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Introduction

 Pottery making dates to prehistoric times 
and is present in most civilizations. Since pottery is 
non-perishable, it is often found in large quantities 
in archaeological excavations where it is produced. 
Chemical analysis and technical examination of art 
works play an essential role in providing histori-
cal, artistic and technical information (Naseerutheen 
et al. 2014). Pottery is one of the oldest and most 
significant technological innovations, representing 
a true synthetic material in the history of human 
achievement (Naseerutheen et al. 2014). Archaeolo-
gists study its production and style in order to devel-
op their chronologies, as well as an understanding of 
ancient societies (Rice 2005). Furthermore, the con-
servation, dating, restoration and authentication of 
artefacts are important in chronological studies and 
understanding our heritage. In particular, the artistic 
works of pottery reflect and emphasize the culture 
of the geographical area from an historical period 
(Barilaro et al. 2005: 827-831). 

 Pottery was made from clay that consists of 
different minerals formed by the weathering of rocks 
and sediments. Clay minerals refer to the character-
istic minerals of the earth located near the surface, 
which through diagenesis and hydrothermal altera-
tions of the rocks forms soils and sediments. Clay 
may also be referred to as naturally occurring ma-
terial composed primarily of fine grained minerals 
that is plastic with appropriate water content and 
will harden when dried or fired (Guggenheim 1995: 
255-256). Guggenheim (1995: 255-256) posits that 
although clay minerals are usually phyllosilicates, 
clay may equally contain other materials that impart 
plasticity and harden when dried or fired. Clay may 
also contain materials that do not impart plasticity 
or organic matter. They are very small (less than 
2µm) weathered soil minerals. When these clays are 
viewed under a light microscope, only dust or mud 
may be seen depending on the dryness or wetness of 
the mineral. The presence of water in the clay miner-
als causes expansion due to argilliturbation (mixing 
of soils because of shrinking and swelling as expand-
able clay minerals in the soil absorb and give up wa-
ter). According to Holliday (2004: 37), argilliturba-
tion is due to soils high in fine clay that are subjected 
to seasonal wetting and drying; forming significant 
cracks that inhibit or destroy soil horizonation.

 As silicates, clay minerals are produced as a 
result of weathering of other silicate minerals, par-
ticularly, feldspars. Clay minerals remain the major 
minerals used for various industrial purposes. Clay 
minerals are the major components of sedimentary 
rocks, and their applications depend on the property 
of each clay mineral. The micron meter size of clay 
and its crystal structure increases the cation exchange 
capabilities, plastic behaviour, cracking when dry, 
catalytic abilities, swelling behaviours and low per-
meability. These properties affect the geotechnical 
characterization of clay soils too. 

 The significance of solid mineral resources 
is of profound value to man since time immemorial. 
Clay minerals appear not to be the most valuable 
among the minerals of the earth surface, yet they af-
fect life on earth in far reaching ways. Worldwide, 
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clay has been used to date the evolution of humans in 
the environment for various purposes such as build-
ing, and making pottery and terracotta. In the studied 
area (Ozizza), clay, in addition to its use in building 
structures, has been used for pottery making (Figure 
1). The making of pottery products in Afikpo and en-
virons are basically the preoccupation of women, un-
like northern Nigeria, where men are known to make 
pots (Effah-Gyamfi 1980/81:103-116; Fagg 1976; 
Leith-Rose 1970; Oyeoku 1999). In Adamawa, Jos, 
Nok, Kano and Abuja, men are known to make pots, 
although in rare cases, women also make pots, par-
ticularly in present-day Yoruba (Fagg 1970; Oyeoku 

1999). Afikpo potters, Ozizza inclusive, utilize clay 
that is moulded and classified into forms and func-
tions. The pots are then fired and dried in order to 
prevent cracks and to preserve its form.  This tradi-
tional pottery making production process strengthens 
their tradition.

 In order to determine the clay samples char-
acteristics as well as the influence of physical charac-
teristics like colour and plasticity, physico-chemical 
elemental analysis of the clay pots are important (Saat 
et al. 2009: 230-236). The economic importance and 
continual usage of pottery clays are enhanced by 

Figure 1: Map of Afikpo showing Ozizza.
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chemical investigation of clay mineral constituents. 
Clay mineral analysis is important as it helps to es-
tablish the nature of minerals, after which they are 
then expressed in their respective oxides in such a 
way that their H2O content approaches the sample 
weight (Newman 1987; Saat et al. 2009: 230-236). 
Generally, clay mineralogy in Africa, as in Asia, be-
gan at the end of the1960s in clay-related industries 
such as architecture, pottery and soil studies (Kok 
2000; Liew et al. 1985).

 Most of the clay mineral determinations are 
carried out using either x-ray fluorescence (XRF) or 
x-ray diffraction (XRD). X-ray fluorescence (XRF) 
is the emission of fluorescence or secondary X-rays 
from a material that has been excited by bombard-
ing it with high-energy x-rays or gamma rays. This 
is widely applied in chemical and elemental analy-
ses, especially in the investigative determination of 
metals, glass, ceramics (clay mineral analysis) and 
building materials, as well as in research for forensic 
science, archaeology and geochemistry. X-ray fluo-
rescence determination process for elemental clay 
is a step to investigate and establish the chemical 
composition or nature of minerals (Nayak and Singh 
2007; Newman 1987). It is an inexpensive and rapid 
method of elemental clay analysis, and can measure 
trace elements, although many of those of greatest 
interest have concentrations that are too low for this 
technique. There are two basic methods of x-ray fluo-
rescence (XRF) analyses which include firstly, fused 
bead that allows the sample to be mixed with suitable 
flux and fused into a glass with a specific diameter. 
The second method is pressed pellet where the sam-
ple, with or without binding agent, is compressed 
so as to produce a solid tablet of powder (Busathic 
2009: 889-892). Nayak and Singh (2007) posited that 
XRF is used for the qualitative and quantitative min-
eral composition determination of the clay and other 
raw material components. This work was borne out 
of the desire to determine the elemental constituents 
of pottery clays used for pottery making in Ozizza 
and other Afikpo sites in Ebonyi State, Nigeria, using 
XRF, with a view to understanding the similarities or 
otherwise of the pottery wares in the different sites. 

Materials and Methods

 Surface collection of clay and potsherds 
samples were carried out during archaeological re-
connaissance/survey, while other samples were col-
lected during excavation at Ogbaeju Rockshelter 10 
(RS/10) at Ozizza, Afikpo. Potsherds from Ukpa and 
Ugwuegu rockshelters were also collected from the 
University of Nigeria, Nsukka Museum. The samples 
were carefully collected, making sure that contami-
nations were avoided. White polythene bags were 
used to seal the samples, tied up and sent for analysis 
at the Centre for Energy Research and Development 
Laboratory, Obafemi Awolowo University, Ile-Ife. 
The samples were prepared according to the method 
of Saat et al. (2009: 230-236). 

 The samples were devoid of impurities such 
as coarse sand particles and other foreign agents, 
making sure that metallic objects were avoided. The 
samples were thoroughly washed, dried in an oven at 
60oC for 24 hours and then crushed using agate mor-
tar to powder. They were then sieved (250 µm sieve) 
to obtain finer sand particles. The sieved fine samples 
were mixed with adequate amount of distilled water 
to form slurries and then left to settle for 24 hours. 
The clay sample formed at the top portion of the sed-
iment was used for the study while the sand particles 
were separated out in the lower portion. Since grain 
size is a critical factor that affects XRF, as was shown 
in the preliminary studies, the samples were ground 
for 20 minutes until the grain size is lower than two 
microns and then the samples and standards homog-
enously mixed with analytical grade boric acid in a 
ratio of 0.6:5.4 and then homogenized. The homog-
enized mixture was passed into a stainless steel die, 
with 20 tons of pressure to form a circular disk with 
a diameter of 4cm and thickness of 0.5cm.

 After the preparations, the samples were cou-
pled in an XRF machine (Philip Model. PW1410) 
with chromium target, PE crystal (2d = 8.742 Å) 
analyser, and a gas flow proportional counter was 
used. The tube rating was 50 KV 40 MA. The fluo-
rescent x-rays from the samples were then analysed 
by the PE crystal analyser and scanned through 2ϴ 
diffraction range of 58o to 147o. This 2ϴ range was 
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found to be suitable for major elements determina-
tion in the clay. The detector is coupled to a recorder 
to produce the fluorescent x-rays spectrum for the 
sample.

Results and Discussion

 The result obtained showed that the element 
Galium was not found in the clay sample from Ug-
wuegu site (AF75.2) in the elemental analysis of 
the clay samples (Table 1). Galium (Ga) and Stron-
tium (Sr) were not found in the youngest layer and 
raw clay samples of the Ogbaeju Rockshelter site 
(RS/10) respectively, while Ga and Sr were not de-
tected in the temper material. It must be asserted 
that the typical elements normally present in clay 
mineral analysis were present, although magnesium 
was absent in all the samples analysed in the study 
as shown in Table 1. The elemental contents of the 
clay as found include K, Ca, V, Cr, Ti, Mn, Fe, Ni, 
Cu, Zn, Al, Ga and Si. These results were in agree-
ment with Attah (2008: 84-93), whose study of clay 
minerals in some sites in Cross River State posited 
that these mineral elements were present in the sites, 
in addition to magnesium which was absent in this 
present study. Since the sites of Attah (2008: 84-93) 
lies along Abakiliki formation, then it may be argued 
that the unavailability of magnetite in Afikpo sites 
could be attributed to erosional, climatic or sedimen-
tary changes along the basement region. 

 According to Holliday (2004), clay mineral-
ogy is one of the commonly measured and useful soil 
attributes for pedology (the scientific study of soil 
properties and classification of soil types and geo-
morphology). Clay minerals are formed during the 
formation of primary and secondary deposits, which 
enhances both mechanical and electrical alterations 
in weathered sediments. Most studies on clay miner-
al analysis have indicated that Mg is common. How-
ever, this study failed in detecting Mg in any of the 
samples and on the geomorphology of the soil hori-
zons (Table 2). The implication is that elemental Mg 
may be absent or that the instrumentation employed 
was not able to detect Mg in the Afikpo geochemical 
analysis.  It is inferred that the absence of Mg in the 

clay samples is a possible indication that minerals 
associated with Mg binding would be absent in the 
area.  This explains why celadonite, a clay mineral 
group represented by K2Al2(Fe,Mg)2, is absent in the 
Abakiliki formation.

 Si6O20(OH)4 may be absent in the mineral-
ogy of the area but may contain illite represented by 
the chemical formula K1-5Al5-5.5Si7-6.5O20(OH)4 and 
kaolinite of the chemical formula Al4Si4O10(OH)8. It 
has been established that kaolinite and montmoril-
lonite are the most widely used clay mixtures in the 
manufacturing of pottery (Ravisankar et al. 2013). 
In the unfired matrix, it is possible to find as major 
components, clay minerals mixed with quartz, feld-
spar and firing produce differences in the products as 
a result of the initial composition and of the different 
operative conditions (Maggetti 1981). Therefore, the 
soils in these sites lack the trioctahedral shape asso-
ciated with Mg2+ that bind clay minerals. The occur-
rence may not be unconnected with the abundance 
of Ca in the clay mineral because when clay, which 
negatively charged exchangeable sites are saturated 
by Mg2+ is dispersed in a CaCl2 solution, the Ca2+ 
ions replaces the Mg2+ as postulated by McBride 
(1994: 406):

CaCl2(sol) + MgX2(arg) ↔ MgCl2(sol) + CaX2(arg).

 This work is in agreement with the finding 
of Saat et al. (2009: 230-236), which postulated that 
Mg normally found in typical clay was not found in 
the studied samples obtained in the northwest Penin-
sular Malaysia. The elemental composition or abun-
dance of Fe, Ti, and K in this study are nearly equal 
to the findings of Nayak and Singh (2007) and Ehi-
nola et al. (2009: 57-66) on Indian and African clay 
samples respectively, although the K composition is 
very much higher. The compositional abundance of 
clay elemental mineral analysis is evident in that Ca2+ 
constitutes the highest proportion in the studied sites. 
The differences in the abundance of clay mineral ele-
ments could be attributed to paleoclimatic changes in 
the area from rain forest vegetation to dry vegetation. 
Also, weathering and firing influence the structure 
and composition of clay minerals. These minerals 
change their structure, decompose and finally, new 
minerals are formed during the firing process. For 
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Elemental Content (% dry mass)
Sam-
ples

Al K Ca V Cr Ti Mn Fe Cu Ga Si Ni Zn

S 0.011 0.504 1.461 0.034 0.009 0.435 0.028 0.349 0.002 0.001 0.021 0.003 0.003
Top 0.007 0.328 1.655 0.023 0.008 0.293 0.025 0.279 0.005 0.002 0.013 0.002 0.002
Y 0.009 0.279 2.998 0.028 0.010 0.610 0.052 0.681 0.001 ND 0.017 0.001 0.002
M 0.006 0.386 1.910 0.014 0.004 0.400 0.029 0.464 0.001 0.001 0.011 0.001 0.001
O 0.010 0.232 3.731 0.026 0.007 0.459 0.038 0.558 0.001 0.001 0.018 0.002 0.002
Ug 0.011 0.283 2.628 0.029 0.013 0.540 0.059 0.576 0.002 ND 0.021 0.003 0.003
Uk 0.009 0.264 2.551 0.046 0.019 0.702 0.074 0.778 0.002 0.001 0.017 0.002 0.002
Ra 0.007 0.293 0.120 0.015 0.004 0.398 0.015 0.260 0.001 0.001 0.013 0.002 0.002
Tem 0.003 0.146 4.275 0.018 0.006 0.295 0.048 0.404 0.002 ND 0.019 0.003 0.002

Table 1:  Major elemental content of clay samples. Key:  S (surface collection (RS/10)); Top (Topmost 
layer collection (RS/10)); Y (Youngest layer collection (RS/10)); M (Middle layer collection (RS/10)); O 
(Oldest layer collection). (RS/10)); Ug (Ugwuegu site, Afiko (AF75.2) collection); Uk (Ukpa rockshelter, 
Afikpo (AF65.3) collection); Ra (Raw clay collection); Tem (Temper material collection (RS/10)).

S/No. Minerals % Abundance
1. Al 0.22%
2. K 8.11%
3. Ca 64.85%
4. V 0.70%
5. Cr 0.24%
6. Ti 12.33%
7. Mn 1.10%
8. Fe 12.99%
9. Cu 0.05%
10. Ga 0.02%
11. Si 0.45%

Table 2:  Percentage abundance of clay minerals 
in Afikpo sites 
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instance, hematite is produced during pottery firing 
only if the process is carried out in oxidizing condi-
tions (Heimann and Maggetti 1981: 163-177). 

 Saat et al. (2009: 230-236) pottery clay el-
emental analysis from various locations in northwest 
Peninsular Malaysia showed similar results. It is 
important to note that this study identified mineral 
elements which were absent in other clay sites stud-
ied by Saat et al. (2009: 230-236), Nayak and Singh 
(2007) and Ehinola et al. (2009: 57-66). 

 In the paleoclimate reconstructed from clay 
mineral assemblages of clay units in Mamu formation 
of Northern Anambra Basin by Idakwo et al. (2013: 
879-885) using X-ray diffractographs, the results 
show that the clay mineral is predominantly kaolin-
itic with a percentage abundance of about 28.75%. 
The possible presence of illite is not enough to con-
firm that the studied area had a dry and arid climate. 
According to Idakwo et al. (2013: 879-885), illite, 
smectites and montmorillonites are characteristics of 
a dry and arid climate. In Anambra Basin, microcline 
constitutes about 5-10% of clay minerals, and thus 
confirms that clay is a product of weathering from 
granitic rocks possibly from the Precambrian base-
ment rock units of Adamawa-Oban Massif located 
to the east of the Anambra Basin and the adjacent 
Abakaliki Anticlinorium. However, it is observed 
that the area has a warm and humid climate that is 
typical for kaolinite formation, and a dry season that 
is specific to illite or smectite formation. 

 The site in Ozizza and other sites were acidic, 
which favours the formation of kaolinites. Accord-
ing to Idakwo et al. (2013: 879-885), the formation 
of kaolinite is favoured by acidic conditions and 
high leaching environments. Furthermore, relatively 
low or no leaching environment and conditions un-
der neutral to low alkaline pH favour the formation 
of montmorillonite and three-layer clay minerals. 
Variations in composition of kaolinite and illite in 
the Mamu formation with what found in the Afikpo 
and other sites could be a result of climate changes/
depositional condition (shallow water). Erosional 
rate and the composition of the initial provenance 
rock. This assertion was supported by Idakwo et al. 

(2013: 879-885) that posited that field investigation 
of the Mamu formation in Anambra Basin supports 
the idea of wet/tropical climate for clay deposition. 
Kaolinite is formed by weathering or hydrothermal 
alteration of aluminosilicate minerals. Rocks rich in 
feldspar commonly weather to kaolinite. In order to 
form kaolinites, ions such as Na, K, Ca, Mg, and Fe 
must first be leached away by the weathering or al-
teration process. This leaching is favoured by acidic 
conditions (low pH). However, the absence of Mg in 
the site posits climatic changes in the rock formation. 
It has been established that granitic rocks are rich in 
feldspar and are a common source of kaolinite. Fur-
thermore, the type and extent of firing has effect on 
the type of mineral element that could be found in a 
clay mineral. According to Ravisankar et al. (2013), 
potteries are made up of clay minerals that are found 
in a sheet structure.  The higher the firing tempera-
ture, the greater the tendency for the sheet structure 
of pottery to collapse.  The firing condition (whether 
oxygenated or not) influences the structure and phys-
ical properties of clay as a result of reactions taking 
place within the firing environment.  The analyzed 
clay samples and pottery sherds were reddish in 
colour. When pottery is fired in oxidizing environ-
ments, the Fe present in the sample reacts with atmo-
spheric oxygen to produce a reddish colour.

 When the clay is fired between 300ºC and 
500ºC dehydroxylation of octahedral layers of most 
clay minerals takes place (Wagner et al. 1999). Mari-
tan et al. (2005) stated that magnetite is formed at 
a temperature of 800-850ºC. The iron oxide mineral 
magnetite originates from chemical reactions be-
tween quartz and carbonates when the temperature 
is 900ºC. The presence of calcite and the absence 
of magnetite in the samples indicate that the sample 
was fired below 800ºC. According to Yariv and Men-
delovici (1979), a shoulder band at 875cm-1 indicates 
that dehydroxylation of kaolinite mineral is complet-
ed at 800ºC and the octahedral sheet structure in the 
clay mineral has disappeared. None of the samples 
contained magnesium indicating that samples were 
fired below 800ºC. 

 Kaolinite does not absorb water. Some clay 
mineral expands when it absorbs water within the en-
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vironment.  For this reason, kaolinite is the preferred 
clay type. Ceramic industry avoids expandable clay 
mineral, which explains why ceramics do not expand 
when utilized for hot foods and water at home. A 
study by Idakwo et al. (2013: 879-885) revealed that 
clay mineral distribution in different locations of the 
Northern Anambra Basin indicate individual trends 
and that kaolinite is present in the Mamu Formation.  
Kaolinites are subject to climate change and thus its 
presence in any environment may be used to explain 
the onset of climate change within that environment. 
We suggest a climate change within the area.  

 According to the study, changes from dry to 
wet and also the presence of illite/smectite is charac-
terized by a dry and terrestrial climate. Thus, the cli-
mate factor should be considered in monitoring clay 
types in a given area since climate has an affect on 
the physicochemical and textural properties of pots 
produced in a given area at a particular point in time 
and space.

 This study also examined some elemental ra-
tios of K/Ti, Fe/Ti, Ca/Ti and Si/Al as shown on Fig-
ure 2. According to Weaver and Pollard (1995), typi-
cal illite and kaolinite have relative stability of K/Ti 

Figure 2:  Variation of four elemental ratios between samples.  Key:  S (surface collection (RS/10)); Top 
(Topmost layer collection (RS/10)); Y (Youngest layer collection (RS/10)); M (Middle layer collection 
(RS/10)); O (Oldest layer collection (RS/10)); Ug (Ugwuegu site, Afiko (AF75.2) collection); Uk (Ukpa 
rockshelter, Afikpo (AF65.3) collection); Ra (Raw clay collection); Tem (Temper material collection 
(RS/10)).
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around 1.9. This study shows that the relative stabil-
ity of K/Ti ratio lies between 1.889-1.91. Therefore, 
it is a further proof of the presence of illite and ka-
olinite in the studied sites. Fe/Ti ratios of samples Y, 
M, O, Ug, Uk and Tem are indicative of large depos-
its of Fe and that the sites had iron-rich clay samples. 
Therefore, the brownish colour observed during re-
connaissance and archaeological excavation may be 
attributed to the presence of iron deposit in the area. 
It is necessary to state that there was a gradation in 
the level of iron in the soil samples as shown in the 
ratios of Fe/Ti in the surface layer collection and top-
most layer compared to other layers found in excava-
tion. The low level of Fe was equally observed in the 
raw clay material obtained from the site.

 Moreover, Ca/Ti ratios were relatively stable 
in the excavated site and on the other sites, except 
in the raw clay. The implication is that the site had 
a large deposit of Ca. Also, the high ratios in the top 
soil levels in the excavated site go along with typical 
illite (Saat et al. 2009: 230-236). However, the other 
samples had lower Ki/Ti ratios which deviated from 
the results of Saat et al. (2009: 230-236). The loss 
value indicated that clay has lower carbonaceous 
matter and higher mineral matter contents (Nayak 
and Singh 2007). In the XRF analysis of clay miner-
als by Nayak and Singh (2007) in India, the following 
were found; Ni (0.003%), Zn (0.05%), V (0.011%), P 
(0.018%), Cr (0.009%) and Cu (0.003%).

 The findings of the present study show that 
clay minerals contribute greatly to pottery making in 
Ozizza and other Afikpo sites since the prehistoric 
period to the present day. The study, from elemental 
constituent analysis, confirms that both illites and ka-
olinites are present in the sites in Afikpo.

 Furthermore, the study agrees with the work 
of Saat et al. (2009: 230-236), which shows that Mg 
was absent in their site and also proved the similari-
ties of the site to other sites in Indian and African 
countries where similar research findings were con-
ducted by researchers like Nayak and Singh (2007) 
and Ehinola et al. (2009: 57-66) respectively. The 
finding of illites and kaolinites in the sites studied, 
is suggestive of the availability of raw clay minerals 

that enhances continuity of pottery making in Afik-
po.
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