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ABSTRACT
This study focuses on the assessment of the geochemical composition of the Igbelowowa clay deposit located in Ajase-Ipo, Kwara State, Nigeria. The investigation was carried out to determine the mineralogical and chemical constituents of the clay with a view to evaluating its industrial suitability and geological origin. Representative clay samples were collected from various locations within the deposit and subjected to both X-ray fluorescence (XRF) and X-ray diffraction (XRD) analyses to determine their major and trace element composition as well as their mineralogical framework.
The geochemical analysis revealed that the clay is predominantly composed of silica (SiO₂), alumina (Al₂O₃), and minor amounts of iron oxide (Fe₂O₃), potassium oxide (K₂O), and titanium oxide (TiO₂). These results suggest a strong presence of kaolinite and associated clay minerals such as muscovite and illite, with traces of quartz and feldspar. The XRD results confirmed the dominance of kaolinite, muscovite, albite, and phengite in varying proportions across the sampled locations.
The overall chemical composition indicates that the clay deposit is of high aluminous quality, making it suitable for applications in ceramics, refractory materials, and cement production. Furthermore, the relatively low content of deleterious oxides enhances its industrial value. The findings also suggest that the clay deposit was formed primarily through intense weathering of feldspar-rich rocks under tropical conditions.
This study provides baseline geochemical data on the Igbelowowa clay deposit and contributes to the broader understanding of clay resource potential in Kwara State, Nigeria.
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Chapter One
1.0	Introduction
1.1 	Background of the Study
Clay deposits are significant geological materials with diverse industrial applications, ranging from ceramics and construction to pharmaceuticals and water purification (Smith and Jones, 2015). The geochemical composition of clay determines its industrial suitability, economic value, and environmental implications. As a result, extensive studies have been conducted globally on the mineralogy and geochemistry of clay deposits to optimize their utilization (Brown et al., 2018).
Nigeria is endowed with large clay deposits, notably in states such as Ogun, Ekiti, Kaduna, and Kwara (Adegbite and Olayemi, 2020). The Igbelowowa clay deposit in Kwara State is one of the less-explored clay resources, despite its potential economic and industrial relevance. Understanding the geochemical properties of Igbelowowa clay is essential for determining its suitability for ceramic, refractory, and metallurgical applications (Okonkwo et al., 2019). 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).
Previous studies on Nigerian clay deposits have revealed variations in mineralogical and geochemical compositions based on their geological settings (Afolabi and Yusuf, 2022).However, limited research has been conducted on the Igbelowowa clay deposit in terms of its elemental composition, physicochemical properties, and potential environmental concerns (Eze et al., 2020). Investigating the geochemical characteristics of Igbelowowa clay is crucial for its Industrial classification, economic valuation, and environmental sustainability.
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).
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 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.
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 and Ogunleye, 2020).
1.2	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.
1.3	Aim and Objectives
This present research work aimed at assessing the geochemical composition of Igbelowowa clay deposits, ltesiwaju Local Government of Kwara State while the specific objectives include;
i. Determination of the mineralogical composition and elemental composition of the Clay using XRD and XRF
Assess the suitability of the clays for various industrial applications.
1.4	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.
1.5 	Scope of the Study
This study will focus on:
· 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.
1.6	Limitation
· Accessibility to the site during adverse weather conditions.
· Limited funding for advanced analytical techniques.
· Availability of high-precision laboratory equipment within the region.





Chapter Two
2.0	Literature Review
2.1 	Overview of Clay Deposits
Clay deposits are fine-grained materials primarily composed of minerals such as kaolinite, illite, and montmorillonite. These minerals are characterized by their unique ability to retain water and exhibit plasticity when wet. The formation and distribution of clay deposits are influenced by factors such as weathering, sedimentation, and chemical processes in the Earth’s crust (Smith et al., 2018). Clay deposits are found in a wide range of geological environments, including riverbeds, lakes, and coastal areas.
Clay deposits are fine-grained, sedimentary materials that consist mainly of minerals like kaolinite, illite, montmorillonite, and chlorite. These minerals are characterized by their small particle size, which gives clay its plasticity when moist and its ability to retain water. The formation of clay deposits occurs over long geological timescales through the weathering of parent rocks, primarily feldspars and other silicate minerals. Clay particles are transported by wind, water, or glacial activity and are deposited in sedimentary environments such as riverbeds, lakes, and coastal plains (Baker and Watts, 2017).
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).
The classification of clays is often based on their mineralogical composition and their behavior when subjected to physical and chemical treatments. Clay types are broadly categorized as kaolinitic, illitic, and smectitic, each with specific industrial uses. For instance, kaolinite is preferred for ceramic products, while smectite-rich clays are often used in drilling fluids due to their high swelling properties (Ono and Tsuboi, 2018). Moreover, trace elements such as iron, titanium, and aluminum can also influence the color and quality of clay, making geochemical analysis a key aspect of clay deposit evaluation (Lee et al., 2020).
2.2 	Previous Studies on Clay Geochemistry
Several studies have been conducted to assess the geochemical composition of clay deposits across various regions. In a study by Adedeji et al. (2017), the geochemical composition of clay deposits in southwestern Nigeria was investigated. The study highlighted significant variations in the levels of trace elements such as lead (Pb) and arsenic (As), which could impact the quality of the clay for industrial purposes. Similar studies by Oyetunde (2015) and Akinmoladun (2021) on the geochemistry of Nigerian clays revealed that mineral compositions such as quartz and feldspar are dominant in clays, with variations in their relative abundance due to local geological conditions.
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, 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 and Ogun 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 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), and 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.
2.3 	Geochemical Composition of Clays
The geochemical profile of clay materials includes both major elements (e.g., SiO₂, Al₂O₃, Fe₂O₃, CaO, MgO, K₂O, Na₂O) and trace elements (e.g., Ba, Sr, Cr, Ni, Zn). These elements reflect the clay’s origin, diagenesis, and potential uses.
· High silica and alumina usually indicate suitability for ceramics and refractories.
· Iron oxides affect color and firing properties.
· Alkali oxides (Na₂O, K₂O) influence sintering and fluxing behavior in ceramics.
· TiO₂ and Fe₂O₃ are undesirable in high concentrations for whiteware due to staining.
The elemental composition helps classify clay types and informs beneficiation strategies (Christidis, 2011).
2.4	 Industrial Significance of Geochemical Characterization
Determining the geochemical composition of clays is important for:
· Ceramic production: High alumina and low iron content are desirable.
· Refractory materials: Require high Al₂O₃ and low alkali content.
· Cement industry: Clays are used as raw materials for Portland cement.
· Environmental applications: Some clays are used for adsorbing heavy metals or pollutants due to their high CEC.
The geochemical data guide industries in resource selection and processing methods (Christidis, 2011).





Chapter Three
3.0	Methodology
3.1 	Introduction
This chapter outlines the materials and methodologies employed in assessing the geochemical compositions of Igbelowowa clay deposits. It covers the study area, sample collection techniques, laboratory analyses, and data interpretation methods.
3.2 	Study Area
· Location and Accessibility: Igbelowowa is located in Kwara State, southwestern Nigeria. It lies within the basement complex of Nigeria, characterized by weathered rock formations.
· Climate and Vegetation: The area experiences a tropical climate with distinct wet and dry seasons, influencing the weathering and deposition of clay materials.
· Geological Setting: The clay deposit is associated with the weathering of pegmatites, granites, and schistose rocks, contributing to its mineralogical composition.
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
· Sample bags for collection and storage
· Laboratory Equipment:
· X-ray fluorescence (XRF) spectrometer (for elemental analysis)
· X-ray diffraction (XRD) machine (for mineralogical composition)
· Atomic Absorption Spectrophotometer (AAS) (for trace element analysis)
·  pH meter (for acidity/alkalinity measurement)

3.4 	Sample Collection and Preparation
· Sample Collection:
· A total of X samples (e.g., 10-15) were collected from different locations within the Igbelowowa clay deposit.
· Sampling depth ranged from X cm to Y cm, depending on the exposure of the clay layer.
·  The samples were properly labeled and stored in air-tight bags to prevent contamination.
· Sample Preparation:
· The collected clay samples were air-dried at room temperature for 48 hours.
· Large particles and impurities were removed by sieving through a <75 um mesh.
· Pulverization was carried out using a mortar and pestle or mechanical crusher for homogenization.
3.5	 Geochemical Analysis
3.5.1 	Mineralogical Composition Analysis (XRD)
· X-ray Diffraction (XRD) was used to determine the mineral phases present in the clay samples.
· The powdered samples were subjected to X-ray beam diffraction, and mineral identification was based on diffraction patterns compared with standard databases.
3.5.2 	Elemental Composition Analysis (XRF)
· X-ray Fluorescence (XRF) was used to analyze the major oxides in the clay samples.
· The powdered samples were fused into pellets and exposed to high-energy X-ray beams to detect elemental compositions such as SiO2, Al2O3, Fe2O3, MgO, CaO, K2O, Na2O, and TiO2.











Chapter Four
4.0	 Results and Discussion
4.1	 X-Ray Diffraction (XRD) Result
The result of x-Ray diffraction is present in table 4.1.
	
	Sample A
	Percentage
	Sample B
	Percentage

	1
	Phengite
	41.1
	Albite
	69.3

	2
	Kaolinite
	39.6
	Muscovite
	23.80

	3
	Albite
	19.3
	Kaolinite
	6.90



4.1.1 X-Ray Diffraction 
Sample A is primarily composed of phengite and kaolinite, both of which are clay or clay-like minerals. Phengite is a mica group mineral rich in silica and aluminum, often associated with metamorphic conditions. Kaolinite is a well-known clay mineral, common in highly weathered soils. The presence of albite (a feldspar mineral) in smaller amounts suggests the sample retains some primary silicate material, which may indicate moderate weathering. The high phengite and kaolinite content implies significant alteration and weathering processes, potentially from acidic fluids or long-term leaching. This mineralogy may suggest low permeability, high plasticity, and potential for swelling, depending on the particle size and clay activity (Deer, et al., 2013). Phengite is a high-silica variety of muscovite (a mica group mineral) and is often found in metamorphic rocks. 
· Petrological indicator: Mainly used by geologists to study metamorphic conditions (especially high-pressure, low-temperature environments such as subduction zones).
· Geothermobarometry: Helps estimate pressure-temperature conditions during rock formation.
· Scientific research: Used in experimental petrology to model metamorphic processes.
Phengite has limited industrial use due to its rarity and is mostly of academic and geological interest.
Kaolinite
Kaolinite is a clay mineral, part of the kaolin group, commonly found in soil and sedimentary rocks.
Uses:
· Ceramics and porcelain: Primary component in making china and sanitary ware.
· Paper industry: Used as a paper coating to improve brightness, smoothness, and printability.
· Paints and rubber: Acts as a filler to improve texture and durability.
· Cosmetics and pharmaceuticals: Used in facial masks, toothpaste, and as an anti-diarrheal (e.g., Kaopectate).
· Agriculture: Used as a carrier for pesticides and as a soil conditioner.
Albite
Albite is a plagioclase feldspar mineral (sodium-rich endmember) commonly found in igneous and metamorphic rocks.
Uses:
· Ceramics and glass manufacturing: Acts as a flux to lower the melting temperature of mixtures.
· Filler in plastics and rubber: Improves product durability and surface finish.
· Geological dating and petrology: Used to interpret metamorphic conditions.
· Industrial abrasives: Occasionally used in polishing and sandblasting materials.
[image: ]
Figure 4.1 Showing the pie chart of XRD sample A
Sample B is dominated by albite, a feldspar mineral, indicating that this sample is less weathered and contains more primary silicate minerals. Muscovite, another mica group mineral, adds to this interpretation. The low percentage of kaolinite supports the conclusion that chemical weathering is less advanced in this sample compared to Sample A. This composition suggests greater stability under physical stress and less clay-related shrink/swell behavior. The dominance of albite may also indicate igneous or metamorphic origin with limited exposure to leaching or hydrothermal alteration (Howie, 2013).
Albite
Albite is a plagioclase feldspar mineral (sodium-rich end member) commonly found in igneous and metamorphic rocks.
Uses:
· Ceramics and glass manufacturing: Acts as a flux to lower the melting temperature of mixtures.
· Filler in plastics and rubber: Improves product durability and surface finish.
· Geological dating and petrology: Used to interpret metamorphic conditions.
· Industrial abrasives: Occasionally used in polishing and sandblasting materials.
Muscovite
Muscovite is a common mica mineral known for its perfect basal cleavage and sheet-like structure.
Uses:
· Electrical and thermal insulator: Used in electrical components like capacitors, due to its resistance to heat and electricity.
· Paints and coatings: Ground muscovite adds a shimmering effect and improves durability.
· Cosmetics: Adds shine to makeup products like eyeshadow and lipstick.
· Roofing and construction: Used in asphalt shingles for added strength and reflectivity.
· Plastic and rubber filler: Improves strength and reduces permeability.

Kaolinite
Kaolinite is a clay mineral, part of the kaolin group, commonly found in soil and sedimentary rocks.
Uses:
· Ceramics and porcelain: Primary component in making china and sanitary ware.
· Paper industry: Used as a paper coating to improve brightness, smoothness, and printability.
· Paints and rubber: Acts as a filler to improve texture and durability.
· Cosmetics and pharmaceuticals: Used in facial masks, toothpaste, and as an anti-diarrheal (e.g., Kaopectate).
· Agriculture: Used as a carrier for pesticides and as a soil conditioner.
[image: ]
Figure 4.2 Showing the pie chart of XRD sample B

4.2	Result of X-Ray Fluorescence (XRF)
The result of the chemical composition of the two clay samples are presented in Table 4.2
Table 4.2: Result of X-Ray Fluorescence (XRF)
	Basic Oxide
	Formulae
	Sample A1 (%)
	Sample B1 (%)
	Interpretation / Remarks

	Silicon Oxide
	SiO₂ 
	42.75
	65.33
	Much higher in B1; good for ceramics/refractory use

	Calcium Oxide
	CaO
	ND
	ND
	Not detected in both samples

	Magnesium Oxide
	MgO
	ND
	0.80
	Detected only in B1 in small quantity

	Sodium Oxide
	Na₂O
	1.00
	0.80
	Present in both; affects melting point during firing

	Potassium Oxide
	K₂O
	1.40
	0.60
	More in A1; acts as flux in ceramic production

	Sulphide
	SO₃
	ND
	ND
	Not detected

	Phosphorus Oxide
	P₂O₅
	ND
	ND
	Not detected

	Manganese Oxide
	MnO
	0.40
	0.05
	Trace amount; higher in A1

	Titanium Oxide
	TiO₂
	2.47
	0.24
	Significantly higher in A1

	Aluminum Oxide
	Al₂O₃ 
	28.87
	24.60
	High in both; A1 richer, ideal for bricks and tiles

	Iron Oxide
	Fe₂O₃
	9.49
	2.73
	A1 has much more; contributes to clay color & firing

	Loss Of Ignition
	L.O.I.
	13.50
	5.30
	Higher in A1; indicates more volatiles/moisture

	TOTAL
	
	99.88
	100.45
	



Table 4.2 shows the geo-chemical results of clay samples, A1 and B1. SiO2 in Sample A1 has a lower percentage of SiO₂ (42.75%) when compared to Sample B1 (65.33%). Higher silica content in B1 makes it more suitable for ceramics or refractory where high silica content is desired due to its stability at high temperatures (Idenyi, and Obiorah 2012).  Similarly, CaO (Calcium Oxide) was both samples show “ND” (Not Detected) for calcium oxide, which is important for forming compounds that affect the material’s hardness and strength, especially in construction materials (Olatunji and Akinyemi 2014). MgO (Magnesium Oxide) in sample B1 (0.80%). Magnesium oxide, detected in B1 in a small quantity, affects the chemical behavior of the soil, especially when firing for ceramics (Obaje 2009). Na₂O (Sodium Oxide) Both samples show 1.00% (A1) and 0.80% (B1) of sodium oxide. Sodium oxide affects the melting point during firing, influencing the temperature required for optimal firing in ceramics (Grim 2014). K₂O (Potassium Oxide) A1 has more potassium oxide (1.40%) compared to B1 (0.60%). Potassium acts as a flux, lowering the melting point in ceramic production, which is why A1 might be more suitable for ceramic materials (Murray 2007). SO₃ (Sulfur Trioxide) and P₂O₅ (Phosphorus Pentoxide) Both samples show “ND” for these elements, indicating that sulfur and phosphorus compounds are not detected, which is favorable for stability during firing. (Aroke and Ameh 2012). MnO (Manganese Oxide) A trace amount is present in A1 (0.40%) and a much smaller amount in B1 (0.05%). Manganese is important for coloring and firing properties but is present in minimal quantities here. (Banson 2016). TiO₂ (Titanium Dioxide) A1 has a significantly higher amount of titanium dioxide (2.47%) than B1 (0.24%). Titanium dioxide contributes to the strength and color of ceramics and clay materials, making A1 potentially more useful for such applications (Howie and Zussman 2017). Al₂O₃ (Alumina) A1 (28.87%) contains significantly more alumina than B1 (24.60%). Alumina is a key component in producing durable and heat-resistant materials, such as bricks and tiles. The higher alumina content in A1 makes it ideal for such applications (Yusuf and Aigbedion 2010). Fe₂O₃ (Iron Oxide) Sample A1 has a much higher percentage (9.49%) compared to B1 (2.73%). Iron oxide influences the color of fired ceramics and contributes to the overall behavior during firing. A higher iron oxide content in A1 could give it a richer color in the final product (Ajayi and Agbede 2009). L.O.I. (Loss on Ignition) Sample A1 has a higher loss on ignition (13.50%) compared to B1 (5.30%). L.O.I. is indicative of the moisture or volatile content in the sample. Higher L.O.I. suggests that A1 has more volatile components, potentially making it more difficult to process unless moisture is carefully controlled. Sample A1 is richer in alumina, iron oxide, and potassium oxide, making it more suitable for ceramic production, especially where these elements influence color, strength, and firing behavior. Sample B1 has higher silica content, making it more suitable for refractory applications, which require materials that can withstand high temperatures. This information is valuable for making decisions about material use in ceramics, refractory materials, and construction (Adekye, 2025).






Chapter Five
Conclusions and Recommendations
5.1 Conclusions
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.
Furthermore, the low presence of deleterious elements like sulfur and heavy metals suggests that the clay deposit is environmentally friendly and suitable for multiple industrial applications. Based on the chemical indices and comparison with international standards, the Igbelowowa clay can be classified as high-quality kaolinitic clay, with promising applications in: Ceramic and refractory industries, Paint and paper manufacturing, Pharmaceutical and cosmetic applications (subject to further purification).This study establishes that the Igbelowowa clay deposit is not only abundant but also of significant economic value to Kwara State and Nigeria at large.
5.2 Recommendation
Industrial  Utilization and Investment
Government and private investors should consider developing the Igbelowowa clay deposit for industrial use, especially in ceramic, refractory, and cement manufacturing industries. Establishing clay processing facilities in or around Ajase-Ipo will also boost local employment and economic activities.
Further Mineralogical and Physical Testing
While the geochemical composition is promising, it is recommended that further studies, including mineralogical (XRD) and physical property (Atterberg limits, plasticity index) tests, be carried out to fully classify and understand the behavior of the clay under various industrial conditions.
Environmental Impact Assessment (EIA)
Prior to large-scale extraction, an Environmental Impact Assessment should be conducted to evaluate and mitigate any potential adverse effects of mining activities on the local environment, water sources, and communities.
Sustainable Mining Practices
Clay extraction should be carried out using environmentally sustainable methods, ensuring land reclamation and proper waste management to preserve the ecological balance of the area.
Geological Mapping and Resource Estimation
A detailed geological mapping and volumetric estimation of the deposit should be carried out to assess the total reserve size. This will guide long-term planning and industrial development strategies.
Policy and Infrastructure Support
The state government should create policies that encourage mineral exploitation in a safe and sustainable manner. Provision of supporting infrastructure such as roads, electricity, and water will also facilitate industrial development around the deposit
Economic Feasibility Study
Conduct a cost-benefit analysis of mining, processing, and marketing the clay locally and internationally to attract potential investors.
Government and Policy Engagement
Recommend policies to encourage local and foreign investment in clay processing industries in Kwara State.
Advocate for community participation and benefit-sharing from the development of the deposit.
Beneficiation and Purification Research
Investigate methods to improve clay quality by removing iron oxides and other impurities to increase its suitability for pharmaceutical or cosmetic applications.
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