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Abstract

Clay deposits in the Middle Benue Trough have received limited attention compared to petroleum
and metallic mineral resources, despite their industrial relevance. This study presents a
comparative mineralogical, geochemical, and geotechnical characterization of clay deposits in
Lafia and Doma, North Central Nigeria, to evaluate their industrial potential. Representative
samples were analyzed using X-ray fluorescence for major oxides, X-ray diffraction with Rietveld
refinement for mineral quantification, and standard geotechnical tests for particle size distribution
and plasticity. The clays are mostly kaolinitic, with an average kaolinite content of 42.0 wt% and
a quartz content of 38.25 wt%. Major oxide composition is dominated by SiO, and AlbO3, with
mean AlbO; values higher in Lafia samples. Chemical Index of Alteration values above 89 indicate
intense weathering of the source materials. Particle size analysis shows dominant fine fractions,
and plasticity tests classify Doma clays as moderately plastic and Lafia clays as highly plastic
inorganic clays. Comparison with reported industrial compositional ranges suggests that the clays
possess favorable characteristics for ceramic products such as tiles, bricks, and stoneware, while
Lafia clays compare well with reported compositional requirements for cement raw feed or
calcined clay applications. Elevated FexOs contents may limit direct use in high-grade paint
applications without further processing. The study provides baseline mineralogical and
geochemical data for industrial screening of clay resources in the Middle Benue Trough and
establishes a foundation for further performance-based testing.
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1. Introduction

Clay deposits are widely distributed across Nigeria and occur both as residual products of
basement rock weathering and as transported sediments within sedimentary basins (Onyekuru et
al., 2018; Adeola et al., 2020; Bolarinwa et al., 2021). In the Middle Benue Trough, clay deposits
form part of the sedimentary succession of the Lafia Formation, where favorable depositional and
weathering conditions supported their development.

Geologically, Lafia and Doma lies within the Middle Benue Trough, which contains a thick
succession of marine and continental sedimentary units, including the Albian Asu River Group
and the Cenomanian Awgu Formation (Akande et al., 2012). Figures 1 and 2 show the location
of the Middle Benue Trough and the stratigraphic succession respectively. The target clay deposits
are hosted within the Campanian—Maastrichtian Lafia Formation, which consists of interbedded
sandstone, siltstone, and clay horizons deposited in fluvial to continental environments (Patrick et
al., 2013).

Clays are important industrial raw materials due to their mineralogical composition, particle size
distribution, plasticity, and chemical characteristics. The global kaolin market was valued at
approximately 4.41 billion US dollars before 2022 and is projected to grow steadily due to
increasing demand from ceramics, cement, paints, refractories, and environmental applications
(Grant View Research, 2019-2020; Buyondo et al., 2022). Their industrial suitability depends
primarily on mineralogical composition, oxide chemistry, and geotechnical behavior (Singh,
2022), which influence the performance and quality of kaolin in various applications such as
ceramics, cement, and paints, ultimately affecting the overall market growth and demand for kaolin
in these sectors, particularly as industries seek higher-quality materials to meet evolving standards
and consumer preferences.

Kaolinite-rich clays are widely used in ceramic products such as tiles, bricks, and pottery due to
their plasticity and firing behavior. In the cement industry, clays contribute silica, alumina, and
iron to kiln feed and may serve as supplementary cementitious materials when properly processed
(Mousavi et al., 2021; Cheah et al., 2025). In paints and coatings, clay minerals function as fillers
and stabilizers, though their performance is strongly influenced by iron oxide and titanium contents
(Buyondo et al., 2022; Igwe et al., 2016). These applications require systematic mineralogical and
chemical characterization before industrial adoption to ensure that the clay minerals meet the

necessary performance standards and compatibility with other components in the formulations.
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Despite the economic importance of industrial minerals, most geological investigations in the
Middle Benue Trough have focused on hydrocarbon potential and metallic mineralization. Studies
addressing clay deposits in the Lafia Formation are limited in scope and spatial coverage. Obrike
et al. (2019) examined clay members in Shabu and Doma; however, the comparative assessment
of Lafia and Doma clay deposits remains limited, particularly with integrated mineralogical,
geochemical, and geotechnical evaluation.

Given increasing industrial development within Nasarawa State and the need for locally sourced
raw materials, a systematic assessment of these clay deposits is necessary. This study provides a
comparative mineralogical, geochemical, and geotechnical analysis of clay deposits in Lafia and
Doma within the Middle Benue Trough. The objective is to evaluate their industrial potential based
on compositional screening and established industrial reference ranges, thereby providing baseline
data for future performance-based testing and resource development. While the geological context
is established through field mapping, the analytical focus of this study remains strictly on the
mineralogical, geochemical, and geotechnical characterization of the clay horizons to determine
their preliminary industrial suitability. Detailed sedimentological facies modeling and architectural
stratigraphic logging are beyond the scope of this performance-based assessment.
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Figure 1. Geological Map of the Benue Trough and its Environs (after Zaborski, 1998). LBT -
Lower Benue Trough; MBT - Middle Benue Trough; UBT - Upper Benue Trough. 1.
Precambrian Basement Complex. 2. Jurassic Younger Granite Complexes. 3. Cretaceous

sediments. 4. Tertiary sediments. 5. Cenozoic-Recent volcanics. 6. Middle Benue Trough

105



Aliyu et al. MISTEM Vol 2 (2026) pp. 103 -129

Chrono- Formation Litholo Paleo-
stratigraphy | (Approx.thickness) gy environment
Tertiary- Alluvium Sands Alluvial
Quaternary Volcanics Volcanics Volcanics
astrichti . Sandstone
Maastrichtian Lafia Formation _ s _
(300 m) Siltstones, Fluvial
Campanian Claystones
Santonian
) Shales, coals, )
Chmiacian Awgu Formation | Limestones, |Shallow marine,
(1000 m) Sandstones, deltaic
g Siltstones
Turonian - :
Ezeaku Formation |Shales, Limestones| Shallow Marine
(500 m) e
Cenomanian |Keana Fnl]~ Awe Fm. ‘Sai?tsmg%?’ Fluviodeltaic
L00m | (400m) ) Claystones |
Arufu, Uonba, Gboko .
: A e Shales, Limestones :
Fms. (Asu River Grou; , Marin
Albian ( (1800 m) . Sandstones REIE
Pre-Albian - . Grar_nitcs, anis_scs, Igneous )
Basement complex | gohig Migmatites|  Metamorphic
Minor unconformity Major unconformity

Figure 2. Stratigraphic successions of the Middle Benue Trough (Obaje, 2009)

2. Methodology

This study employed field geological mapping and sampling, X-ray fluorescence (XRF) for
analysis of major oxide compositions, X-ray diffractometry (XRD) for mineralogical analysis, the
hydrometer test for particle size distributions, and the Atterberg limit test for determination of
plasticity.

2.1. The Study Area

This study covers areas around Lafia and Doma, situated within the Middle Benue Trough in North
Central Nigeria. It covers about 250 square kilometers and is located within coordinates of latitude
of 08° 21" 00"N to 08° 30" 00"N and longitude 8° 21" 00"E to 8° 36’ 00"E. It is covered by rock
units of the Awgu Formation (Cenomanian) and Lafia Formation (Maastrichtian) located within
the Middle Benue Trough of North Central Nigeria (Figure 3). The defined study area represents
the spatial extent of observable clay occurrences around the Lafia and Doma areas, rather than a

uniformly sampled surface. Sampling density is controlled by the distribution of natural exposures
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(example, gullies, river channels, and road cuts), which is typical of reconnaissance-level
geological investigations in sedimentary terrains.

The litho-section study of the Awgu Formation in the study area reveals a sequence of coal seams,
carbonaceous shale, sandstone, clay, and siltstone. The Lafia Formation is composed of layers of
sandstone, siltstone, clay, and ferruginous sandstone. Obrike et al. (2019) reported the thickness
of the Lafia Formation around Lafia town to range from 10 m to 150 m, and it becomes thicker
southward toward Doma town.

The clay occurs as a layer in the Lafia Formation, forming a stratigraphic sequence with sandstone
and siltstones (Figure 4a) and ranging in thickness from 10 cm to 5 m within the section. Good
exposures were seen along the gullies. The clay varies in color: creamy white (Figure 4b), light

gray (Figure 4c¢), and mottled purple (Figure 4d) with a content of sand and silt particles.
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Figure 3. A lithological map of the study area shows the distribution of rock units.
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Figure 4. The different exposures of clay in the study area. (a) clay interbedded with sandstone
(b) creamy white clay (c) light grey clay (d) mottled purple clay

2.2. Fieldwork and Sampling

Field geological mapping and sampling form the first phase of the research. Mapping was
performed by following exposures along road cuts, stream channels, gullies, and valleys to
delineate various lithological units. At each site, detailed notes were made on the rock type, texture,
color, and mineral content in the hand specimen.

Although the clay horizons are typically thin (<1.5 m) and laterally continuous, with limited
vertical exposure, compositional variation in vertical section was not quantitatively assessed, and
this serves as a limitation in this study. Consequently, potential vertical geochemical or
mineralogical gradients within the clay units remain unresolved and require further investigation
using systematically stratified sampling. Field observations revealed variations in color (creamy
white, light grey, and mottled purple), texture, and degree of ferruginization, which are interpreted
to reflect differences in weathering intensity and depositional conditions. These variations were

used to guide representative sampling across the study area.
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Given the limited thickness and apparent lateral continuity of the clay units, formal stratigraphic
logging and layer-by-layer sampling were not conducted due to the absence of complete vertical
sections. As a result, stratigraphic control on compositional variability is limited, and the present
study focuses on representative sampling rather than detailed stratigraphic resolution. The
locations of sample points were recorded with a Global Positioning System (GPS) and used to

produce a sample location map (Figure 5).

8°35'F

8°30'N

Legend
¥ Sample Point
== Major Road
— Minor Road
= = ;
in Tn |~ Rail Road
g | 3\1 — River
B Contour
; V7] Settlement

Figure 5. A map of the study area shows locations where clay samples were collected.

2.3. Laboratory Analyses

Five samples of clay were selected, each from the Lafia and Doma areas (making a total of ten
samples), for XRF, hydrometer test, and Atterberg limit test. Four representative samples were
selected for XRD analysis to determine mineralogical composition. For this preliminary
mineralogical characterization, the selected four samples were selected to serve as end-members
to capture the primary mineralogical trends across the study area. These samples were chosen
based on distinct lithological variations, including color differences and spatial distribution, to
establish baseline compositional characteristics.

The samples were oven-dried and pulverized to particle sizes below 150 um. XRD measurements
were conducted using a Rigaku Miniflex 600 diffractometer equipped with Cu-Ko radiation
operating over a 20 range of 2° to 70°. Quantitative phase analysis was performed using full-

pattern Rietveld refinement implemented in the PANalytical software package. Background
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fitting, peak profile modeling, scale factor refinement, and instrumental broadening corrections
were applied during the refinement process. Mineral phase identification was based on comparison
with the ICDD database, and phase abundances were determined from refined scale factors.

0.4 g of the powdered sample was fused with 7.6 g of flux to form glass beads, which were used
for XRF analysis employing Genius—IF Xenemetrix XRF equipment. The XRF instrument was
calibrated using certified reference materials to ensure analytical accuracy. Instrument calibration
was performed using certified reference materials to ensure analytical accuracy. Analytical
precision for major oxides is better than 0.5 wt%, and detection limits (LOD) are approximately
0.01 wt%, depending on the specific oxide and instrument configuration. No replicate analyses
were performed; therefore, analytical reproducibility is inferred from instrument calibration and
precision rather than duplicate measurements. The level of chemical alterations of the analyzed
clays was evaluated using the chemical alteration index in Equation 1. Relative oxides were
normalized and plotted as triangular diagrams.

Laboratory tests to determine the grain size, physical, and geotechnical performance of the clays
were also carried out. A hydrometer test to determine the grain size distribution of the clay was
performed based on ASTM D7928 standards. Samples were dispersed using sodium
hexametaphosphate solution as a dispersing agent. Temperature corrections were applied
according to ASTM D7928. Atterberg limit tests, comprising Liquid Limit (LL), Plastic Limit
(PL), and Plasticity Index (PI), were performed in line with ASTM D4318 standards.

A1203
A1203+Ca0*+Na20+K20

CIA=[ ]x100 |

CaO* represents the value of CaO derived only from silicate minerals.

3. Results

The XRD investigation reveals that quartz and kaolinite are the predominant minerals in the
diffraction patterns. Additional minerals comprise orthoclase, illite, muscovite, and albite.

The percentage composition of the mineral phases and the diffractogram are presented in Table 1
and Figure 6, respectively. The mineralogical percentage of the clay samples in Lafia has more
kaolinite and less quartz content than the clay samples in Doma. Generally, the quartz composition
ranges from 30 wt% to 45 wt% with an average of 38.25 wt%. Kaolinite has an average of 42.0
wt% with a range of 32.0 wt% to 51.0 wt%. Other mineral phases in the clays have less than 10.0

wt%.
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Table 1. Percentage composition of mineral phases in clay deposits of the study area

S/No. Quartz | kaolinite | Orthoclase | Illite | Muscovite Albite
DM2 45 32 9 3 9 2
DM3 40 36 9 5 6 4
LF1 38 49 5 2 4 2
LF2 30 51 7 3 6 3
Average | 38.25 42 7.5 3.25 6.25 2.75

NB: DM2 and DM3 are Doma clays, while LF1 and LF2 are Lafia clays.

The oxide compositions of the clay samples, as presented in Table 2, show that SiO> and AlbO3
are the dominant oxides, followed by a significant concentration of Fe;Os. Other oxides, such as
Ti0,, Ca0, K»0, MnO, and MgO, were present in small quantities, although one clay sample from
Doma exhibits relatively elevated MgO compared to the other analyzed samples. The
concentration of SiO2 ranges from 45.55 wt% to 52.73 wt% with a mean value of 49.47 wt%.
Al>05 has a range of concentrations between 24.01 wt% and 44.87 wt%, with an average of 37.18
wt%. Fe;Os; and TiO; have little significance, with concentrations of 3.95 and 2.04 wt%,
respectively. Other oxides have a concentration of less than 1.5 wt%. There is noticeable variation
in the concentration of Fe2O3 and Al20O3 in the Doma and Lafia clay samples. Samples in the Doma

area have higher FeoO3 content compared to those in Lafia, while samples in Lafia have higher

AL Oj3 content than the samples in Doma.

Table 2. Major oxide compositions of clay deposits

Oxides Doma clay Lafia clay

(Wt%) Min Max Average | Stdev. Min Max Average | Stdev.
Si0» 46.20 52.73 49.30 2.48 45.55 52.13 49.63 2.66
Na,O 0.18 0.45 0.28 0.11 0.21 0.55 0.43 0.13
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MgO 0.21 4.32 1.61 1.58 0.42 1.12 0.75 0.29

Fe>0s3 6.66 17.28 10.47 4.47 2.55 5.12 3.95 0.96

CaO 0.11 0.93 0.55 0.31 0.20 0.78 0.39 0.22

ALO3 24.01 38.44 32.71 5.59 40.05 44.87 41.64 1.95

K20 0.55 2.1 1.47 0.63 0.32 1.71 0.80 0.53

MnO 0.04 0.09 0.06 0.02 0.04 0.07 0.05 0.01

Ti02 1.85 4.384 291 1.15 1.18 2.80 2.04 0.77

SO; 0.12 0.92 0.58 0.33 0.05 0.40 0.28 0.15

P>0; 0.00 0.03 0.01 0.01 0.00 0.05 0.03 0.02

CIA 89.34 96.61 92.75 2.65 92.95 97.52 95.19 1.63

The grain size distribution of the clays (Table 3) shows that clay, silt, and sand grains in Doma
clay have averages of 71 wt%, 8.8 wt%, and 20.2 wt%, respectively, while the Lafia clay has
corresponding values of 74.2 wt%, 9.2 wt%, and 16.4 wt%, respectively. The Atterberg Limit Test
result (Table 3) shows Lafia has average Liquid Limit (LL), Plastic Limit (PL), and Plasticity
Index (PI) values of 53.76 %, 26.08 %, and 27.68 %, respectively. These corresponding values are
lower in the clay samples of Doma, with values of 43.98 %, 20.74 %, and 23.24 %, respectively.

Table 3. Summary results of particle size and Atterberg limit test of clay samples

Sample Code | Doma clay Lafia clay

Min Max Ave Stdev Min Max | Ave Stdev

Clay particles | 68.0 |74.0 |71.0 2.24 72.0 79.0 | 74.20 2.95

Sand particles | 6.0 10.0 8.8 1.79 8.0 11.0 |9.20 1.30

Silt particles 16.0 |24.0 |20.2 3.03 16.0 20.0 | 16.40 3.91
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Liquid Limit 38.6 48.0 43 98 3.59 49.6 58.2 53.76 3.09
Plastic Limit 16.1 234 20.74 3.44 233 38.6 26.08 2.27
Plasticity 206 |264 |23.24 2.46 25.55 31.1 |27.68 2.69
index

4. Discussions

The dominance of kaolinite confirms the kaolinitic nature of the clay deposits, which is consistent
with typical weathering products of feldspar-rich source rocks (Boukoffa et al., 2021; Garcia-
Valles et al., 2020). The presence of significant quartz reflects its resistance to chemical weathering
and contributes to the textural characteristics of the clay (Ayalew & Demir, 2023). The occurrence
of feldspar minerals (orthoclase and albite) indicates incomplete alteration of the source material,
suggesting that weathering processes were not sufficient to entirely transform all primary minerals.
Additionally, the presence of muscovite supports a felsic provenance, consistent with derivation
from basement complex rocks (Yuan et al., 2019).

The geochemical composition is consistent with a kaolinitic clay system, characterized by the
predominance of SiO; and Al>O3, which correspond to the dominant quartz and kaolinite phases
identified mineralogically. This compositional relationship reflects the aluminosilicate nature of
the clay and is typical of kaolin deposits derived from weathering of feldspar-rich source rocks
(Ayalew & Demir, 2023; Dewi et al., 2018). The observed oxide proportions therefore support the
mineralogical interpretation and confirm the classification of the deposits as kaolinitic clays.

The low concentrations of Na>O, K>0O, CaO, and MgO indicate significant depletion of mobile
elements, consistent with advanced chemical weathering of feldspar- and mica-bearing source
rocks (Yuan et al., 2019). This interpretation is supported by the high Chemical Index of Alteration
(CIA) values and the position of the samples on the ternary plot (Figure 7), both of which reflect
intense weathering conditions. The depletion of these alkali and alkaline earth elements also
suggests the absence of expandable clay minerals such as montmorillonite, which is consistent

with the mineralogical results showing dominance of kaolinite (Lorentz et al., 2018).
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Figure 6. XRD diffractogram for clay samples in the study area.
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The low concentrations of MgO and CaO indicate depletion of carbonate-related components
and support a felsic provenance for the clay deposits (Onyekuru et al., 2018; Lei et al., 2022).
The relatively elevated Fe;Os content observed in some samples is consistent with the
ferruginous nature of associated lithologies within the Lafia Formation, where ferruginized
sandstones are interbedded with clay, siltstone, and sandstone units. However, XRD analysis
does not indicate the presence of identifiable iron oxide minerals such as hematite or goethite.
This suggests that the iron is likely present in dispersed, amorphous, or poorly crystalline forms
below the detection limit of XRD, rather than as discrete crystalline mineral phases. The
observed Fe>Os enrichment is therefore interpreted as reflecting lithological association rather
than a specific post-depositional process.

As kaolinite structurally contains negligible Mg, the elevated MgO value observed in one
Doma sample is considered a localized geochemical outlier rather than a representative feature
of the regional deposit. Since XRD analysis did not identify specific Mg-bearing phases such
as smectite or chlorite, the mineralogical host of this enrichment remains unconfirmed at the
current resolution. Consequently, this occurrence is treated as localized compositional
variability without further inference of widespread geological processes.

The high Chemical Index of Alteration (CIA) values indicate intense chemical weathering
(Figure 8), characterized by significant depletion of mobile cations such as Ca*", Na*, and K*
during feldspar alteration (Mangold et al., 2019). This reflects advanced weathering of the
source materials under humid conditions, leading to enrichment in relatively immobile Al-
bearing phases such as kaolinite (Goldberg & Humayun, 2010). The slightly higher CIA values
observed in Lafia samples suggest a marginally greater degree of weathering compared to those
from Doma, consistent with their relatively higher kaolinite and Al>O3 contents. Overall, the
CIA data supports derivation from strongly weathered felsic source rocks and significant pre-
depositional chemical alteration.

The high Chemical Index of Alteration (CIA) values indicate intense chemical weathering
(Figure 8), characterized by significant depletion of mobile cations such as Ca**, Na*, and K*
during feldspar alteration (Mangold et al., 2019). This reflects advanced weathering of the
source materials under humid conditions, leading to enrichment in relatively immobile Al-
bearing phases such as kaolinite (Goldberg & Humayun, 2010). The slightly higher CIA values
observed in Lafia samples suggest a marginally greater degree of weathering compared to those
from Doma, consistent with their relatively higher kaolinite and Al>O3 contents. Overall, the
CIA data supports derivation from strongly weathered felsic source rocks and significant pre-

depositional chemical alteration.
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Figure 7. Ternary plot showing the degree of alteration of clay in the study area (after Nesbitt
& Young, 1984)

The grain size distribution indicates that the clay samples are predominantly silty clays
according to the Shepard (1954) classification (Figure 8). Comparative analysis shows that
Lafia samples contain a higher proportion of clay-sized particles, whereas Doma samples are
relatively enriched in sand and silt fractions. This variation is consistent with differences in
mineralogical composition, particularly the higher quartz content observed in Doma samples.

The particle size characteristics further influence the inferred hydrogeological properties of the
clays. Based on the McManus (1988) classification (Figure 9), the samples generally exhibit
low porosity and low permeability, with some Lafia samples showing relatively higher porosity
but very low permeability. These properties are consistent with fine-grained, kaolinitic clay

systems.
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Figure 8. Ternary diagram showing particle size of clay samples in the study area (after

Shepard, 1954)
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Figure 9. Triangular diagram of particle sizes showing porosity and permeability of clay
samples (after McManus, 1988)
Generally, the clay content of clay samples influenced the plasticity (Oumar et al., 2022);

hence, clay samples in Lafia have high clay content. The plasticity index determines the
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plasticity and compressibility of clays. A higher plasticity index indicates increased flexibility,
compressibility, and larger volume change characteristics of the clays (Ihekweme et al., 2021).
The Casagrande plasticity chart was used to show the degree of plasticity and classification of
the clay samples (Figure 10). All the clay samples were plotted above the A-line, signifying
inorganic clays. However, the clay samples in Doma can be described as medium-plastic

inorganic clays, while the clay samples in Lafia are high-plastic clays.
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Figure 10. The Casagrande soil classification plot shows Doma and Lafia clay samples
plotted in intermediate and high plasticity, respectively (Casagrande, 1948).

S. Industrial Potential

Clays are important raw materials in several industrial sectors, particularly ceramics, cement,
bricks, and coatings. Their industrial applicability depends on mineralogical composition,
oxide chemistry, particle size distribution, plasticity, and performance during thermal
processing. The present assessment is based on mineralogical, geochemical, and geotechnical
screening and therefore represents a preliminary evaluation rather than a full performance-
based validation.

The compositional thresholds used for this assessment are derived from published case-specific
studies and serve as comparative indicators rather than universal or globally applicable
standards. Industrial suitability is presented as application-dependent, and these benchmarks
provide a preliminary screening within the context of existing literature .In ceramic
applications, desirable compositional ranges often include moderate to high Al,O3; content,

controlled SiO» proportion, and low Fe;O3; to minimize coloration effects during firing
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(Abyzov, 2019; Koci et al., 2022; Tsozu¢ et al., 2022). The Lafia and Doma clay samples
mainly contain kaolinite and quartz, with Al,O3 and SiO» levels that are similar to those found
in materials used for making tiles, bricks, and stoneware. However, the relatively elevated
Fe2O3 content, particularly in Doma samples, may influence fired color and require further
thermal and firing evaluation to confirm product suitability.

Ternary diagrams based on chemical composition (Figure 11) and particle size distribution
(Figure 12) indicate that the samples plot within fields commonly associated with raw materials
for ceramics and, with the addition of 10-20 wt% sand and silt particles, will be favorable as
raw materials for bricks. The Bain & Highley (1979) diagram, based on plasticity index and
plastic limit (Figure 13), also shows the favorability of the clays as raw materials for pottery.
These graphical comparisons suggest potential applicability, although additional tests, such as
firing shrinkage, mechanical strength, and thermal behavior analysis, would be necessary to

confirm industrial performance.

Si0,

10 A: Tiles 10
B: Stoneware
C & D: Porous tiles
T T T T

ALQ; 1w 20 TiO,+Fe,0,+MgO+Ca0+ Na,O+ K,O

| | I | |

Figure 11: Suitability of clay materials in different ceramic tiles (after Fiori et al., 1989)
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Figure 12. Winkler ternary diagram for suitability of clay materials for brick production (after
Winkler, 1954)
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Figure 13. A Bain diagram for the potential molding of clay materials (after Bain & Highley,
1979).

In the cement industry, clay materials serve as sources of silica, alumina, and iron in kiln feed

and may also function as calcined clay supplementary cementitious materials when properly

processed (Mousavi et al., 2021; Cheah et al., 2025). The Lafia samples, characterized by
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higher average Al,Os and kaolinite content, compare favorably with reported compositional
ranges for raw feed blending or calcined clay applications. The Doma samples show slightly
lower kaolinite content but still fall within ranges reported in similar studies. Nevertheless,
performance testing, such as calcination reactivity and strength contribution, would be required
before industrial implementation to ensure that the Doma samples meet the necessary quality
and performance standards for practical applications.

For painting and coating applications, specifications commonly emphasize low Fe>O3 to avoid
discoloration and adequate TiO: content for opacity enhancement (Buyondo et al., 2022; Igwe
et al., 2016). The Fe,Os content in several samples exceeds some reported reference ranges,
while TiO; values are comparatively moderate. These characteristics may limit direct use in
high-grade paint formulations without processing. Beneficiation techniques could potentially
reduce iron-rich fractions; however, no beneficiation experiments were conducted in this study.
Therefore, suitability for coating applications should be regarded as conditional pending further
material upgrading and testing.

Overall, the mineralogical and chemical properties indicate that the Lafia and Doma clays have
qualities similar to those of kaolinitic industrial clays. Based on a screening-level comparison
with published industrial reference ranges, the deposits demonstrate potential for ceramic and
cement-related applications. Further evaluation involving thermal analysis, firing tests,
mechanical strength assessment, and beneficiation trials is recommended to validate

performance under industrial processing conditions.

6. Conclusions

The clay deposits occur as sedimentary layers within the stratigraphic succession of the Lafia
and Awgu formations in the study area. The dominance of kaolinite and quartz from XRD
mineralogical studies and the dominance of Al,Os and SiO> from XRF geochemical analysis
of the clay samples from Lafia and Doma affirm that the clays are kaolin. The particle size
distribution shows that the clays are silty, low-porosity, and low-permeability clays with
moderate plasticity in Doma and high plasticity in Lafia samples.

This mineral and chemical composition of the clays indicates excellent potential for industrial
applications in tiles, bricks, stoneware, pottery, and cement. However, the elevated iron content
in the raw clay samples presents a significant limitation for direct use in the paint industry,
where color and behavior are critical, as it can lead to undesirable coloration and affect the

drying properties of the paint.
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