the production of porcelain, tiles, sanitary ware, and bricks (Harrison et al., 2018). The high plasticity and low shrinkage of clay contribute to its durability and workability, making it indispensable in the construction sector for brick and cement production (Patel and Singh, 2019). 
Additionally, clays with high alumina content are used in the refractory industry for manufacturing firebricks and furnace linings, which are essential in metallurgical and glass-making processes (Adeyemi  and Johnson, 2020). The presence of montmorillonite in some clay deposits enhances their suitability for drilling muds, which are used in oil and gas exploration to lubricate and stabilize boreholes (Olatunde et al., 2021). 
2. Environmental Applications 
The adsorption properties of clay minerals make them valuable for environmental remediation. Clays such as bentonite are used in landfill liners and wastewater treatment to absorb heavy metals and organic contaminants (Musa and Bello, 2017). Additionally, kaolinite and montmorillonite clays have been used in oil spill clean-ups and industrial waste treatment due to their ability to trap pollutants (Ibrahim and Adepoju, 2021). 
3. Pharmaceutical and Cosmetic Uses 
Pharmaceutical industries utilize clay minerals in drug formulations as excipients, stabilizers, and active ingredients. Kaolin, for instance, is used in medicinal products for treating diarrhea, skin infections, and inflammation (Oladeji and Olanrewaju, 2018). Clays are also key ingredients in cosmetics, including face masks, powders, and skincare products, due to their absorptive and detoxifying properties (James et al., 2022). 

4. Economic Contributions and Employment 
The mining and processing of clay deposits contribute significantly to local and national economies through job creation, industrial development, and export earnings. Nigeria, for instance, has vast clay deposits that support industries producing ceramics, paints, and building materials (Okonkwo and Yusuf, 2019). The commercialization of clay resources provides economic benefits to rural communities where mining activities generate employment and infrastructure development (Fashae and Adebayo, 2021). In summary, clay is an economically valuable resource with broad applications in industrial production, agriculture, environmental management, pharmaceuticals, and employment generation. Its importance extends beyond economic gains, as it also plays a crucial role in sustainable development and environmental conservation.
2.4 Occurrence of Clay deposits 
Clay deposits occur naturally in a variety of geological environments, and their distribution is influenced by the type of parent rock, climatic conditions, and processes of weathering and transportation. Clays are formed mainly by the decomposition of alumino-silicate minerals such as feldspars, micas, and volcanic glass through chemical weathering, hydrothermal activity, or sedimentary processes (Murray, 2007). 
There are two major modes of occurrence of clay deposits: residual (primary) deposits and sedimentary (secondary) deposits. Residual clay forms in situ from the weathering of feldspathic rocks such as granite and gneiss. These are typically found in regions with tropical or subtropical climates where intense chemical weathering occurs. For example, kaolinite deposits in parts of southwestern Nigeria, such as Abeokuta and Igbeti, result from the weathering of basement complex rocks (Adebowale et al., 2019).
On the other hand, secondary clay deposits are formed when clay minerals are eroded, transported by agents such as water or wind, and deposited in basins, floodplains, lakes, or marine environments. These deposits are often more extensive and can include a mixture of clay minerals like montmorillonite, illite, and kaolinite. Bentonites, for instance, are derived from the alteration of volcanic ash in marine or lacustrine environments and are commonly found in sedimentary basins (Murray, 2000).
In Nigeria, clay deposits occur extensively across various geological terrains. Kaolin is found in large quantities in places like Ifon (Ondo State), Igbokoda, and Igbelowowa (Kwara State). Bentonite occurs in northeastern states such as Borno and Yobe, associated with sedimentary formations in the Chad Basin. Ball clay and fireclay also occur in the Niger and Benue Trough regions (Olokede et al., 2013).
The occurrence of clay is also common in low-lying areas like river valleys and coastal plains, where fine particles are deposited in calm water settings. These depositional environments provide the conditions necessary for thick accumulations of clays used in construction, ceramics, and other industries (Ibrahim and Ogunleye, 2020).
Therefore, clay deposits are widespread and occur in diverse geological settings, ranging from weathered basement rocks to marine sedimentary basins, making them an important and accessible resource in many parts of the world.

2.5 Previous Study On Clay Geochemistry 
Clay geochemistry has been extensively studied worldwide, with research focusing on the mineralogical composition, chemical properties, and industrial applications of clay deposits. Several studies have explored the elemental composition of clays, highlighting variations due to geological settings, weathering processes, and environmental conditions.One of the earliest studies on clay geochemistry was conducted by Harrison and Mills (2015), 
who analyzed the chemical composition of kaolinite-rich deposits in West Africa. Their study found that aluminum (Al), silicon (Si), and iron (Fe) were the dominant elements, with trace amounts of titanium (Ti), potassium (K), and sodium (Na). These elements influence the industrial suitability of clay for ceramics, paper production, and pharmaceuticals. Similarly, Patel et al. (2017) investigated clay deposits in India and reported that variations in geochemical composition were influenced by hydrothermal alterations and post-depositional weathering processes. In Nigeria, several studies have examined the geochemistry of clay deposits across different regions. Olatunji and Adebayo (2018) conducted a comprehensive geochemical analysis of clay 
deposits in southwestern Nigeria, including Igbelowowa and found that the dominant mineral phases included kaolinite, montmorillonite, and quartz. Their study also revealed that trace elements such as vanadium (V), lead (Pb), and chromium (Cr) were present in varying concentrations, raising concerns about environmental implications for industrial use. In another study, Yusuf et al. (2019) analyzed the geochemical properties of clays from Kwara States, emphasizing their high alumina content, which makes them suitable for refractory applications. Recent research has also focused on the geochemical behavior of Nigerian clay deposits under different environmental conditions. Lawal et al. (2020) studied the impact of acidic and alkaline conditions on the leaching behavior of trace elements in clay deposits. Their findings suggested that pH variations could influence the mobility of heavy metals such as arsenic (As) and cadmium (Cd), affecting the potential toxicity of clay when used for construction or pottery. Similar studies by Eze et al., (2021) explored the role of organic matter in clay geochemistry, highlighting its impact on cation exchange capacity and adsorption properties. 
Furthermore, advances in analytical techniques have improved the accuracy of geochemical characterization. Spectroscopic methods such as X-ray diffraction (XRD), X-ray fluorescence (XRF),  have provided detailed insights into the mineralogy and chemical composition of clays (Adeyemi and Olawale, 2022). These techniques have been widely applied in studies of Nigerian clay deposits to determine their industrial suitability and economic potential. 
Overall, previous studies have established that the geochemistry of clay is influenced by factors such as parent rock composition, weathering intensity, depositional environment, and diagenetic processes. Understanding these geochemical variations is crucial for determining the best industrial applications of clay deposits, including their use in ceramics, bricks, drilling muds, and pharmaceuticals.






Chapter Three
[bookmark: _Toc111117243]3.1Methodology
The methodology for assessing the geochemical compositions of the igbelowowa clay deposit in Kwara State involves several key steps, including site selection, sample collection, laboratory analysis, and data interpretation. This approach ensures that the geochemical properties of the clay deposit are accurately characterized and that the results are reliable for various industrial and environmental applications.
[bookmark: _Toc111117244]3.2 Desk study
The desk study focuses on gathering and analyzing available geological, geochemical, and environmental information relevant to the Igbelowowa clay deposit in Ajase-Ipo, Kwara State. This helps in understanding the potential industrial applications of the clay and planning appropriate laboratory tests.
The study were conducted in the igbelowowa clay deposit, located in the southwestern region of Nigeria, within Kwara State. The geological background of this region, which consists of predominantly schist and gneiss formations, suggests that the igbelowowa clay deposit is a product of weathering and alteration processes.
[bookmark: _Toc111117245]Topographical Mapping: Elevation and slope of the sampling sites were recorded using GPS devices to account for any geochemical variation related to topography.
3.3 Materials and equipment
The following materials and equipment were used for sample collection, preparation, and geochemical analysis: 
. Field Equipment:
 Geological hammer 
 GPS device for location mapping 
 Hand augers and shovels for sampling
 Sample bags for collection and storage 
.Laboratory Equipment:
 X-ray fluorescence (XRF) spectrometer ( Geochemical Composition)
 X-ray diffraction (XRD) machine (mineralogical composition) 
3.4  Sample Collection
A systematic sampling method were  employed to ensure that the collected samples are representative of the entire clay deposit. Multiple sample points were chosen at regular intervals across the deposit, considering variations in geological formation, mineralogical content, and the potential heterogeneity of the deposit.
Sample Types: A combination of surface and subsurface samples were collected. Surface samples were collected at the top layer of the clay, and subsurface samples were taken at varying depths (e.g., 0.5m, 1.0m, and 1.5m).
Sample Size: Each sample consist of approximately 5-10 kg of clay material, which were homogenized and sub-sampled for analysis. This ensures a representative sample for geochemical and mineralogical analyses.
Sample Preservation: After collection, the samples were air-dried at ambient temperature to remove excess moisture, and stored in labeled, airtight plastic bags to avoid contamination.
[bookmark: _Toc111117246]3.5 Laboratory Analysis 
The mineralogical compositions of the samples were analyzed via XRD and representative XRD patterns are shown below.  The X-ray diffraction was performed to obtain further evidence about the structure of the samples.  X – Ray Diffraction (XRD) Analysis of the samples were performed by a Shimadzu XDS 2400H diffractometer with Cu anode, λ1CU = 1.541838 [A°],  attached to digitized computer along with graphical assembly on uncompressed powders in order to collect the maximum of the diffraction lines and a better identification of the phases and tungsten filament operated with a voltage of 40 kV and a current of 30 mA, and NaI(Tl) scintillator detector. 
The prepared sample was placed in a lucite holder on the goinometer of the instrument which was configured with a graphite monochromator. The diffraction beam monochromator operated at 40 KVA and a current of 40 mA with the 2θ range of 10 – 90º with deviation of ±0,05°and at a scan speed of 2º C/minute with step size of 0.02o for 120 minutes to create x- ray patterns with enough intensity to produce lines to identify minerals at the 2θ angles., The parameters selected were: peak positions (2θ), Plane and relative intensities.
The XRD patterns indicated crystalline orthogonal phases. After the X-ray scanning of the samples, mineral peaks were identified using Software. The background and peak-positions were identified and based on the peak positions and intensities, a search-match routine was performed. 
[bookmark: _Toc111117247]3.5.1 Procedure for X-Ray Fluorescence
1.	Turn on the instrument power switch. The instrument will initialize and a final click will denote the completion of initialization. The filter wheel and the sample wheel will rotate. Open the top left cover and confirm the Quest DPP light match the parameters listed in the Technical Manual.
On the X-ray Generator Panel, turn mA and then kV knobs fully counter-clockwise.
2. 	Turn on both X-Ray and Power switches.
3. 	If instrument does not initialize, power off and power up again. If problem persists, contact the service representative.
Select the appropriate method tray list shortcut on the desktop for the type of analysis needed. These are denoted by the. mtl file extension
4.	Complete the tray list by entering the sample information, method and tray position number.
5.	When finished entering the sample information, position the cursor in the row below the last sample. The tray list will not run the last sample if the cursor is positioned on a row with a sample.
 6.	Turn on the nitrogen gas and set the pressure at approximately 20 psi.
7.	The XRF is ready to analyze prepared samples after the dry run has been completed.
8.	Mount the glass disks in the holders with the tide to be analyzed facing up. Pass the holders under the bridge to make sure they will load properly.
9.	Place the holders in the sample tray. Slot number six must always be filled. There are a maximum of six samples per tray (never fill slot number one and zero as ample changer will fail to load samples). Put an appropriate control standard in any lot, position 2-6. Record the sample positions in the tray and tray number in the controlled XRF Sample
10.	Make sure that the reference standard (used to correct for instrumental drift) is in position in the sample chamber and close tide lid. 
11.	Place the sample tray in the left side of the sample changer tray racks. Make sure that the sample changer is full, nine trays per side.
[image: ][image: https://www.azom.com/images/Article_Images/ImageForArticle_5990(2).jpg]12.	Check green LED on sample changer to ensure that the first cassette is sensed by fifth changer.
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Determination of Loss on Ignition (LOI) 
The intergranular water (H2O) was determined as a percentage loss in weight. In each case, between 1 – 15 g of the sample was weighed into a dry clean beaker and place in an oven at a temperature of 1100C for 1 h. After every 30 min, the sample was brought out from the oven, allowed to cool and weighed. The process was repeated until a constant weight was obtained and the result recorded. 
[bookmark: _Toc111117248]3.5.2	Procedure for X-Ray Diffraction
1.	The diffractometer operating conditions should be chosen to maximize intensity and to reduce errors arising from counting statistics, even if this leads to some loss of resolution. (Largest practicable divergence and receiving slits; sample spinner).
2.	Collect the diffraction data for the calibration standards for quartz and cristobalite in the same way as for samples. Since no interfering phases will be present on the calibration standard filters a qualitative scan is unnecessary.
3.	As a minimum, measure the net peak area of the selected diffraction peak of the drift correction sample before and after analyzing a batch of filters. If there is a difference between the two results (e.g.>4% within a batch) the reasons for the difference in performance should be investigated.
4.	Mount each sample filter in the diffractometer and make a rapid qualitative scan; identify as many as possible of the phases present and in particular note any evidence of possible line overlaps on the peaks used for analysis. For a set of dust samples taken in the same industrial environment, experience may show that the dust is very similar each time sampling is done and qualitative scans will not then be required for all filters.
5.	Collect diffraction data for each peak required for analysis using a step scan extending at least 1° either side of the expected peak position. The data should be sufficiently smooth and the noise level low enough for the peak limits and background to be set with reasonable ease and reproducibility.
6.	Use the observed net peak area of the drift correction sample, Do, to normalize the observed net peak area for the sample, Ao, relative to a chosen value, of the peak area, Dr, (the peak area of the drift correction monitors the first time it was measured under the same analysis conditions) for the drift correction sample: 
Normalized sample peak area (As) = Ao. Dr/Do
These patterns can be indexed with lattice parameters a = 6.1980 Å, b =40.2900 Å, c =3.8880 Å, and α =β=γ=90∘ for the spatial group P21212).
[bookmark: _Toc111117249]3.6 	Chemical Analysis
The chemical analysis was carried out on the sample to determine their chemical composition (% SiO2, Al2O3, K2O, TiO, CaO, SO2, Fe2O3, and MnO etc). The analysis was done using the Shimadzu EDXRF-702HS X-ray fluorescence spectrometer (XRF). About 5 g of the clay were analysed. The calibration was done using pure silver sample, the working curve was selected according to the samples and placed in a machine attached with a computer analyser and read out system. The machine was set for 60s and the result was obtained and recorded.
The sample is irradiated with X-rays within the instrument. If an X-ray photon is absorbed by the sample of sufficient energy, then an electron is emitted via the photoelectric effect resulting in an electron hole in the atom. An inner shell electron will then fall back to fill this hole resulting in the release of electromagnetic energy with a frequency characteristic of the element present.
A metallic filter, which was 100-m-thick titanium or 50-m-thick zirconium, was attached to the Rh x-ray tube. The aluminum collimators of inner diameters of 6 mm and 3 mm were attached to the x-ray tube and the detector, respectively. The x-ray tube and the detector were tilted to 45 degrees. The detector and the sample holder were placed on a Z-stage and to adjust the distance from the point of the detector to the sample surface. The external diameter of the sample holder was 44.5 mm (inside diameter: 40.5 mm) and height was 25.5 mm. The thickness of sample could be changed depending on the volume put in the sample holder
All measurements were carried out on an energy dispersive X-ray fluorescence spectrometer Shimadzu EDXRF-702HS operated at 40 kV and 18 mA. The current was automatically adjusted (maximum of 1 mA). A 10 mm collimator was chosen. The counting time was 100 seconds for all measurements. The intensity of element Kα counts per second (cps/µA) was obtained from the sample X-ray spectrum using the Shimadzu EDX software package. 
The procedure is summarized below;
XRF was performed on samples prepared in the form of glass disks with a sample/melt ratio of 0.5/5; Li2B4O7 was used as the melt. The reference materials GSS8 and BCS-CRM 354 were used to produce standards; mixtures of these with an oxide content including that of the samples to be analyzed were used to produce a calibration curve. The reference materials were mixed with a 5% Au/Pt ZGS glass rod and melted in a furnace at a temperature of 1100 °C for 15 min. The melt was taken from the furnace and stirred after 10 min and then replaced to eliminate bubbles. It was then poured into a Pt/Rh 30-mm diameter mold to form a glass disk, of   30 mm diameter and 9 mm thickness were used for the analyses.
3.7  Data Interpretation
The results from the laboratory analyses were interpreted to assess the geochemical characteristics of the igbelowowa clay deposit:
Mineral Content Analysis: The XRD data were analyzed to determine the relative abundance of different clay minerals in the samples. This information were provide insights into the weathering processes that formed the clay deposit and its suitability for various industrial uses
Geochemical Composition: The XRF and ICP-MS data were used to calculate the major and trace element concentrations. These results were compared to standard geochemical profiles for clay materials, and their suitability for ceramic production, cement making, or other applications will be evaluated.
Correlation with Industrial Applications: The geochemical and mineralogical data were correlated with the requirements for various industrial applications, such as ceramics, bricks, and cement production. The alumina-to-silica ratio, iron oxide content, and other relevant factors were considered.
Geochemical analyses, such as those employing X-Ray Fluorescence (XRF) and X-Ray Diffraction (XRD), have proven effective in revealing the mineralogical and chemical properties of clay, guiding their industrial applications (Smithson et al., 2018). Studies on other Nigerian clay deposits, such as those in Abeokuta and Ifon, have demonstrated the utility of such techniques in determining suitability for ceramics and cement production (Adeyemi et al., 2021; Nwosu & Ezeaku, 2022). These findings underscore the need for similar investigations into the igbelowowa deposit to maximize its potential.
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Chapter Four
[bookmark: _Toc111117251]4.0 		Result and Discussion
[bookmark: _Toc111117252]4.1 	Result of X- Ray Fluorescence (XRF) Tests
The result of X-ray fluorescence diffraction is shown in the table 4.1 and table 4.2 for sample A and sample B respectively.
[bookmark: _Toc111799536]Table 4.1: Major Element Composition ( XRF Results)
	S/N
	Basic Oxides
	Formulae
	% Composition for Sample A
	% Composition for Sample B

	1
	Silicon Oxide 
	SiO2
	 42.75
	 65.33

	2
	Calcium oxide
	CaO
	 ND
	ND

	3
	Magnesium oxide
	MgO
	ND
	0.80

	4
	Sodium Oxide 
	Na2O
	1.00
	0.80

	5
	Potassium Oxide
	K2O
	1.40
	0.60

	6
	Sulphide
	SO3	
	ND
	ND

	7
	Phosphorus Oxide
	P2O5
	ND
	ND

	8
	Maoganese Oxide
	MnO
	0.40
	0.05

	9
	Titanium Oxide
	T1O2
	2.47
	0.24

	10
	Aluminium Oxide
	Al2O3
	28.87
	24.60

	11
	Iron Oxide
	Fe2O3
	9.49
	2.73

	12
	Loss of ignition
	Lol
	13.50
	5.30

	
	Total
	
	99.88
	100.45

	
	Silica/Sequioxide Ratio
	
	2.198
	2.164




4.2	Discussion of X-Ray Fluorescence 
The x-ray fluorescence analysis (XRF) was performed on the clay sample to know the chemical composition (oxides) present as shown on Table 1.The results shows that silicon oxides (SiO2) has the highest content (42.75-65.33) followed by Al2O3 (28.87-24.60) then the Fe2O3 (9.49-2.47) and trace amount of other oxides (S02, TiO2. K2O, MnO , P2O5, MgO, Na2O, CaO and L.O.I).The high content of silica (SiO2) and Alumina (Al2O3) in an sample is an indication that it is a kaolinite clay. Literature review indicate that the dominance of silica and Alumina are often used for floor tile manufacture as well as a potential source for bricks production (Nwajugu and Aneke, 2001; Bergaya et al.,( 2006). 
Also, the amount of SiO2 content for clay fall within the range for refractory clay (46.00%- 62.00%). Abudulahi and Samaila (2007) This can be used for lining of heat treatment furnaces for low melting point metals, liquid metals ladles and portions of blast furnaces Yami et al., (2017).The large amount of SiO2  present in sample A clay and sample B clay is associated with crystalline phase quartz when combined to Alumina in the alumino silicate structure as suggested by Borlini et al., (2015). They further stated that when this is present in a clay, it decreases the intensity of the clay, although it may increase the refractoriness of the clay that has its standard to be 46-62%.









[bookmark: _Toc111811938]Figure 4.1: Graphical Representation of X-Ray Graphical Diffractogram for Sample A 


[bookmark: _Toc111811939]Figure 4.2: Graphical Representation of X-Ray Diffractogram for Sample B



[bookmark: _Toc111117253]4.3	Result of X-Ray Diffraction (XRD) Test
[bookmark: _Toc111799537]Table 4.2 Result of Mineral identified in sample A
	S/N
	Mineral Present 
	Percentage Weight Composition (%)

	1
	Phengite
	41.1

	2
	Kaolinite 
	39.6

	3
	Albite 
	19.30

	
	Total
	100



[bookmark: _Toc111799538]Table 4.3 Result of Mineral identified in sample B
	S/N
	Mineral Present 
	Percentage Weight Composition (%)

	1
	Muscovite 
	69.3

	2
	Kaolinite 
	23.8

	3
	Albite 
	6.9

	
	Total
	100



The result of the mineralogical composition of Sample A and B is presented in Tables 4.2 and 4.3 respectively. The minerals found in both samples are Phengite, Kaolinite, and Albite. Phengite has the highest weight composition, followed by Kaolinite, while Albite has the lowest. From the results, it can be deduced that Phengite, having the highest weight composition, represents a relatively stable mineral derived from the parent rocks. The presence of Phengite and Kaolinite suggests that the clay is either inherently hard or capable of hardening upon exposure to alternating wetting and drying cycles. This behavior is consistent with findings by Adewole and Eze (2017), who noted that the stability and hardening potential of clay materials are influenced by their dominant phyllosilicate minerals such as Kaolinite and Mica group minerals like Phengite. Moreover, presence of Phengite and other iron oxide existing in these residual soil may act as cementing agents, which as a consequence may contribute to tensile cracking by making the compacted structure relative brittle.
4.4	Discussion of X-Ray Diffraction
A summary of the quantitative XRD analysis results are presented in table 4.2 and 4.3 respectively. The diffractogram obtained from X-Ray diffraction analysis in the study area for Phengite is 41.1%, Kaolinite is 39.6%, and Albite 19.30%. This revealed the dominant Phengite has the highest weight composition of 41.1% followed by Kaolinite with weight composition of 39.6%  and Albite with weight composition of 6.9% has the lowest weight in sample A and sample B respectively. From reviewed articles, it was observed that mineralogical and chemical characteristics of a  Clay  makes it suitable for Cement production. It can be deduced that in both sample A and sample B, the sample having high composition are (SiO2, FeO2, and Al2O3) with other basic oxides having low percentage composition.
[bookmark: _Toc111117254]
 						Chapter Five
[bookmark: _Toc111117255]Conclusions and Recommendations
[bookmark: _Toc111117256]5.1	Conclusions
This project focuses on the Assessment of Geo-chemical composition of Igbelowowa clay deposits. According to the results, the following conclusions are obtained. Sample A1 is composed mostly of Phengite and Kaolinite, with a smaller proportion of Albite. The mineralogy confirms a high-quality clay material rich in alumina and silica making it suitable for Ceramic production, Refractory materials and Bricks and tiles.
 The project reveals the characteristics variation in Assessment of Geo-chemical composition of Igbelowowa Clay deposits. It's shows that they are all composed of high SiO2, Al2O3 and high value of loss on ignition (L.O.T). The geochemical assessment of the Igbelowowa clay deposit reveals a high-quality kaolinitic clay with adequate alumina and silica content and low impurities. The clay shows good potential for use in ceramics, brick manufacturing, and possibly paper and pharmaceutical industries. Its mineralogical and chemical properties meet most industrial specifications.
 The comprehensive geochemical assessment of the Igbelowowa clay deposit in Ajase-Ipo, Kwara State, reveals that the clay material possesses significant industrial potential. The geochemical analysis shows that the clay is predominantly composed of silica (SiO₂) and alumina (Al₂O₃), with moderate to low concentrations of iron oxide (Fe₂O₃), calcium oxide (CaO), magnesium oxide (MgO), potassium oxide (K₂O), sodium oxide (Na₂O), and other trace elements. These results indicate that the clay belongs to the kaolinitic group, known for its plasticity, low shrink-swell capacity, and high refractoriness.The low percentage of alkali and alkaline earth metals suggests minimal fluxing behavior, which is advantageous for high-temperature applications such as ceramics, refractory linings, and firebricks. The relatively low iron content also enhances its suitability for whitewares and other aesthetic products, reducing the likelihood of discoloration during firing. Additionally, the geochemical profile aligns with specifications required in the cement, paint, and paper industries.  Field observations, coupled with laboratory tests, further confirm that the Igbelowowa clay deposit is extensive, easily accessible, and occurs in economically viable quantities. Therefore, the deposit holds promise as a local raw material source for industrial development in Kwara State and the surrounding regions.
5.2 Recommendation
further analysis and assessment are recommended to determine the specific properties and characteristics of these Clay in relation to their suitability for Ceramic production, Refractory materials,  Bricks and tiles and other uses.
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