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This study aims to determine the mineralogical and chemical characteristics of the clay 

in the Ugieghudu area, with potential applications as a feedstock in the industry. Ten 

representative clay samples were collected at various horizons in the study area. The 

samples were sieved (> 53 μm) and analysed using X-ray diffraction (XRD), scanning 

electron microscopy (SEM), X-ray fluorescence (XRF), and inductively coupled plasma-

mass spectroscopy (ICP-MS), respectively. From the results, the cation exchange 

capacity (CEC) showed a low to moderate amount (28.01–62.25 meq/100 g). XRD result 

showed that kaolin (33.9%–73.0%) was the dominant mineral, followed by quartz 

(23.0%–63.0%). SEM results showed the mean amount of SiO2, Al2O3, Fe2O3, TiO2, K2O, 

and MnO, in %, of 53.75, 29.17, 11.53, 4.44, 0.63, and 0.32, respectively, suggesting a 

correlation with the XRD results. XRF results of the clay in % showed SiO2 (55.72), TiO2 

(4.55), Al2O3 (27.14), and Fe2O3 (9.03), among other oxides. Trace elements such as Ba 

in ppm (188.7), among others, occurred in varying amounts in the clay, revealing the 

effect of weathering and selective leaching. Comparison of the Ugieghudu clay with other 

submissions suggests that the clay is suitable as feedstock for tiles, fertilizer, and ceramic 

production, among other uses. 
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1. INTRODUCTION

Clay minerals are layer silicates that are typically formed as 

products of chemical weathering of other silicate minerals at 

the Earth's surface [1]. Clay can be grouped generally into 

three groups: these include kaolin, smectite, and illite groups 

[1]. Clays are useful in various industries, including 

processing, agriculture, engineering, construction, 

environmental remediation, and many other miscellaneous 

applications [2, 3]. They can occur in a wide range of 

environments: as residual products in soil profiles and 

accumulated materials in some basins or catchment areas [4, 

5]. Clay numerals are typically formed over long periods of 

time by the gradual chemical weathering of rocks, usually 

silicate-bearing, with low concentrations of carbonic acid and 

other diluted solvents, which are usually acidic, migrate 

through the weathering of rock after leading through upper 

weathered layers [5]. In addition, in the weathering process, 

hydrothermal activities form some clay minerals, and clay 

deposits may be formed in places as residual deposits. The 

relative abundance of clay in both sedimentary and crystalline 

environments in a typical tropical environment is not 

disputable; however, understanding their specific mineral and 

geochemical characteristics is, without doubt, very important. 

This will help identify the specific needs that such clay 

addresses. Several studies have described clay to be one of the 

oldest materials used in the construction industry in the 

production of bricks [6], though there are other important 

consumables, such as steel, cement, rebar, and wood; however, 

clay plays a very critical role worldwide in building [7, 8]. This 

is because it has relatively low production and maintenance 

costs, long durability, a simple technique, and reliability, 

among other advantages [9]. The specific usefulness can only 

be ascertained through a detailed understanding of the mineral 

and chemical composition of the clay under study. On a global 

scale, the mineral composition of clay has been determined by 

Abdelmalek et al. [10] in the Jijel basin of Algeria. In their 

work, X-ray diffraction (XRD) was used. The results showed 

that the clay is rich in quartz and calcite as dominant minerals, 

while plagioclase feldspar and chlorite were also present in 

relatively lower quantities. The work was also complemented 

with oxide determination, using inductively coupled plasma-

mass spectrometry. The results showed that the average 

concentrations were SiO2 (52%), Al2O3 (16%), and CaO (8%). 

Other oxides included Fe2O3 (5%), which was relatively less 

abundant. The data from the study suggested that the clay can 

be used for tile and masonry brick production. Similar works 

have been carried out by Alcântara et al. [11] in Brazil, 

Tunisia, and Cameroon by Bennour et al. [12] and Bomeni et 

al. [13], respectively. These works used the mineral and 

chemical composition of pre-determined clay to identify the 

specific industrial applications of clay in their study location. 

In Nigeria, several studies have also been conducted to 

determine the mineralogical and chemical composition of 

clay, indicating its potential industrial applications. The works 

of Bomeni et al. [13] in parts of southeastern Nigeria, using 

the XRD method to ascertain the suitability of the clay 

deposits for industrial uses. Results of the analyses indicated 
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that kaolinite is the dominant clay mineral. There were traces 

of bentonite and dickite in the result of XRD, while non-clay 

minerals were also observed. These include quartz and 

hematite. The Chemical analysis of the clays, using Energy 

Dispersive X-Ray Fluorescence (ED-XRF), revealed 

relatively high amount of SiO2, Al2O3, Fe2O3 and TiO2 with 

values averaging from 45.4%, 20.6%, 15.42% and 4.4%, for 

the respective oxides, while the compositions of CaO, MgO, 

Na2O, and MnO in the analysed samples were found to be 

relatively lower with values ranging from 0.19 to 0.29%, 0.13 

to 0.19%, 0.11 to 0.70% and 0.01 to 0.03%, respectively. The 

data obtained suggested that the clay in the study area was 

suitable for engineering purposes, specifically for brick and 

tile making. This was also supported by other research [14-

16]. Recently, Aromolaran and Adebayo [17] worked on the 

mineralogical, chemical, and physical characteristics of clay 

bodies in a sedimentary basin of Bida in Northern Nigeria. 

around Share to know their industrial relevance, use the XRD 

and inductively coupled plasma-emission spectrometry (ICP-

ES) methods. From the result, kaolinite (88.17%) was the 

principal clay mineral, while quartz, muscovite, and 

paragonite were found to occur in minor amounts. The 

geochemical composition reveals moderate SiO2 (48.58 wt.%) 

but high Al2O3 (34.34 wt.%) contents, while MgO, CaO, K2O, 

Na2O, P2O5, Fe2O3, TiO2, MnO, and Cr2O3 contents were 

generally low in all the samples. It was deduced from the 

results that the clay bodies in the area can be utilized as raw 

materials in various industries, including ceramic, refractory, 

paper, paint, plastic, rubber, textile, fertilizer, and 

petrochemical. This also followed the earlier work [18] in the 

Anambra Basin, from the Oban Massif. In the work, there were 

relatively high concentrations of major oxides, SiO2 (69.67–

90.28%) and Al2O3 (5.10–15.24%), which made up about 76% 

of the bulk chemical compositions. The high content of SiO2 

shows that the source rocks are rich in quartz and silica-rich 

minerals, confirming the grittiness of the clay. Other oxides 

that were present occurred in relatively minimal amounts. The 

occurrences of CaO, NaO, and K2O, which are the major 

components of feldspar in clay, suggest the clay to be of 

granitic origin and were of relatively good materials for brick 

and other refractory materials. This also followed the same 

pattern as the works [19-23]. Similarly, Meimaroglou and 

Mouzakis [24] worked on the cation exchange capacity (CEC) 

as well as organic matter content in selected clay soils in 

Greece, to know their relative utilization in the construction 

and building industry. In the investigation, the sodium acetate 

method was used. It was established that the CEC provides 

information of stronger correlation with compressive strength 

and linear shrinkage in the clay. It was found that the relatively 

higher CEC had low linear shrinkage; hence, an increase in 

CEC potential increases shrinkage capability, thereby making 

the clay unsuitable for building materials such as brick 

making. This CEC outcome was in line with the investigations 

of previous studies [25-29], among others.  

In the foregoing, the understanding of the mineral and 

chemical compositions of the clay bodies under study will help 

in classifying the clay for the specific purpose that such clay 

material will be used for industrially. While undergoing a 

literature review of research work and submissions on the 

mineral and chemical composition of clay in Nigeria, 

information about such studies in this area is rare. No known 

research work has been carried out in this area of study, 

Ugieghudu (Figure 1), an area where artisanal mining of the 

clay is already going on. Hence, there is a need to conduct a 

scientific study on the clay to determine its mineral and 

chemical composition, specifically regarding its industrial 

applicability. Therefore, this research aims to determine the 

mineral and geochemical characteristics of the clay bodies in 

the study area and to assess their potential industrial uses. The 

study area is Ugieghudu (Figure 1), a community situated in 

Uhunmwode Local Government Area, Edo State, Nigeria. It 

falls within the western flank of the Anambra Basin, in the Imo 

Shale formation. The area can be accessed in the eastern part 

through Ehor, while accessing the study area through the west, 

south, and north through Igueben, Ugoneki, and Urhohi towns, 

respectively. It is about nine (9) kilometres away from Ehor 

town, four (4) kilometres from Urhohi, fifteen (15) kilometres 

from Igueben, and twenty (20) kilometres from Ugoneki. 

Other settlements around Ugieghudu include Obazagbon, Uhi, 

Egbisi, and Ugiegba, among other communities. The area falls 

under the rainforest area and experiences high rainfall between 

April and October each year. The dry season is between 

November and March each year. The area is generally 

forested, with tree heights ranging between 4 and 8 meters. 

Similarly, because of the rainforest ecological zone, the area 

promotes farming activities. Hence, in the area and other 

adjoining communities, there is the presence of small-scale 

farmers who farm crops like yams, Cassava, Plantains, Maize, 

Cocoa, among others. 

Figure 1. Study location 

2. GEOLOGY OF THE STUDY AREA

The study area falls within the Imo Shale (Figure 2), which 

is of the western part of the Formation, crossing the River 

Niger. It is of Palaeocene age, with exposures featuring clayey 

stone and iron-rich sandstone [30], as shown in Figure 2. The 

Imo Shale, which overlies the Nsukka Formation, consists of 

thick, fine-textured, dark/bluish grey clayey shale, with 

occasional admixture of clayey ironstone and sandstone bands, 

as presented in exposed outcrops in Figures 3 and 4. The 

formation becomes sandier and sandstone towards the top, 

where it consists of alternations of sandstone and shale [31]. 
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Nwajide and Reijers [32] interpreted the Imo Shale to reflect a 

shallow-marine shelf in which foreshore and shore face sands 

are occasionally preserved. They further inferred that in the 

Niger Delta, the subsurface Palaeocene deposits are essentially 

of (deep) marine origin and are equivalent to the Imo Shale. 

This Shaley clay is significantly present in the study area of 

Ugieghudu, Edo State, Nigeria. 

Figure 2. Geologic map of the study area [33] 

(a) (b) 

Figure 3. Field photograph of two exposed clay bodies at a 

river channel and an abandoned burrow pit 

(a) (b) 

Figure 4. Field photograph of an exposed clay body at 

another stream channel and an abandoned burrow pit 

3. MATERIALS AND METHODS

Clay samples were collected at various locations within the 

study area, Ugieghudu. Six (6) of the samples were collected 

at abandoned open mine pits, four (4) at steep river channels 

and erosion exposures, where we have a spring, suggesting 

contact between two varying lithologies. A total of 10 

representative clay samples were collected during the field 

sampling exercise. The samples were collected with a 

stainless-steel digger, hand auger, hoe, and shovel, 

respectively. The choice of sampling method was based on the 

relative exposure of the clay bodies at different horizons, as 

seen in Figures 3 and 4. The samples were stored in polymer 

bags and taken to the laboratory for further preparation. At the 

laboratory, the samples were air dried at a room temperature 

of 28℃ in a relatively closed room for fourteen days. After 

drying, the samples were sieved using a 63 μm mesh size to 

remove all organic and sandy materials from the samples. Ten 

samples were prepared for the cation exchange analysis. In the 

process, 5 grams each of the clay samples were measured and 

emptied into a tube with 1 N of ammonium acetate at a pH of 

7. This was aimed at separating the exchange sites of the clay

particles. The mixtures were shaken vigorously with a

mechanical shaker for at least 1 hour. To ensure complete

saturation. The samples were allowed to stay for 12 hours for

the sediments to be separated from the supernatant. This

process was repeated three times to remove the ions from the

clay samples properly. Thereafter, the concentration of the

displaced ammonium (NH4
+) was determined using flame

photometry.

Ten samples were selected for XRD analysis. The clay 

samples were analysed with a Malvern Panalytical Aeris 

diffractometer with PIXcel detector and fixed slits with Fe-

filtered Co-Kα radiation. The phases were identified using 

X’Pert High Score Plus software. The relative phase amounts 

(weights %) were estimated using the Rietveld method. This 

analysis was carried out at the XRD Analytical and Consulting 

CC, Lynnwood Glenn, South Africa, for the X-ray 

fluorescence analysis. The sieved samples were prepared in a 

sample cup, prepared with a propene thin film. The samples 

were now inserted in the Genius IF XRF tunnel and run with 

the warm X-Ray Lamp with proper settings of the voltage and 

emission current values to ensure that the observed deed time 

is between 35 and 40 kW. After heating, the smoothened 
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samples were allowed to cool; thereafter, the analyses were 

carried out. For the analysis, the prepared samples were placed 

in the XRF spectrometer for analysis by obtaining the 

spectrum accordingly. With the help of the Open XRS-FP 

Software, the concentration of oxides in the samples was 

obtained by collecting the intensity of the emitted X-rays 

based on the emitted energy. 

Similarly, the clay samples were further analyzed for 

Scanning Electron Microscope with energy dispersive X-ray 

spectroscopy (SEM EDS) to further ascertain the morphology 

and amounts of elemental oxides of the clay samples. Both the 

SEM EDS and XRF analyses were carried out at the National 

Steel Raw Material Institute laboratory, Kaduna. Also, 6 (six) 

other clay samples were selected for trace elements analysis, 

using the Inductively Coupled Plasma Mass Spectrometry 

(ICP-MS) method. Before the elemental analysis, the sieved 

samples at a mesh size of 53 µm were digested using the 

modified aqua regia (HNO3 and HCl in a ratio of 1:3) method. 

The trace element analysis was carried out at the Bureau 

Veritas Minerals Laboratories (BVML) in Vancouver, Canada. 

This method was chosen due to its low detection limits. All 

analyses were carried out in accordance with the established 

quality control protocols at the various laboratories. This 

includes the analyses of representative samples with reference 

materials, standards, and repetitive analyses of duplicate 

samples to certify the accuracy and correctness of the results 

obtained. 

4. RESULTS AND DISCUSSION

4.1 Physico-chemical characteristics 

The result of the pH, as shown in Table 1, suggests that the 

clay in the Ugieghudu area ranges from 5.11 to 6.78 in terms 

of pH. A relatively lower level of pH was recorded in samples 

ED2 (5.16) and ED8 (5.29). While in samples ED9 and ED6, 

the pH level was 5.93 and 5.87, respectively. Generally, the 

clay samples exhibit slight acidity characteristics. The results 

of the CEC showed a low to moderately low CEC (Table 1). 

Samples ED7 and ED2 showed the highest amount of CEC of 

62.25 meq/100 g and 52.52 meq/100 g, respectively. ED3 and 

ED10 showed 28.01 and 28.71 in meq/100 g, respectively. The 

relatively low CEC in the studied clay suggests a low presence 

of organic matter as well as a relatively low swelling capability. 

4.2 Mineralogical characteristics 

The results of the mineral composition of the clay are 

presented in Figure 5. This was determined using the X-Ray 

Diffractogram (XRD) reading pattern. And the summary 

results of the determined mineral composition, in percentage 

(%), are presented in Table 2. From the summary results, it 

was observed that kaolinite was the dominant mineral in all ten 

(10) samples analysed. Samples with relatively higher

concentration of kaolinite were ED9 (74.8) and ED2 (73.0),

while relatively low kaolinite mineral were found in samples

ED4 (33.9) and ED7 (55.9). Other locations with relatively

higher kaolinite were ED6 and ED5, with concentrations of

kaolinite in % of 67.6 and 63.8, respectively. Quartz recorded

the second-highest amount of mineral concentration in the

analysed clay samples. Samples ED4 (63.8) and ED7 (42.0)

recorded the highest concentration of quartz. While samples

ED9 (23.0) and ED2 (25.1). Other samples with relatively

higher concentrations of quartz were ED10 (35.8) and ED3

(35.4), respectively. Other minerals that were present, though

in relatively low to no amounts, were anatase, muscovite,

hematite, cristobalite, microcline, and plagioclase. The

relatively higher concentration of kaolinite essentially makes

the clay in the study area kaolinic, with a moderate to low

amount of quartz.

Table 1. Results for the pH and cation concentration of the studied clay 

Samples pH CEC meq/100 g 

ED1 5.93 40.62 

ED2 5.16 52.52 

ED3 5.27 28.01 

ED4 6.78 32.21 

ED5 5.11 46.92 

ED6 5.87 39.21 

ED7 5.32 62.25 

ED8 5.29 36.80 

ED9 5.93 46.22 

ED10 5.37 28.71 

Table 2. Summary results for the XRD minerals in the clay 

Quartz Kaol Anat Musc Hema Cristo Microcl Plag 

ED1 38.7 59.9 1.4 0 0 0 0 0 

ED2 25.1 73.0 1.8 0 0 0 0 0 

ED3 35.4 61.1 2.0 0 0 1.6 0 0 

ED4 63.8 33.9 1.3 0 0 1.0 0 0 

ED5 35.0 63.8 1.2 0 0 0 0 0 

ED6 30.8 67.6 1.7 0 0 0 0 0 

ED7 42.0 55.9 1.5 0.7 0 0 0 0 

ED8 28.6 67.2 1.9 2.3 0 0 0 0 

ED9 23.0 74.8 2.2 0 0 0 0 0 

ED10 35.8 60.1 0 0 1.7 0 0.7 1.9 
Kaol = Kaolinite, Anat = Anatese, Musc = Muscovite, Hema = Hematite, Cristo = Cristobilite, Microcl = Microcline, Plag = Plagioclase 
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(e) 

(f) 

(g) 

(h) 
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(i) 

(j) 

Figure 5. XRD of clay samples from the study area 

Figure 6 shows the crystal structures of the studied clay and 

their respective diffractograms, and Table 3 also shows the 

summary results of the elemental oxides concentration in the 

various clay samples studied. From the results of the SEMS 

images, it was observed that the minerals in the different 

samples exhibit anhedral to subhedral crystal structures, and 

the minerals were loosely packed. This suggests that the clay 

in the study area has undergone severe weathering effects, and 

possibly, its transportation may have involved varying sources 

of transportation and deposition and sedimentation, which 

allowed for a distinct mineral assemblage, as seen in all the 

images taken under 100 μm. The oxide concentration in the 

scanned images, as shown in Table 3, suggests that there is a 

significant amount of SiO2 and Al2O3 in all the clay samples 

studied. From the results, the SiO2 content (%) ranges from 

47.13 to 65.83 with a mean value of 47.12%. The highest 

amount of SiO2 in % was recorded in ED7 (65.83), as well as 

in sample ED2 (55.31). Other locations also showed an 

appreciable amount of SiO2 in the Clay samples. Similarly, the 

Al2O3 concentration also recorded a significant amount, which 

ranged from 21.67 to 32.46 in percentage (%), with a mean 

value of 29.17. Other oxides, such as Fe2O3 and TiO2, exhibit 

relatively low to moderate concentrations in the clay samples, 

as shown in Table 3.

Table 3. Summary results of selected elements from the scanning electron microscope (%) 

SiO2 Al2O3 Fe2O3 TiO2 K2O MnO SO3 CaO MgO Na2O P2O5 Cl 

ED1 47.13 31.53 14.26 5.38 0.69 0.59 0.22 0.2 0 0 0 0 

ED2 55.31 30.48 9.31 4.21 0.31 0.23 0.16 0 0 0 0 0 

ED3 54.05 32.46 8.32 4.15 0.9 0.12 0 0 0 0 0 0 

ED4 55.07 29.27 10.04 3.97 0.9 0.26 0.25 0.23 0 0 0 0 

ED5 57.32 28.13 8.76 3.46 1.02 0.95 0.37 0 0 0 0 0 

ED6 65.83 21.67 6.09 5.65 0.61 0.15 0 0 0 0 0 0 

ED7 51.32 29.39 14.55 4.19 0.42 0.13 0 0 0 0 0 0 

ED8 49.28 30.34 15.5 4.34 0.34 0.2 0 0 0 0 0 0 

ED9 54.8 27.44 12.25 4.74 0.46 0.31 0 0 0 0 0 0 

ED10 47.2 31.51 16.05 4.27 0.44 0.33 0.2 0 0 0 0 0 

Mean 53.75 29.17 11.53 4.44 0.63 0.32 0.12 0.04 0 0 0 0 

Min 47.13 21.67 6.09 3.46 0.31 0.12 0 0 0 0 0 0 

Max 65.83 32.46 16.05 5.65 1.02 0.95 0.37 0.23 0 0 0 0 
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(i) (j) 

(k) (l) 

(m) (n) 

(o) (p) 
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(q) (r) 

(s) (t) 

Figure 6. Scanning electron microscope of back-scattered images of the sampled clays in the study area, and energy dispersive 

X-ray spectroscopy (EDS) spectrum of the analysed clay, illustrating the major and minor peaks of minerals in the diffractograms

Table 4. Summary result for the elemental oxides in the studied clay (%) 

SiO2 TiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O MnO P2O5 

ED1 50.04 4.84 31.27 11.35 0.15 0 0 0.34 0.00 0 

ED2 57.56 4.23 30.06 6.09 0.12 0 0 0.23 0.04 0 

ED3 59.82 3.92 27.92 6.59 0.05 0 0 0.52 0.04 0 

ED4 58.18 3.8 26.74 7.24 0.25 0 0 0.75 0.03 0 

ED5 55.67 3.79 31.00 6.87 0.22 0 0 0.62 0.04 0 

ED6 66.89 5.69 20.84 4.04 0.18 0 0 0.51 0.04 0 

ED7 54.65 4.53 26.99 10.67 0.21 0 0 0.31 0.05 0 

ED8 49.81 5.1 24.27 14.48 0.41 0 0 0.33 0.06 0 

ED9 58.49 4.95 26.67 7.51 0.17 0 0 0.47 0.04 0 

ED10 43.85 4.23 26.57 17.89 1.72 0 0 0.26 0.07 0 

SDV 5.82 0.58 2.87 3.95 0.45 0.00 0.00 0.17 0.01 0.00 

Mean 55.72 4.55 27.14 9.03 0.34 0.00 0.00 0.46 0.05 0.00 

Min 43.85 3.79 20.84 4.04 0.05 0 0 0.23 0.03 0 

Max 66.89 5.69 31.27 17.89 1.72 0 0 0.75 0.07 0 

4.3 Chemical characteristics 

The summary results of the elemental (Major) oxides are 

presented in Table 4. From the results, it was observed that 

SiO2 concentration in the % range from 43.85 to 66.89, with a 

mean value of 55.72. It was followed by the relative 

abundance of Al2O3 (%), which ranged from 20.84 to 31.27, 

with a mean value of 27.14. Fe2O3 (%) ranged from 4.04 to 

17.89, with a mean value of 9.03. Other elements showed 

relatively low concentration, as presented in Table 4. In terms 

of their distribution, for SiO2, the highest concentration (%) 

was found in sample ED6 (66.89). other locations with 

relatively high amount of SiO2 were samples ED3 (59.82) and 

ED9 (58.47). Samples ED10 (43.85) and ED8 (49.81) 

recorded a relatively low amount of SiO2. Significantly, these 

samples showed a low standard deviation of 5.82, which 

suggests these samples have similarity in their SiO2 values. 

For Al2O3, clay samples with relatively high concentration (%) 

of Al2O3 were ED5 (31.00) and ED2 (30.06), while locations 

ED8 (24.27) and ED6 (20.84) recorded the least amount of 

Al2O3. Similarly, the standard deviation of 2.87 suggests close 

similarity of the Al2O3 concentration in the studied clay 

samples. A relatively low amount of Fe2O3 was observed in 

the studied clay samples. The Fe2O3 concentration (%) in the 
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clay samples ranges from 4.04 to 17.89, with a mean of 9.03 

and a standard deviation of 3.95. Samples ED8 and ED1 

(14.48 and 11.35, respectively) recorded the highest 

concentration of Fe2O3. In contrast, samples ED6 (4.04) and 

ED3 (6.59) recorded the lowest concentration of Fe2O3 in the 

clay samples. The other major elements, Ti2O, CaO, MgO, 

K2O, MnO, and MgO, were either very low or completely not 

detected in the clay samples as presented in Table 4. The 

results of some selected trace elements in ppm are presented 

in Table 5. Fourteen (14) trace elements were selected for 

studies in the analysed clay samples. From the results, 

elements such as Ba, Co, Pb, Zn, and Ni recorded mean values 

of 188.7 ppm, 3.0 ppm, 4.4 ppm, 5.0 ppm, and 0.7 ppm, 

respectively. Their concentration suggests a relatively low 

concentration in the clay. However, their presence in the clay 

is apparently due to intense weathering and chemical 

adsorption within the clay lattices, which is the hallmark of 

clay derived from the tropical environment that has received 

considerable rainfall, resulting in flux components in the clay 

samples. Other elements, such as U and Th, showed significant 

concentration in the clay, with a mean concentration of 5.00 

ppm for Uranium and 12.0 ppm for Thorium. These amounts 

were two (2) fold higher than the mean concentration of these 

elements in the Average Shale value as presented in Table 5. 

This suggests that the enrichment of Th and U in the clay is 

significantly high, apparently from a mixture of sources of the 

clay through weathering and transportation of sediments from 

varying fluxes. 

4.4 Sources of the clay (Provenance) 

The ternary plots of Al2O3/CaO+Na2O/K2O showed that the 

clay in Ugieghudu, especially, is rich in Al2O3, as almost all 

the plotted oxides fall on the Al2O3 arena, as observed in 

Figure 7(a). Similarly, the ternary plot of 

Al2O3/CaO+NaO+K2O/Fe2O3+MgO showed that the clay in 

the study area is essentially rich in Al2O3, as presented in 

Figure 7(b). This aligns very much with the plots of Figure 6. 

With the plots of Figure 7(c) and (d), it can be said that the 

clay in the study area is rich in clay alumina oxides, suggesting 

that the clay may have been weathered from felsic-rich rock 

rich in alkaline feldspar. The ternary plots in 7(c) and 7(d) 

essentially showed that there is a relatively high amount of 

SiO2 concentration, which also buttresses the fact that the 

parent source of the clay is from felsic rock. 

Efforts were also made to evaluate the clay under study 

based on Chemical indices such as Chemical Index of 

Alteration (CIA), Plagioclase Index of Alteration (PIA), and 

Index of Chemical Variability (ICV). These indices are used 

to assess the intensity of chemical weathering of rocks and, by 

extension, clay, which is derived from the weathering effect.  

The following formula was used to calculate the CIA, PIA, 

and ICV [34-36]. 

CIA =
𝐴𝑙2𝑂3

𝐴𝑙2𝑂3+𝐶𝑎𝑂∗+𝑁𝑎2𝑂+𝐾2𝑂
∗ 100 

PIA = 
𝐴𝑙2𝑂3−𝐾2𝑂

𝐴𝑙2𝑂3+𝐶𝑎𝑂∗+𝑁𝑎2𝑂−𝐾2𝑂
 ∗  100 

ICV = 𝐹𝑒2𝑂3+𝐾2𝑂+𝑁𝑎2𝑂+𝐶𝑎𝑂∗+𝑀𝑔𝑂+𝑀𝑛2𝑂3+𝑇𝑖𝑂2

𝐴𝑙2𝑂3

● Plot of CIA vs. PIA [35, 36]

The nature and intensity of chemical weathering found in

the studied clay were evaluated by estimating the CIA. CIA 

values less than 50% indicate no silicate weathering; 50–60% 

indicate low weathering; 60–80% is moderate, while above 

80% is considered intensive silicate weathering at the source 

area. Overall, the calculated CIA values range from 88.6 to 

98.5% for the samples under consideration. For the studied 

samples, the CIA values fall under the extreme silicate 

weathering category (Figure 8), which also aligns with earlier 

findings that the clay is ultimately derived from felsic rock. 

● Binary plot of CIA vs. ICV [37]

The plot of CIA vs. ICV proposed by Long et al. [37]

represents the maturity and weathering nature of clastic and 

clayey sediments. The index of compositional variability (ICV) 

is estimated for inferring the compositional maturity of 

sediments. The ICV values tend to be high during the 

weathering of early crystallised minerals (pyroxenes and 

amphiboles), while they decrease with the weathering of late 

crystallised minerals, including alkali feldspars (Figure 9).  

a 

b 

c 
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Figure 7. The ternary plots of Al2O3/CaO+Na2O/K2O; 

Al2O3/CaO+NaO+K2O/Fe2O3+MgO; 

Fe2O3+CaO+MgO/Al2O3+TiO2/K2O+Na2O; SiO2+50% 

(TiO2+Al2O3)+50% (MgO+CaO+Na2O_Fe2O3+K2O) 

Figure 8. Plot of CIA vs PIA [38] 

● Geochemical classification [39]

According to Oumla et al. [28], the logarithmic values of

the ratio of (SiO2/Al2O3) vs. (Fe2O3/K2O) to classify 

sandstones and shales basically into Fe-rich (Fe-shale and Fe-

sandstone) and Fe-poor (shale, wacke, litharenite, and arkose). 

In the plot, all of the studied samples fall in the Fe-Shale field, 

as presented in Figure 10. 

Figure 9. Binary plot of CIA vs. ICV representing maturity 

and weathering [37] 

Figure 10. Geochemical classification (SiO2/Al2O3) vs. 

(Fe2O3/K2O) [40] 

Table 5. Selected trace elements in the Ugieghudu clay (ppm) 

Type Ba Co Nb Sr Th U V Zr La Ce Cu Pb Zn Ni 

ED01 162 3.4 91.2 107.4 26.6 5.2 145 801 108.3 200.2 2.4 4.4 15 1.2 

ED02 255 9.3 136.7 134.5 24.6 5.1 134 809.5 113.3 175.9 7.1 14 10 7.1 

ED03 160 3.3 88.2 106.4 25.8 5 140 823.1 104.5 194.3 2.2 4.4 13 1.1 

ED04 163 3.5 109.2 92.2 23.1 5.8 152 1092.3 90.6 147.2 2.5 8.5 5 0.7 

ED05 202 3 84.2 122.1 25.8 8.6 125 1006.9 115 206.3 8 10.7 14 0.9 

ED06 190 4.5 95.9 128 27.5 5.3 204 1093.8 97.2 168.1 1.8 6.9 9 1.5 

STD 33.6 2.2 17.8 14.4 1.4 1.3 25.6 129.9 8.6 20.5 2.5 3.4 3.4 2.3 

Mean 188.7 4.5 100.9 115.1 25.6 5.8 150.0 937.8 104.8 182.0 4.0 8.2 11.0 2.1 

Min 160 3 84.2 92.2 23.1 5 125 801 90.6 147.2 1.8 4.4 5 0.7 

Max 255 9.3 136.7 134.5 27.5 8.6 204 1093.8 115 206.3 8 14 15 7.1 

ASC 600 20 20 400 12 2.0 130 800 40 100 50 20 90 80 

NASC 650 50 1.90 200 14.60 3.1 150 210 - - 50 20 85 55 

PASS 636 - 13 142 12.3 2.66 130 200 - - - - - 58

UCC 550 - - 350 10.7 2.8 60 190 - - - 15 71 -
ASC = average shale concentration, NASC = North America shale concentration, PASS = post-archean average shale, and UCC = upper continental crust 

Table 6. Comparison of the mean concentration of major oxides with other clays analysed 

Oxides A B C D E F G H I J 

SiO2 55.72 86.65 50.41 42.2 79.9 58.1 45.3 46.02 49.88 48.58 

TiO2 4.55 1.05 2.73 1.31 1.72 1.44 0.5 0.09 1.72 

Al2O3 27.14 10.59 31.62 26.2 9.57 15.4 38.38 38.07 37.65 34.34 

d
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Fe2O3 9.03 0.24 2.43 5.1 2.06 4.24 0.3 0.33 0.88 0.7 

CaO 0.34 0.01 0.11 1.6 0.01 3.11 0.05 0.38 0.03 0.11 

MgO 0.00 0.02 0.17 0.7 0.09 2.44 0.25 0.01 0.13 0.06 

Na2O 0.00 0.01 0.02 2.9 0.07 1.3 0.27 0.27 0.21 0.11 

K2O 0.46 0.12 0.29 8.3 1.87 3.24 0.01 0.43 1.61 0.42 

MnO 0.05 0.1 0.17 0.03 0.02 0.01 

P2O5 0.00 0.02 0.14 0.03 0.06 

LO1 2.71 5 9.82 10.23 4.7 13.03 13.97 13.47 12.43 13.02 
A = This Study; B = Aloji Clay (Anambra Basin [20]); C = Ubiaja Clay (Edo Central [20]); D = Afam Clay (Calabar Flank [20]); E = Agbenema (Northan 

Anambra Basin [20]); F = Average Clay/Share [40]; G = Share Clay [17]; H = Fertiliser [41]; I = Agriculture [42]; J = China Ball Clay [42] 

The mean concentration of principal oxides in the clay of 

this study was compared with similar clay studies in Nigeria 

and elsewhere. From the results, SiO2 mean content (55.72%) 

in this study, is closely comparable in mean concentration of 

SiO2 content with clays in Ubiaja (50.41%), Average Shale 

(58.1%) [40], Share Clay (45.30%) [17], NAFCON, clay, 

(46.72%) [41], for fertiliser production, China Ball Clay 

(48.58%) [42], among others. However, the SiO2 clay content 

in this study is significantly lower in concentration when 

compared to the clay in Alori (86.65%) in the Anambra basin 

[20]. Al2O3 mean content (27.14%) in this study, is found to 

be similar in mean content to clay in Share (38.38%) [17, 40], 

(38.07%) [40], among others, but slightly higher in 

concentration compared to clay from Aloji area (10.59%), and 

Average Shale concentration (15.4%) [38]. Other Oxides also 

followed a similar pattern of varying concentration of other 

Oxides as presented in Table 6. 

4.5 Discussion 

Clay has a wide range of industrial applications. Clays' 

applications are a function of their crystal structures, mineral 

and chemical characteristics. It is these three main attributes, 

that come to play in their physical properties as reported by 

previous studies [17, 43-48], from the mineral composition, of 

the clay, being studied, the result of the XRD and the back 

scattered image of the scanning electron microscope, it was 

observed that the Ugieghudu clay is essentially rich in 

kaolinite, as presented in Table 2 and the diffractograms in 

Figure 3, kaolinite range of between 33.9% to 74.8%, as well 

as a relatively high amount of quartz ranging from 23.0% to 

63.8%. A relatively low amount of other minerals, such as 

Anatese, 1.2%–2.2%, was found in the clay. Muscovite, 

Hematite, Cristobalite, Microcline, and Plagioclase occurred 

in relatively minute concentrations. The pattern of 

concentration was like the analysed samples of a previous 

study [42]; Cretaceous Middle Georgia Clay [3]; Share Clay 

[17], among others, which have been recommended as 

important feedstock for some industrial applications, such as 

brick making, ceramics, and cement production. The result of 

the scanning electron microscope is found to be in close 

resemblance with the XRD results, where the mean 

concentration of Al2O3 was found to be between 29.17%, 

while the SiO2 concentration had a mean value of 53.75%. 

Though there was a considerably low amount of Fe2O3 

(11.53%), as well as other oxides such as TiO2 (4.44%), among 

others. The results of the major oxides were evidently similar 

to the mineral composition of the clay. The major oxide 

elements showed that SiO2 and Al2O3 make up over 80% of 

the bulk chemical composition of the clay. In contrast, the 

other oxide elements showed relatively low concentration, 

including TiO2, Fe2O3, CaO, MgO, NaO, K2O, and P2O5, 

accounting for less than 20% of the bulk amount. The 

relatively high amount of SiO2 and Al2O3 makes the clay 

kaolinite, hence making it suitable for industrial utilizations as 

compared to other recommendations of similar clays in the 

tropics of Nigeria. The considerably high mean amount of 

Fe2O3 in the clay (9.03%) suggests the influence of tropical 

weathering, which presents a horizon of the top layer profile 

that is rich in laterite layers overlying the clay deposits. The 

relatively low amount of K2O (0.46%) suggests that the clay 

has undergone severe weathering effects, which is evident in 

sedimentary environments [43, 44]. The results of the CIA and 

ICV show that the values of 88.5% to 98.5% suggest that the 

clay is apparently from felsic origin, that is, the parent rock, 

and are of great maturity of the clay sediments, which aligns 

with the works [43, 44]. The plots of the log of Fe2O3/K2O 

over log SiO2/Al2O3 in Figure 10, plots perfectly on the Fe-

Shale region. This suggests an alignment with the geology of 

the study area, typical of sections of the Imo Shale formation 

[32], about the Iron-rich Shale in the area. The mean 

concentration of some selected elements as determined in the 

clay being studied was compared with the average shale 

concentration (ASC), North America shale concentration 

(NASC), post-archean average shale (PASS), and upper 

continental crust (UCC). From the results shown in Table 5, 

the Ba mean content in ppm (188.7) in the studied clay was 

found to be lower than the results of Ba in ASC (600), NASC 

(650), PASS (636), and UCC (555). The Co (4.5) content in 

ppm was also found to be lower than the average content of 

Co (ppm) in ASC (20) and NASC (50). Similar lower 

concentrations were observed in Sr, Zr, Cu, Pb, Zn, and Ni, 

compared to the mean concentration in the referenced reports 

of ASC, NASC, PASS, and UCC. This result aligns closely 

with the submissions of studies [49, 50]. The relatively lower 

concentration of these elements in this clay may have been 

because of intense weathering of this clay under study, before 

and during the process of sedimentation, as well as the effect 

of the high rate of rainfall, typical of the tropical environment 

in Nigeria. Similarly, it may have been as a result of the 

presence of a high concentration of quartz in the clay [51, 52]. 

As a result of selective leaching of the elements arising from 

variation in the sizes of their ions, even though it is common 

knowledge that elements are in great association with clay 

minerals. There were relatively high amounts of U, V, Zr, La, 

and Ce in the clay under study compared to the mean values 

of these elements in ASC, NASC, PASS, and UCC. This may 

have been because of the effect of high mobility of light ion 

elements during weathering and the high rate of hydration that 

is associated with the weathering processes, resulting in 

subsequent enrichment during sediment transportation and 

sedimentation. This phenomenon is in corroboration with the 

submission of a previous study [46]. The mineralogical and 

chemical results of Ugieghudu clay suggest that the clay is rich 

in kaolinite, as well as a considerable amount of quartz. It can 

be said that the clay is kaolinitic; hence, it fits in properly for 

various industrial feedstocks for which kaolin-rich clay can be 

used. The considerable amount of Fe2O3 and TiO2 also makes 

the clay effectively suitable for some industrial applications, 

where necessary [46-48, 53]. Such industrial uses that the 
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Ugieghudu clay can effectively be used for include, as fillers 

and extenders in the production of papers, as a formula for 

paint production, and as inert extenders in fillers. Other 

possible industrial applications include feedstocks for 

pharmaceuticals, as adsorbents and diluents in tablet and 

capsule production, cosmetics, the production of fertilizers, 

ceramics, cements, and other uses. 

5. CONCLUSION

The Ugieghudu clay has been studied. The clay occurs as 

layers of beds within the Imo Shale formation, which lies on 

the western flank of the Anambra basin, Southern Nigeria. The 

results of the XRDs, which measure the mineral distributions 

in the clay, showed that the Ugieghudu clay is essentially rich 

in kaolinite. There is a significant amount of quartz and 

anatase in the studied clay. In the same vein, there is a very 

low to no amount of muscovite and cristobalite in about 20% 

of the samples in the analysed clay. The results of the major 

oxide elements showed that the clay is rich in Al2O3, with an 

average amount of 27.14% as well as an average concentration 

of SiO2 of 55.72%. Other elemental oxides with considerable 

amounts include TiO2 (4.55%) and Fe2O3 (9.03%). Other 

oxides with very low to no concentration include CaO, MgO, 

Na2O, K2O, MnO, and P2O5. These results corroborate the 

results of the back-scattered images of the scanning electron 

microscope. The weathering effect evaluation of the nature of 

the clay suggests that the clay has undergone high weathering 

processing, as well as the fact that the clay has experienced a 

higher CIA, with significant maturity, hence plotting on the 

Fe-Shale-field portion of the geochemical log plots of 

SiO2/Al2O3 vs. Fe2O3/K2O table. Comparative assessment of 

the chemistry of the clay with other published submissions 

showed that the clay fits in very well with other clays that are 

significantly relevant for various industrial utilizations. Hence, 

the Ugieghudu clay deposits, with all these attributes, are 

beneficial in several industries, such as refractories, fertilizers, 

ceramics, and cement production, among others. 
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