
1. Introduc  on

Clay can be used as a par  cle size and rock terms. In 
terms of par  cle size, the Wentworth scale defi nes clay 
as any sediment fi ner than 0.0039 mm (Wentworth, 
1922). However, clay as a rock is defi ned as fi ne-grain 
sediments that become plas  c and tenacious when 
moist/damped, and upon being baked or fi red, it be-
comes permanently hard/fi rm (Velde, 1992 and 1995). 
Clay rocks are composed of single/mixed layered clay 
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Abstract

The mineralogical composi  ons of the Gerinya claystone, 
Pa    Forma  on, Southern Bida Basin, Nigeria, were inves  -
gated to infer their sedimentological process and industri-
al applica  on. Mineralogical analysis of the claystone was 
carried out using the X-ray diff rac  on (XRD) method. The 
diff ractogram peaks aided the iden  fi ca  on of the clay and 
non-clay minerals in the study area. The XRD showed kaolin-
ite as the major clay mineral with composi  ons ranging from 
10.8 - 67.6 wt%. The non-clay minerals were quartz, anatase, 
diopside, goethite, hema  te, ru  le, muscovite and micro-
cline. Among the non-clay minerals, quartz had the highest 
percentage mineralogical composi  on of 21.2 to 83.4 wt%. 
The mineral assemblage is typical of a hot and humid climate 
where chemical altera  on and hydrolysis of silicate minerals 
are severe. The sediments are of mafi c and felsic crystalline 
rocks origin. The sediments are of low energy fl oodplain/in-
terchannel deposi  onal environment. The Gerinya claystone 
vary from low to high porosity and very low to low permeabili-
ty. The claystone can be used as clay liners and as raw material 
for ceramic produc  on. The applica  on of the claystones in 
fer  liser produc  on will require some processing. The clay-
stone can be used for haemorrhage control in the pharma-
cological/medical sector. Although, the inges  on of the clay-
stones could lead to dental damage and possible perfora  on 
of the sigmoid colon in the gastrointes  nal tract.  

Keywords: Gerinya, X-Ray Diff rac  on (XRD), diff ractograms, 
claystone, Pa    Forma  on 

minerals (illite, kaolinite, montmorillonite) with other 
minerals (quartz, muscovite, carbonate and metal ox-
ides) that are of clay-sized crystals. Clay minerals are 
formed from chemical weathering of pre-exis  ng crys-
talline rocks, during burial diagenesis (Hower et al., 
1976; Aldega et al., 2017 and 2018) and are rich in feld-
spar (Velde and Meunier, 2008). Clay minerals formed 
from chemical weathering are predominant in the warm 
tropical and sub-tropical regions of the world. Clay min-
erals can also be formed as a product of hydrothermal 
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altera  on (Cox and Brown, 1998; Corrado et al., 2014). 
Chemical weathering has been noted to be the predom-
inant geological process that aff ects clay composi  on 
and clay-rich sediments, although the pre-exis  ng rocks 
are altered into soils and clays by combining eff ects of 
biological, chemical and physical weathering ac  vi  es 
(Nesbi   and Young, 1989; Singh, 2009). 
Furthermore, these clay minerals (illite, kaolinite, mont-
morillonite) have been discovered to be useful within 
the industries as the major raw material in the produc-
 on of ceramic, paint, paper, refractory, plaster of Paris 

and pharmaceu  cal products used in the cure of ulcers, 
dysentery and cholera, detoxifi ca  on, adsorp  on and 
skin emulsifi ers (Mpuchane et al., 2008). They are also 
used as fi lling materials in construc  on works and as a  
major cons  tuent in fer  liser produc  on. 
Sediments rich in clay minerals occur as weathered 
regolith above basement rocks, especially where the 
rocks are rich in silicate minerals; or as materials carried 
into deposi  onal basins during erosional ac  vi  es. The 
Bida Basin (Fig. 1a) is one of the sedimentary basins in 
Nigeria characterised by the deposi  on of sediments. 
The Bida Basin is further subdivided into two: North-
ern and Southern Sub-Basins. The Southern Sub-Basin 
or Southern Bida Basin is made up of three forma  ons: 
Lokoja Forma  on, Pa    Forma  on and Agbaja Forma-
 on (Obaje, 2009). Claystone is a major component of 

these forma  ons and has been found useful in agricul-
ture, pharmaceu  cal and food processing companies. 

Although there have been a number of studies in the 
Southern Bida Basin, the inorganic claystone deposits of 
Gerinya, Pa    Forma  on have not been fully explored by 
researchers. Most of the past studies focused on the or-
ganic clays (shales) and their hydrocarbon poten  als in 
the basin (Akande et al., 2005; Ojo and Akande, 2009). In 
Gerinya, southern Bida Basin, where this study was con-
ducted, only the work of Olabode (2016), on so  -sed-
iment deforma  on structures has been documented. 
Therefore, this study is aimed at providing the miner-
alogical composi  ons of the stra  graphic claystones 
exposure of the Pa    Forma  on Gerinya, southern Bida 
Basin, since the mineralogical composi  on of a rock is 
cri  cal to its behaviour and applica  on. Considering the 
classifi ca  on of clay mineral groups (kaolin, smec  te, 
illite, and chlorite), the mineralogy examina  on of the 
claystones is useful in determining their suitability for 
diff erent applica  ons. The world kaolin (kaolinite, dick-
ite, nacrite and halloysite) market size was es  mated 
at 4.76 billion USD in 2019 and it is expected to grow 
exponen  ally at the rate of 3.5% from 2020 to 2027. 
The demand for clay minerals as raw materials in paper, 
ceramics, paint and coa  ngs, fi breglass, plas  c, rubber, 
cosme  cs, pharmaceu  cal and medical applica  ons are 
probably going to arise as a compelling variable for the 
business development over the conjecture  me frame 
(Grand view research, 2020). Nigeria has several indus-
tries that can make use of these readily available and 
cheap clay minerals as raw materials. Despite the grow-
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Figure 1.  (a) Geological map of Nigeria showing the posi  on of the Bida Basin (modifi ed a  er Obaje 2009). (b) Map of the study 
area and loca  on of the inves  gated outcrops.



ing demands for clay minerals, with the possibility of 
crea  ng jobs and alterna  ve source of revenue for the 
government, most claystone deposits are yet to be fully 
explored.  However, in order to improve the industrial 
u  liza  on of clay minerals of Nigeria by local and foreign 
industries, there is need to assess the claystones’ min-
eralogy for proper characteriza  on of the claystones, 
hence this study. 

2. Study area and geology of the Bida Basin

2.1. Study Area

The study area is located within the southern Bida Basin 
around Lokoja, Kogi State, Nigeria (Fig. 1a). The study 
area represents parts of the Pa    Forma  on stra  graph-
ic units in the southern Bida Basin. The geographic co-
ordinates of the sec  on under study are La  tude: N08° 
14’ 44.2’’ and Longitude: E006° 45’ 54.9’’ (Fig. 1a and b).

2.2. Geological Se   ngs

The Bida Basin is also referred to as the Mid-Niger Basin 
or the Nupe Basin. The Bida Basin extends from Kontag-
ora to Lokoja in Nigeria, as northwest-southeast trend-
ing intracratonic sedimentary basin (Obaje, 2009).  The 
stra  graphic succession of the Bida Basin is made up 
of Upper Cretaceous sedimentary rocks (Fig. 2). These 
rocks were deposited as a product of basement frag-
menta  on, block faul  ng and subsidence as well as ri  -
ing and dri  ing trending north-west, consequen  al to 
the Cretaceous opening of the South Atlan  c Ocean. 
The basin has four discrete/dis  nct and mappable 
stra  graphic units; the Bida Sandstone which is further 
subdivided into the Doko Member and the Jika Member, 
the Sakpe Ironstone, the Enagi Siltstone, and the Bata   
Forma  on (Fig. 2). 
The southern Basin/ Sub-Basin is made up of three dis-
 nct and mappable forma  ons; Lokoja Forma  on, Pa    

Forma  on and Agbaja Forma  on. Outcrop of the oldest 
forma  on (Lokoja Forma  on) consis  ng of sandstones 
and conglomerates was observed to directly overlie the 
Pre-Cambrian to Lower Paleozoic basement gneisses 
and schists. The sandstones and conglomerates of the 
Lokoja Forma  on in the Koton-Karfi  and Abaji areas 
are succussed by the Pa    Forma  on which consists of 
alterna  ng sequences of shales, siltstones, claystones 
and sandstones. These alterna  ng sequences now 
evolved into the Agbaja Forma  on which comprise of 
claystones, concre  onary siltstones and ironstones.

3. Methodology

The methodology adopted for this study involved both 
fi eld work and laboratory analysis. The fi eld work in-
volved lithologic descrip  on and sample collec  on. The 
outcrop profi les were observed and described based on 
their colour, texture, thickness and sedimentary struc-
tures. Eight (8) fresh and representa  ve claystone sam-
ples (GER 1C, 1D, 1G, 1J, 1L, 1Q, 1S and 1U) were collect-
ed during the fi eld exercise for this study.
Hydrometer methods were used to study the par  cle 
size distribu  on of the samples, hydrometer analysis is 
a widely used method of obtaining an es  mate of the 
distribu  on of soil par  cles sized from 0.075 m sieve to 
around 0.001 mm.
A quan  ta  ve determina  on of the mineralogical com-
posi  ons of the eight claystone samples was performed 
using X-ray diff rac  on (XRD) at the University of Preto-
ria, South Africa. The claystone samples were prepared 
for XRD analysis using a backloading prepara  on meth-
od. The claystone samples were mounted on sample 
holders with li  le pressure, using a blade to minimise 
the preferred alignment of the phyllosilicate minerals. 
The samples were scanned from 0 to 70o 2θ (theta) at 
a coun  ng  me of 1s and their diff ractograms recorded. 
The claystone samples were analysed using a PANalyt-
ical X’Pert Pro powder diff ractometer with X’Celerator 

O.P. Oyetade et al. 12

Figure 2. The stra  graphic se   ng of Bida Basin and correla  ons with adjacent Anambra Basin (Ojo and Akande, 2009).



detector and variable divergence and receiving slits with 
Fe fi ltered Co-Kα radia  on (λ= 1.789). The phases were 
recognized using X’Pert Highscore plus so  ware. The 
rela  ve phase amount (weight %) was assessed using 
the Rietveld method (Autoquan Program). Amorphous 
phases, if present were not taken into considera  on 
in the quan  fi ca  on. The percentage mineralogical 
content was also evaluated based on the rela  ve peak 
concentra  ons of the respec  ve minerals in the XRD 
charts. However, mineral names may not refl ect the 
actual composi  ons of minerals iden  fi ed, but rather 
the mineral group (i.e “Hedenbergite” and “Diopside” 
would represent the mineral group “Pyroxene”). 

4. Results 

4.1. Lithology descrip  on

The Gerinya exposure is about 1700 cm (17.00 m) thick 
(Fig. 3a and b).  At the base of the outcrop is a medi-
um to coarse grained, parallel stra  fi ed, sandstone bed, 
which was overlain by a wavy to parallel laminated silt-
stone beds. The wavy to parallel laminated siltstone 
beds evolved into a wavy parallel laminated, brownish 
to grey silty claystone bed with concre  on ironstones. 
These beds were subsequently overlain by a concre  on 
ironstone bed of about 20 cm. The concre  on ironstone 
evolved into a wavy parallel laminated, brownish to grey 
silty claystone bed.  Succeeding the claystone bed is 
a sandy claystone bed of about 40 cm, which evolved 
to a concre  onal ironstone. The concre  onal ironstone 
bed was subsequently overlain by a greyish claystone 
bed. 
The greyish claystone bed is bounded at the top by a 
concre  onal, laminated ferruginous claystone that was 
subsequently overlain by a greyish claystone bed of 
about 100 cm. Above the greyish claystone bed is a con-
cre  onal, ferruginous laminated claystone bed that was 
succeeded by a concre  onal laminated claystone. Sub-

sequently, a grayish shaly claystone bed of about 17 cm 
was logged above the concre  onal laminated claystone. 
A massive grey claystone bed followed and was suc-
ceeded by laminated ferruginous claystone. Therea  er, 
a thin greyish claystone bed overlain by a laminated 
concre  onal ironstone followed. The youngest bed in 
the study is a ferruginous concre  onal claystone bed. An 
overburden of about 100 cm was observed to be cap-
ping this exposure (Fig. 3a). 

4.2. Mineral composi  on

A summary of the semi quan  ta  ve results of the eight 
(8) claystone samples (GER 1C, 1D, 1G, 1J, 1L, 1Q, 1S 
and 1U) from the study area are presented in Table 1. 
Two representa  ve diff ractograms were selected from 
the XRD analysis (Fig. 4). Kaolinite was the dominant 
clay mineral in the studied claystone with percentage 
composi  on ranging from 10.8 to 67. 6 wt% (Table 1).  
The non-clay minerals present in the claystone samples 
include quartz, muscovite, anatase, microcline, ru  le, 
diopside, goethite and hema  te. Quartz was rela  vely 
abundant in all the claystone samples (GER 1C, 1D, 1G, 
1J, 1L, 1Q, 1S and 1U) with percentage composi  ons 
ranging from 21.2 to 83.4 wt %. Muscovite was present 
in the analysed claystone samples with percentage com-
posi  ons ranging from 1.8 to 3.9 wt% except in Sample 
GER 1C (Table 1). Anatase was detected in samples GER 
1D, 1J, 1L, 1Q, 1S and 1U, with percentage composi  on 
ranging from 3.2 to 5.2 wt%. Microcline was detected 
in four (4) claystone samples (GER 1C, 1L, 1S and 1U) 
with the percentage composi  ons ranging from 2.6 to 
6.1 wt%. Ru  le was detected in Samples GER 1D, 1G, 1J, 
1S and 1U with rela  vely low percentage composi  ons 
ranging from 0.6 to 1.0 wt%. Diopside, goethite and he-
ma  te were observed in minor occurrence in the clay-
stone samples (Table 1). 
Quartz and kaolinite cross plot display a signifi cant lin-
ear rela  onship, having a regression coeffi  cient values 
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Table 1. Mineralogical composi  on (wt%) of Gerinya claystone compared to industrial specifi ca  ons.

 Anatase Diopside Geothite Hema  te Kaolinite Microcline Muscovite Quartz Ru  le

GER 1C 0 0.7 0 0.8 10.8 2.6 1.8 83.4 0

GER 1D 3.8 0 0 0 57.2 0 2.7 35.5 0.8

GER 1G 0 0 5.9 1.1 13.7 0 0 78.3 0.9

GER 1J 4.9 2.8 0 0 67.6 0 2.7 21.2 0.9

GER 1L 4.4 0 0 0 48.6 5.7 2.2 39.3 0

GER 1Q 4.6 0 0 0 62.9 0 2.1 30.5 0

GER 1S 5.2 0 0 0 22.3 3.1 3.9 64.9 0.6

GER 1U 3.2 0 0 0 51.8 6.1 3.8 34.2 1.0

Mean 4.3 1.7 5.9 1.0 41.9 4.4 2.7 48.4 0.8

Range 0 - 5.2 0 - 2.8 0 - 5.9 0 - 1.1 10.8 - 67.6 0 - 6.1 0 - 3.9 21.2 - 83.4 0 - 1.0

STD DEV 2.1 1.0 2.1 0.5 22.7 2.6 1.23 23.6 0.5



of 0.983, with four of the eight samples (GER 1S, 1L, 1U 
and 1J) falling below the trend line (Fig. 5). 

4.3. Grain size analysis

A summary of the par  cle size distribu  on and the cor-
responding curve show that the samples contain low 
amounts of sand-sized par  cles with mean values rang-
ing from 0.8% to 5.8%, while the mean value of fi nes 
ranged from 94.2% to 99.2% (Table 2).

5. Discussion 

5.1. Mineralogy and provenance 

Based on the iden  fi ed clay and non-clay minerals in the 
Geryina Claystone samples (Table 1), the claystones are 
composed mainly of quartz (21 to 83%) and kaolinite (10 
to 67%), that altogether make up 87% of the whole rock. 
This kind of  mineral assemblage is typical of a hot and 
humid climate where chemical altera  on and hydrolysis 
of silicate minerals are severe. The occurrence of diop-
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Figure 3. (a)  Lithostra  graphic successions of part of the Pa    Forma  on stra  graphic units in Gerinya. (b) An outcrop of the 
study area.



side and felsic minerals (microcline 
and muscovite) in the same samples 
(GER 1C and 1J) suggest two source 
rocks. The fi rst is mafi c, ultramaf-
ic or metamorphic rocks, while the 
second is the granitoid rocks where 
diopside, microcline and muscovite 
commonly occur.  The source area/
sediment provenance can be said to 
be from both mafi c and felsic crys-
talline rocks that have undergone 
weathering processes. Muscovite 
occurs in minor/trace quan   es (0-
3.9 wt%) in the analyzed claystone 
samples which suggest that the clay-
stones were deposited considerably 
far away from their source area.  
Samples GER 1C, 1G and 1S are con-
sidered to be texturally and miner-
alogically more matured than the 
other claystone samples (GER 1D, 1J, 
1L,1Q and 1U) because their quartz 
contents are above 50 % with low 
kaolinite, microcline and muscovite 
percentages (Table 1). 

5.2. Deposi  onal environment 

The major dis  nct features that 
characterize the Gerinya claystones 
are the thin wavy to parallel beds 
with lamina  ons. The concre  on-
al and clay/siltstones intercala  on, 
and kaolinite make up the major 
clay mineral sediments within the 
Gerinya claystones, sugges  ng a low 
energy fl oodplain/interchannel en-
vironment of deposi  on. This is 
supported by the work of Ojo and 
Akande (2020).

5.3. Economic poten  al and 
industrial usage

The mineralogy of Gerinya claystone 
was compared with the mineralogical 
quan  ty in other claystones in Nige-
ria (Table 3). The Gerinya claystone, 
southern Bida Basin, was compared 
in Table 3 with claystone in Share, 
northern Bida Basin (Odewumi, 
2013). The content of quartz in the 
Gerinya claystone is higher than that 
of the Share Clay, while the kaolinite 
content is lower than the Share Clay. 
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Figure 4. Representa  ve diff ractogram of Gerinya claystone (GER 1C and 1U).

Figure 5. Sca  er plot diagram of quartz versus kaolinite of the Gerinya claystone 
samples.



The kaolinite content of the Asaba and Benin Clays is 
higher than that of the Gerinya clastones, but the quartz 
composi  on of Gerinya claystone is higher than that 
of the Asaba and Benin Clays. The kaolinite content of 
Eruku and Lakuri Clays of the Abeokuta group (Dahomey 
Basin) is higher than the Gerinya Claystones.
Comparison of the mineralogical composi  on of Gerin-
ya claystone with the clay content specifi ca  on suitable 
for fer  liser produc  on by the Nigerian Fer  lizer Com-
pany of Nigeria (NAFCON, 1985) revealed that the ka-
olinite composi  on of Gerinya claystone is lower than 
the NAFCON (1985) specifi ca  on. However, the quartz 
content of Gerinya claystone is higher than the quartz 
content of NAFCON (1985). Therefore, the Gerinya clay-
stone will require some processing to be used in fer  lis-
er produc  on.
The only large clay rich sedimentary deposit in China is 
in the western Guandong Province near Maoming. The 
massive deposit contains 20 – 25% kaolinite and 75 – 
80% quartz, and are used as raw material for ceramic 
and as a fi ller and coa  ng clay for paper (Murray, 2007). 
The kaolinite composi  on of the Gerinya claystones is 
higher than that of the western Guandong Province of 
China.
The porosity and permeability of the Gerinya claystones 
were evaluated based on the ternary diagram of McMa-
nus (1988).  All the Gerinya claystone samples fell within 
the high porosity and very low permeability quadrant 
except for Samples GER 1Q and 1S which fell within the 
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Table 2. Par  cle size distribu  on of Gerinya claystone sam-
ples.

% Sand % Silt % Clay % Fines

GER 1C 0.8 15.2 84.0 99.2

GER 1D 3.8 10.2 86.0 96.2

GER 1G 1.8 10.2 88.0 98.2

GER 1J 1.8 18.2 80.0 98.2

GER 1L 4.8 15.2 80.0 95.2

GER 1Q 5.8 25.2 69.0 94.2

GER 1S 2.8 24.2 73.0 97.2

GER 1U 4.8 10.2 85.0 95.2

Table 3. Average mineralogical composi  ons (wt%) of Geryina 
claystones compared with other clays in Nigeria and industrial 
specifi ca  ons.

Minerals GER SHR A B C D

Quartz 48.41 20.75 21.00 29.00 21.00 4.00

Kaolinite 41.87 55.00 51.25 50.00 83.00 85.00

Illite 0.00 0.00 3.00 3.00 0.00 0.00

Microcline 2.18 0.00 3.00 9.00 0.00 3.00

Sepiolite 0.00 0.00 12.75 6.00 0.00 0.00

Others 7.54 0.00 3.5 10.00 6.00 8.00

GER = Gerinya Claystone. SHR = Share Clay (Odewumi, 2013).  A = 
Asaba and B = Benin Clays (Okunlola and Owoyemi, 2015). C = Eruku 
and Lakuri Clays (Oyebanjo et al., 2020). D = Nigerian Fer  lizer Com-
pany of Nigeria (NAFCON, 1985)

Figure 6. Ternary diagram of Gerinya claystones based on their sand, silt, clay frac  on percentages (modifi ed a  er Oyebanjo et 
al., 2020).



low porosity and low permeability regions (Fig. 6). Ac-
cording to Strazzera et al. (1997) and Murray (2007), 
claystones with high porosity could be used in the pro-
duc  on of porous ceramic wares. Very low permeability 
is a characteris  c of low cohesion and strain to extrude, 
because moderate permeability will facilitate penetra-
 on of water into the claystone, increasing the rate of 

adsorp  on in the clay. 
Daniel (1993) and Benson et al. (1994) proposed that 
soil liners should have at least 30 % fi nes and less than 
30 % gravel. The Gerinya claystones have fi ne par  cle 
sizes greater than 30% (Table 2) with low permeability 
(Fig. 6), making the  Gerinya claystones suitable for use 
as clay liners. 
Kaolin (kaolinite, nacrite, gibbsite and dickite) can be 
u  lized to treat diarrhoea, gastri  s, coli  s, upgrade 
bio-exercises and preserva  ve of normal intes  nal fl ora. 
Nega  ve eff ect may prompt electrolyte disturbance, in-
tes  nal blockage, hypertension, peritoni  s, eclampsia, 
iron shortage and microbiological diseases (Geissler, et 
al., 1998; Kawai, et al., 2009; Odewumi, 2013). The de-
liberate inges  on/ea  ng of earthy material (geophagia) 
by both animals and humans, has been documented/
reported in Nigeria, Uganda, South Africa and Swazi-
land (Abrahams and Parsons, 1997; Ekosse, et al., 2010; 
Odewumi, 2013). It is most prac  sed among women 
of childbearing age in the developing countries of Afri-
ca (Brand, et al., 2010). The Geryina claystone is rich in 
kaolinite which is benefi cial to human health. However, 
direct inges  on of the Geryina claystone by humans is 
harmful because it contains a considerable high level of 
quartz (21 to 83%) which  could lead to dental damage of 
any consumer, and possible puncture/perfora  on of the 
sigmoid colon in the gastrointes  nal tract of geophagic 
individuals.
Furthermore, Long, et al. (2019) researched composite 
for haemorrhage control, iron oxide and kaolinite nano-
composite (Fe2O3 + kaolin). This development explores 
the characteris  cs/proper  es of Fe2O3 and kaolinite to 
formulate/assemble a composite with excellent wound 
curing and healing performances. The test showed that 
there is synergy exis  ng between both kaolinite and 
Fe2O3: the former (kaolinite) absorb fl uid to concen-
trate blood platelets, red blood cells (RBCs), and clo   ng 
factors and ac  vates the intrinsic coagula  on cascade; 
whereas the la  er facilitate RBC aggrega  on and clot-
 ng. The kaolinite content in the Geryina claystones can 

be u  lized for treatment of wound, as the claystones 
exhibits high porosity and low permeability proper  es 
which would aid fl uid absorp  on and clo   ng factor. The 
Gerinya clastones are therefore suitable for use in the 
development of haemorrhage control composite, there-
by reducing the mortality rate due to haemorrhage.

6. Conclusions

The study concluded that the clay mineral in the Ger-
inya claystones is kaolinite, and the non-clay minerals 
are quartz, anatase, diopside, goethite, hema  te, ru  le, 
muscovite and microcline. The claystones forma  on is 
typical of a hot and humid climate where chemical al-
tera  on and hydrolysis of silicate minerals are severe. 
The source area/sediment provenance of the Gerinya 
claystone are inferred to be from both mafi c and felsic 
crystalline rocks and they are deposited considerably 
far away from their source area. The Gerinya claystone 
are inferred to be of low energy fl oodplain/interchannel 
environment of deposi  on. The quartz content of the 
Gerinya claystones is rela  vely higher than that of the 
Share, Asaba and Benin clays, hence recommended for 
use as ceramic raw material, as a fi ller and coa  ng clay 
for paper as well as liners (landfi ll or composite). The Ge-
ryina claystone is rich in kaolinite which is benefi cial to 
human health and suitable for use in the development 
of haemorrhage control composite, thereby reducing 
the mortality rate due to haemorrhage. However, direct 
inges  on of the claystone has harmful eff ects such as 
dental damage and possible puncture/perfora  on of 
the sigmoid colon in the gastrointes  nal tract of geo-
phagic individuals. The harmful nature of the Gerinya 
claystone is due to the high level of quartz (21 to 83%). 

Acknowledgements

The authors are grateful to the anonymous reviewers 
whose comments and sugges  ons have substan  ally 
contributed to the quality of the manuscripts.

References

 Abrahams, P.W., & Parsons, J.A. (1997). Geophagy in the trop-
ic: an appraisal of three geophagic materials. Environ-
mental Geochemistry and Health, 19, 19–22. 

Aldega, L., Bigi, S., Carmina  , E., Trippe  a, F., Corrado, S., & 
Kavoosi, M.A. (2018). The zagros foldand- thrust belt in 
the fars province (Iran): II. thermal evolu  on. Marine 
and Petroleum Geology, 93, 376–390.

Aldega, L., Carmina  , E., Scharf, A., Ma  ern, F., & Al-Wardi, 
M. (2017). Es  ma  ng original thickness and extent of 
the semail ophiolite in the eastern Oman Mountains 
by paleothermal indicators. Marine and Petroleum Ge-
ology, 84, 18–33.

Benson, C.H., Zhai, H., & Wang, X. (1994). Es  ma  ng hydraulic 
conduc  vity of clay liners. Journal of Geotechnical En-
gineering, ASCE, 2, 366–387.

Brand, C.E., De Jager, L., & Ekosse, G.E. (2010). Possible health 
eff ects associated with human geophagic prac  ce: an 
overview. South African Medical Technology, 1, 11–13. 
doi/10.10520/EJC74222.

Corrado, S., Aldega, L., Celano, A.S., De Benede   , A.A., & 
Giordano, G. (2014). Cap rock effi  ciency and fl uid cir-
cula  on of natural hydrothermal systems by means of 

17 O.P. Oyetade et al.



O.P. Oyetade et al. 18

XRD on clay minerals (Sutri, Northern La  um, Italy). 
Geothermics, 50, 180–188.

Cox , M.E. &  Brown, P. (1998). Hydrothermal altera  on miner-
alogy as an indicator of hidrology at the Ngahwa geo-
thermal fi eld, New Zealand. Geothermics, 27, 259–270.

Daniel, D.E. (1993). Clay liners. In: Geotechnical Prac  ce for 
Waste Disposal, (ed. David E. Daniel) Chapman & Hall, 
London, UK, 137–163. doi/10.1007/978-1-4615-3070-
1. 

Ekosse, G.E., De Jager, L., & Ngole, V.M. (2010). Tradi  onal 
mining and mineralogy of geophagic clays from Lim-
popo and free state provinces, South Africa. African 
Journal of Biotechnology, 47, 8058–8067.

Geissler, P.W., Mwaniki, D., Thiong’O, F., & Friis, H. (1998). 
Geophagy as a risk factor for geohelminth infec  ons: 
a longitudinal study of Kenyan primary school children. 
Transac  ons of the Royal Society of Tropical Medicine 
and Hygiene, 1, 7–11.

Grand View Research. (2020). Kaolin market size, share and 
trends analysis report by applica  on (paper, ceramics, 
paint and coa  ngs, fi ber glass, plas  c, rubber, cosmet-
ics, pharmaceu  cal and medical) by region and seg-
ment forecasts, 2020 – 2027. report ID: 978-1-68038-
337-9. (Accessed 22 March 2021) 

h  ps://www.grandviewresearch.com/industry-analysis/ka-
olin-market

Hower, J., Eslinger, E., Hower, M.E., & Perry, E.A. (1976). 
Mechanism of burial metamorphism of argillaceous 
sediment: mineralogical and chemical evidence. Geo-
logical Society of America Bulle  n, 5, 725–737.

Kawai, K., Saathoff , E., Antelman, G., Msamanga, G., & Faw-
zi, W.W. (2009). Geophagy (soil-ea  ng) in rela  on to 
anaemia and helminth infec  on among HIV-infected 
pregnant women in Tanzania. The American Journal of 
Tropical Medicine and Hygiene, 1, 36–43.

Long, M., Zhang, B., Peng, S., Liao, J., Zhang, Y., Wang, J., 
Wang, M., Qin, B., Huang, J., Huang, J., Chen, X., & 
Yang, H. (2019). Interac  ons between two-dimensional 
nanoclay and blood cells in hemostasis. Materials Sci-
ence and Engineering C, 105, 110081. doi: 10.1016/j.
msec.2019.110081.

Mpuchane, S., Ekosse, G., Gashe, B., Morobe, I., & Coetzee, 
S. (2008). Mineralogy of southern African medicinal 
and cosme  c clays and their eff ects on the growth of 
selected test microorganisms. Fresenius Environment 
Bulle  n, 15, 547–557. 

Murray, H.H. (2007). Applied Clay Mineralogy. Occurrences, 
Processing and Applica  on of Kaolins, Bentonites, Pal-
ygorskite–Sepiolite, and Common Clays, 1st ed.; Elsevi-
er: Oxford, UK. 189. doi.org/ 978-0-444-51701-2.

Na  onal Fer  lizer Company of Nigeria (NAFCON), 1985. Ten-
der document for supply of kaolin from Nigeria sourc-
es, p 65. In: Akinola, O.O., & Obasi, R.A. (2014). Com-
posi  onal characteris  cs and industrial poten  al of 
the lateri  c clay deposit in Ara-Ijero Eki   areas, south-
western Nigeria. Interna  onal Journal of Scien  fi c and 
Technology Research, 3, 304–311.

Nesbi  , H.W., & Young, G.M. (1989). Forma  on and diagen-
esis of weathering profi les; Journal of Geology, 97, 
129–147. doi.org/10.1086/629290.

Obaje, N.G. (2009). Geology and mineral resources of Ni-
geria. Springer-Verlag Berlin Heidelberg, 221. doi.
org/10.1007/978-3-540-92685-6.

Odewumi, S.C. (2013). Mineralogy and geochemistry of geo-
phagic clays from Share area, northern Bida sedimen-
tary basin, Nigeria. African Journal of Natural Science, 
16, 87–98.

Ojo, O.J., & Akande, S.O. (2009). Sedimentology and depo-
si  onal environments of the Maastrich  an Pa    For-
ma  on, southeastern Bida Basin, Nigeria. Cretaceous 
Research, 30, 1415–1425.

Ojo O.J., & Akande S.O. (2020). A revised stra  graphy of the 
Bida Basin, Nigeria by Rahaman et al., (2019) [Journal 
of African Earth Sciences., 151, 67–81]: A rebu  al. 
Journal of African Earth Sciences, 172, 103983. 

Okunlola, O.A., & Owoyemi, K.A. (2015). Composi  onal char-
acteris  cs of geophagic clays of Southern Nigeria. 
Earth Science Research, 4(2), 10-15. 

Olabode, S.O. (2016). So   sediment deforma  on structures in 
the Maastrich  an Pa    Forma  on, southern Bida Basin 
Nigeria: implica  ons for the assessment of endogen-
ic triggers in the Maastrich  an sedimentary record. 
Open Journal of Geology, 6, 410–438.

Oyebanjo, O., Ekosse, G., & Odiyo, J., (2020). Physico-Chem-
ical, Mineralogical, and Chemical Characterisa  on of 
Cretaceous–Paleogene/Neogene Kaolins within East-
ern Dahomey and Niger Delta Basins from Nigeria: 
Possible Industrial Applica  ons. Minerals, 10, 670. 
doi:10.3390/min10080670.

Singh, P. (2009). Major, trace and REE geochemistry of the 
Ganga River sediments: infl uence of provenance and 
sedimentary processes. Chemical Geology, 266, 242–
255.

Strazzera, B., Dondi, M., & Marsigli, M. (1997). Composi  on 
and ceramic proper  es of ter  ary clays from southern 
Sardinia (Italy). Applied Clay Science, 12, 247–266.

Velde, B., & Meunier A. (2008). The origin of clay minerals in 
soils and weathered rocks. Berlin, Heidelberg: Spring-
er. doi.org/10.1007/978-3-540-75634-7.

Velde, B. (1992). Introduc  on to Clay Minerals. Dordrecht: 
Springer. doi.org/10.1007/978-94-011-2368-6. 

Velde, B. (1995). Origin and Mineralogy of Clays. Berlin, Hei-
delberg: Springer. doi.org/10.1007/978-3-662-12648-
6.

Wentworth, C.K. (1922). A scale of grade and class terms for 
clas  c sediments. Journal of Geology, 30, 377–392.

Received: 11 March 2021
Accepted: 20 December 2021
Handling Editors: Marek Michalik, Jarosław Majka



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [467.717 680.315]
>> setpagedevice


