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Abstract

Prospection and characterization studies carried out in the Bamessing area (Nord-West region
of Cameroon) has revealed the presence of heterogeneous clayey materials along the lower
slopes of Sabga Hill (1240-1320 m altitude) and the upper limits of Ndop plain
(approximately 1200 m altitude). Clayey materials identified are dark-grey (on the hill), grey
(within the plain) and yellowish (on both the hill and the plain) in color. Raw materials were
deposited in the Pan African base. The major phases are kaolinite, illite, hydroxyl-interlayered
Na-smectite, chlorite, quartz, gibbsite and goethite. The main clay minerals are composed of
kaolinite, illite, hydroxyl-interlayered smectite and chlorite. The whole-rock chemical
composition is characterized by silica (< 47 to 66 % SiO,), alumina (15 to 20 % Al,0O3) and
iron (3 to 5% Fe,03). Mineralogical and geochemical properties of the materials presented
and discussed in this work indicate that the clayey materials of the Bamessing area have a
good potential for manufacture of pottery, bricks and tiles.

Keywords: clayey materials, kaolinite, illite, hydroxyl-interlayered Na-smectite, chlorite
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1. Introduction
Nowadays, many scientific works (Carty and Senaparti, 1998; Dorlot et al., 1980; Olivier,

1988; Caillere et al., 1989; Kihnel, 1990) have shown the many virtues of clayey materials
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such as ceramics, medicine, stationery, environment, agronomy, etc. However, in Cameroon,
research effort aimed to the prospection, characterization and valorization of clay mineral
deposits are still in process. Since time memorial, Man has used these materials for the
fabrication of household and artistic objects and for construction works (Njopwouo, 1984;
Caillere et al., 1989). The use of these objects (household, artistic objects and construction
works) is on the increase (Roskill, 1996; Ekosse, 2000). Large areas containing clay mineral
deposits are reported in Cameroon, but their mineralogical and chemical characterization is
still to be done (Njopwouo et al., 1998). This is the case of the Bamessing locality where the
local population is actively involved in traditional pottery and the fabrication of fired bricks
through the exploitation of clayey deposits. These materials could be economically exploited
today but the lack of scientific data on the subject makes it difficult. The present study focuses
on the geomorphological, geological, mineralogical and chemical characterization of
Bamessing clay deposits, exploited for traditional pottery and the fabrication of fired bricks.
The results of this study will give the scientific data such as clay mineralogy and chemistry

indispensable for the potential economic exploitation.

2. Natural site and geological scope

The Bamessing locality is situated east of the town of Bamenda and extends from latitude
5°57’ to 6°01° North and from longitude 10°20” to 10°25” East (Figure. 1), in Ngoketunjia
Division, the Nord-West Regionof Cameroon. It has an area of 54,625 km? with an average

altitude of 1350 m above sea level.
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Figure 1- Map of localization of the study region (extract from Nkambe 1band Bafoussam3d)

The hydrographic network shows the subparallel to subdenditic drainage pattern as not being
particularly dissected (Figures.1 and 2).
Generally, the vegetation of the study area presents varying species which reflect the

geomorphology of the site.
In the North-Eastern part of the Ndop plain, where the average altitude is 1200 m the
vegetation is essentially anthropic, made up of both indigenous farms (subsistence agriculture
that produces foods such as, maize, cocoyam, banana, plantain, etc.) and farms of the
organization specialized in the cultivation of rice (Tchounang, 2006). Equally, isolated
clumps of Cyathae manniana are obtained in the area. The 1240 to 1340 m altitude zone is
essentially dedicated to livestock production and the exploitation of clay. Towards the hilltops
the dominant vegetation is as follows:

- Along water-courses, Raphia venefera bordered by Cyathae manniana. These species

witness the regression linked to the exploitation of clay used for pottery and brickworks by
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the local population, and for commercialisation in the national and international markets. This
activity (exploitation of clayey materials) is by far the most important. Along the slope and on
the hilltops, Albizzia gunifera and Imperata cylindrica are reported respectively; these two
species serve as pasture for the raring of cattle. The upper part (above 1450m altitude),
covered with rocky pavement stones is essentially colonized by Imperata cylindrical.

- The alluvial soils are dominated by clay in the plain. They are surrounded by lateritic
soil of a considerable thickness that vary from a few centimetres to over 8 metres. This
alluvium overlies a layer of clay found along the main water-courses. Due to tectonic
movement, visible fractures exist that house the water-courses which have same direction.
These fractures are of variable importance, and predominate in the N125°E, N140°E and
N145°E directions. The area is made up of rock pedestals (plutono-metamorphic) with

volcanic rocks and alluvium overlying on top of it (Figure. 2).
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Figure 2- Stretch of the geological and Hydrographic map of the Bammessing locality
(Tchounang, 2006)

The basement rocks are made up of plutonic and metamorphic formations composed of
granites, schists and amphibolites,outcropping as vents along the water-courses or on the
flanks of the mountain. This basement rocks is the Pan-African (Toteu et al.,2001; Kamgang,
2003; Nzolang et al., 2003; Kwekam, 2005) on which Bamenda mountains rest. The other
rock formationsare made up of trachytes, benmorites, alkaline to perialkaline rhyolites and
basalts (Kamgang et al., 2007, 2008, 2010). Trachytes appear exclusively at the mountain
peaks (Tchounang, 2006). This rock, occurring in form of slabs and is greenish, massive and
encloses laths of feldspar oriented in the same direction as the typical trachytic structure.

The basalts are found within the water-courses and are enclosed by solified volcanic ash
(Tchounang, 2006). The forms are blackish in color whith the prismatic structure being penta-
to hexagonal in shape. The mineralogy of basalts is made up of olivine phenocrysts and
pyroxene, present in a massive structure with a microlitic porphyric texture and yellow

weathering bands

3. Materials and methods

Five wells were dug in the Bamessing locality about 600 m from” PRESPOT” (artisanal
clayey materials quarry), along the Mount Sabga Ndop plain axis (Figures 1, 2). The first well
is at 1199 m altitude and is 4 m deep. The second well is at 1196 m altitude and is 6.5 m deep.
The third and fourth wells located in the plain are at 1169 m altitude and are 7 and 7.5 m
deep, respectively. The fifth is at 1208 m altitude and is 3.15 m deep. From these wells, four
specimens 20 to 30 kg each (T1, T2, T6 and T7), representing the specimens from levels II
and III from the well 1 and 2 (Figures. 3, 4). The samples were obtained in the profiles
described from wells 1 and 2 (selected as representative profiles; dug in Bamessing artisanal
quarries). Specimens were selected on the basis of their colors (yellowish, greyish and black
colors).T1 and T2 specimens are the main samples used to potteryand will be subject to
characterization.On the other sideT6 and T7 specimemens are the new samples from which
we just need to know the chemical and mineralogy composition for possible exploitation.
Profiles of wells 1 and 3 are alike and differ from those of wells 2, 4 and 5 which are alike.
These materials have, pH value between 4.94 to 5.36 and organic content ranging between

2.30 to 5.36 % (Tchounang, 2006).

3.1 Morpho-structural description of profiles 1 and 2 and Preparation of samples
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3.1.1- Profile 1

The profile I (Figure 3) is found at an altitude of 1199 m and has the following characteristics:

o Level 1 (0-60 cm): dark reddish (10R2.5/1); salty-clayey texture; lumpy structure,
consistent (humid); porous; few roots; slightly sticky, very less plastic; diffuse boundary.

o Level 2 (60-238 cm): reddish yellow (7.5YR 7/6); clayey-silty-sandy texture; massive
structure; consistent (humid); very few roots; sticky; plastic; abrupt boundary. This layer
from which T7 specimen was taken is very much solicited by the population to make sun-
dry bricks.

o Level 3:

e First upper layer (238-386 cm): black (7.5YR2 5/1); clayey texture; very massive to
compact structure; clayey humid, very plastic, sticky; distinct boundary. This layer from
which T1 specimen was obtained is so much solicited by the population for pottery.

e Second layer: 386—406 cm; dark grey (2.5Y 4/1); sandy; very soft structure; not
compact (humid); not sticky; not plastic; distinct boundary.

e Third layer (406436 cm): dark greyish brown (10Y 4/2); clayey-sandy texture;
massive structure; humid; presence of whitish marks filled with quartz; sticky and plastic;

presence of muscovite flakes.

Lmo  — M

Level |

— e
IOhSie
- oo
QD N Level Il (T7)===lp
Ry S €
[CCIZIITY
238 — =
Fo===2 Level lll (T =i
386 —
406 —
436 —

A
Profile 1
Photo 1

Legend of profile 1

Page 6 sur 25



Level |

RPN Level Il

C--C Level Il

Figure 3 — Profile and photo of profile 1 showing the disposition of different layers
(Tchounang, 2006)

3.1.2- Profile 2
This profile (Figure 4) from which T6 sample was sampled is located at an altitude of 1196 m
and has the following characteristics:
- Level 1 (0-115 cm) : red (2.5YR 4/6), sandy-silty texture, lumpy structure, less
compact (humid), very porous, weakly rooted, slightly sticky and slightly plastic, presence
of fine gravel 1-10 mm in diameter, brown or rusty marks, irregular boundary.
- Level 2;
= Upper layer (115-310 cm): reddish yellow (7.5YR 7/6), sandy-silty-clayey texture,
very massive structure, modestly consistent, (humid), few pores, very few roots, modestly
sticky, few plastic, presence of brown and rusty marks, fragments of pegmatite, diffuse
boundary.
=  Bottom layer (310-550 cm): greyish dark brown (10YR 4/2), clayey- sandy texture,
massive structure, poorly consistent (humid), few pores, and plastic presence of fragments

of pegmatite and marks of rust.

- Level 3 (550-650 cm): dark grey (2.5Y 4/1); clayey-sandy texture; massive structure;
humid; few porous very plastic. The materials of this layer, from where the T2 sample was

collected are very much in demand by the population for pottery production.
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Figure 4- Profile 2 and photo 2 showing the arrangements of different layers
(Tchounang, 2006)

3.2. DTA, TGA, XRD, XRF and SEM analyses

Analytical techniques used in the study comprise the following (1) thermogravimetric
analyses (TGA), (2) differential thermal analyses (DTA), (3) X-ray diffractometry (XRD), (4)
scanning electron microscopy (SEM) and (5) X-ray florescence whole-rock chemistry (XRF).
The analyses were carried out at the University of Limoges, French (T1 and T2) and at
University of Hiroshima, Japan (T6 and T7).

TGA and DTA analyses permitted us to detect, follow and identify the different thermo-
chemical transformations/degradations of the study sample in response to a progressive
temperature increase ranging from RT to 1000°C. The TGA and DTA thermograms were
obtained under ambient atmosphere. The heating of clayey products resulted in the
elimination of organic matter and the escape of water molecules from each of the minerals
within the corresponding temperature range and proportions (Marc and Jacques, 2003). The
influence of temperature enables us to follow up the weight variations of the samples in the
course of heating. The differential thermal analysis is done on the coarse and fine soil

fractions using 10 and 15 mg of samples, putting them in a platinum micro-melting crucible.
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Loss in weight of both the sample holder and the sample (micro-melting crucible and fine of
coarse fractions) was followed up in an oven in a range between room temperature and
1000°C. The measurements of the TGA were taken on a LINSEIS L70 apparatus. The rise of
temperature was constant and equal to 10°C/min for T1 and T2 and 20°C/min for T7. The
specimens and calcinated aluminium, used as a standard, were placed into two platinum
melting crucibles.These analyses have done with T1, T2 and T7 samples.

For sample T6 the concern emerged about the feldspar presence since a fragment of pegmatite
and marks of rust were reported.

Mineral contents of all samples analysed were determined by means of X-ray power
diffractions analysis. The measurements were conducted on global samples as well as those
treated by formamide (T6 and T7), ethylene glycol (T1 and T2), and heated for one hour to
500°C (T6 and T7) and 550°C (T1 and T2). The X-ray diffraction spectra were acquired both
on unoriented powder and on oriented aggregates, according to the methods described in
Moore and Reynolds (1989). A Brucker D8-Adance diffractometer device was used and
equipped with an INEL CPS 120-Curved position Sensitive Detector was used. This geometry
enables the aquisition of diffractograms under a fixed incidence. The CuK& source was used
(I =30 mA, V = 40 kV) along with the dissymmetric graphic monochromator. The
measurement were carried out in the 20 range from 2° to 40° (T1 and T2) and 2° to 50° (T6
and T7) with step size of 0.02° per 2s step. Interpretation of mineral phases was carried out by
using Eva software.

A model FEG-ESEM XL3 scanning electron microscopy was used to observe the morphology
and size of kaolinite, illite and quartz minerals in the clay size fraction for samples T1 and T2.
The images were obtained by a secondary electron detector after the samples were coating
with gold for a accelerating voltaged (10 kV and 15 kV). SEM (CAMBRIDGE mark
microscope under operating conditions of 3.0 KV) enabled complete identification of mineral.
The clay specimens were there up on put in the acetone suspension. A drop of sample was
pipette into the slide, dried and coated.

The concentrations of the major elements of samples T1, T2, T6 and T7 were obtained on a
BRUKER (S4 PIONER) wave lengths dispersive (WD-XRF) spectrometer. The powder
samples were mixed with 2 g of cellulosic WAX and then pressed in aluminium capsules of
40 mm diameter and 7 mm thickness. A specific standard was developed in order to optimise
the WD-XRF for the matrices of specimens to be analysed. This was done using fourteen
materials of certified reference, made up of rocks, soils, marine and river sediments, clay,
limestone, bauxite with the following codes: NCS DC18009NCS, HCI18802, and CRM N

°3193-89, MARL MV, AMIS 0103, AMIS 0110, AMIS 0078, AMIS 0112, AMIS 0076,
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AMIS 0111, AMIS 0100, AMIS 080, AMIS 0133 and AMIS 0133.The range of elements

obtained is the major element and the accuracy is 0.1 ppm.

4. Results
4.1 Thermogravimetry (TGA)

Thermogravimetric analyses of samples T1, T2, T7are presented in Fig.7 and Table 2.
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Figure 5 - Thermogravimetric curves for samples T1, T2 and T7

The thermogravimetric weight loss evolution curves for T1 and T2 (Figure. 5) show three

events with the sharp decreases in weight. Two of these are followed by the progressive

weight decreases (Table 2). The results of thermogravimetric analyses of the T7 sample show

a thermogravimetric evolution curve of weight loss (Figure. 5), with two levels of sharp

weight decreases and two levels of progressive weight decreases (Table 1). These variations

are represented in Table 1 with the corresponding losses in weight.

Table 1: Temperatures of the different stages of weight loss

Temperature (in °C) at which

Samples Temperature (in °C) at which weight loss is sharp . ) )
Designation weight loss is progressive
First level Second level Thirdlevel First level Second level
Starting temperature 22 200 300 100 659
T1 Final
inal temperature 100 300 659 200 914
Weight loss (Percentage
of weight loss) 1.25 1.28 6.60 1.04 0.44
- Starting temperature 22.57 197.79 300.03 99.79 575.59
Final temperature 99.79 300.03 575.59 197.04 914.37

Page 10 sur 25



T7

Weight loss (Percentage

of weight loss) 2.87 2.65 15.06 3.02 1.52
Starting temperature 24.7 . 307 1003 550
Final temperature 100.3 - 550 307 999.8
Weight loss (Percentage

3.86 - 6.05 2.75 2.76

of weight loss)

4.2 Differential thermal analysis (DTA)
The DTA cuves (Figure 6) present five endothermic peaks for each of the T1 and T2 samples

and two endothermic peaks for the T7 sample.
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Figure 6 - Differential thermal analysis curves for samples T1, T2 and T7

Table 2 shows the different temperature of the samples analysed.

Table 2: Maximum temperatures of observed endothermic and exothermic peaks on the DTA

curves of T1, T2 and T7 samples

Temperature of the
different exothermic

Samples Temperatures of the different endothermic peaks (in °C)
peaks

T1 1"'peak 2" peak 3" peak 5™ peak 6" peak 1" peak 2" peak
(10°C/
mim) 749 17844 259.47 557.41 339.03 ]
T2

o]
(10°C/ ¢ 05 17136 264.11 553.63 350.57 -
min)
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T7

o
(29 )C/ 76.7 ) 253 1 477.6 567 810 20 941.1
min

4.3 X-ray diffraction (XRD) analysis

The X-ray diffractograms of samples T1, T2, T6 and T7 are presented in Figures 7, 8, 9 and
10.
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Figure 7 - X-ray diffractograms in < 80 pm fraction of sample T1. U: untreated sample; EG:
solvated with ethylene glycol; H: heated at 550°C; I: illite; K: kaolinite; G: gibbsite; Q:
quartz; An: anatase; Ru: rutile; Ch: chlorite; HIS: hydroxy-interlayered Na-smectite.
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Figure 8 - X-ray diffractograms in < 80 um fraction of sample T2.U: untreated sample; EG:
solvated with ethylene glycol; H: heated at 550°C; I: illite; K: kaolinite; G: gibbsite; Q:
quartz; An: anatase; Ru: rutile; Ch: chlorite; HIS: hydroxy-interlayered Na-smectite.
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Figure 9 - X-ray diffractograms in< 2 um fraction of sample T6.U: Untreated sample;
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F: Solvated with Formamide; H: Heated at 500°C; I: illite; K: kaolinite; G: gibbsite; Q:
quartz; An: anatase; Ru: rutile; Ch: chlorite; HIS: hydroxy-interlayered Na-smectite

« 2194 =
4.46A

Intensity (a.u)
s

50 10.0 150 200 250 300 350 400 450
Position 26 (Degree)
Figure 10 - X-ray diffractograms in <2 pum fraction of sample T7.U: Untreated sample;
F: Solvated with Formamide; H: Heated at 500°C; I: illite; K: kaolinite; G: gibbsite; Q:
quartz; An: anatase; Ru: rutile; Ch: chlorite; HIS: hydroxy-interlayered Na-smectite

These diffractograms (Figures. 7, 8, 9 and 10) show similar mineral phases.

- Kaolinite is characterised by the peaks at 20: 12.48° and 24.6°, respectively corresponding
to d (001) = 7.19 A and d (002) = 3.58 A. Illite is characterised by peaks at 20: 8.84° 16.38°
and 26.60° corresponding to d (002) = 10.32 A, d (004) =5.40 A and d (006) = 3.36 A.
Gibbsite is characterised by the peak at 20 = 18.2° corresponding to d (002) = 4.85 A, and
goethite is characterised by the peak at 20 = 21.23° corresponding to d(100)=4.18 A. Quartz
is characterised by peaks at 26 : 20.50°and 26.06° corresponding to d(100) = 4.26 A and d
(011) = 3.34 A respectively. Chlorite is characterised by peak at 20 = 6° corresponding to d
(001) = 14.28 A. Hydroxyl-interlayered smectite (HIS) are characterised by 20 = 8.2°
corresponding to d (001) = 12.26 A and 12.48 A respectivelly in untreated and treated with

formamide or ethylene glycol sample.

4.4 Scanning electron microscopy (SEM)
The SEM observations show scattered piles of kaolinites (Figures 1la and 11b), illite
(Figure.11a) and of quartz (Figure.11b) with irregular shape. The etch pit depicted in photo 4
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is analogue to those observed in nature and experimentally on quartz grains by previous

investigations (Kitagawa et al., 1994; Wilson, 1995).

a)Photo 3 b) Photo 4

Figure 11 — Microphotography of the SEM of clay materials of Bamessing; T1 (Clayeys
phases pile of kaolinite and illite with irregular form and disorganisation T1 samples) and T2

(SEM image of raw clayeys T2 sample). Ka : kaolinite ; II : illite ; Q ; quartz

4.5 Chemical composition of clay materials

Table 4 presents the chemical composition of samples T1, T2, T6 and T7. The chemical
results indicated that the concentration of SiO; is the highest of all the elements and ranges
from 46.82 to 65.79% with sample T7 which has the highest SiO; concentration (65.79%). It
is followed by Al,O3 (15.25 to 20.13 %), Fe,Os (iron has a very high percentage within the
specimens of these materials) which varies from 3.71 to 5.23%, K,O (1.66 — 2.62) and TiO,
(1.01- 1.30). T1 has the highest concentration of TiO, (1.30 %). Except for MgO with a value
of 1.2 % in T6, all the remaining elements have lower values (0.3 — 0.95 %). The lowest
values are recorded for MnO with concentrations ranging from 0.03 to 0.06. The amount of
water is expressed by loss on ignition which ranges from 9.81 to 23.15 wt % for samples T7

and T6, respectively.

Table 3: Chemical composition of the clay materials of the T1, T2, T6 and T7 samples in

weight percentages.
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Samples Elemental concentration (in

weight percentages)

T1 T2 T6 T7
Oxides

Si0, 61.13 57.79 46.82 65.79
Al O3 17.01 15.25 20.13 16.19
Fe,0; 5.00 4.63 5.23 3.71
K,O 2.62 1.83 1.66 2.37
TiO, 1.30 1.01 1.11 1.09
MgO 0.83 0.89 1.2 0.95
CaO 0.15 0.46 0.36 0.24
Na,O 0.10 0.07 0.19 0,32
P,0:s 0.10 0.07 0.09 0.1
MnO 0.03 0.07 0.06 0.03
LOI 11.44 17.69 23.15 9.81
Total 100.00 99.99 100.00 100.00

LOI = loss on ignition.

5. Discussion

5.1 Field Analyses

The Cameroon Line is a succession of horts and grabbens with a width of about 100 km,
stretching in a direction of 30° North (Tchoua, 1974). This continental structure belongs to the
inter-tropical domain. Generally, it is marked by the development of a thick weathering
mantle resulting from surface transformation of rocks of the lithosphere, under the influence
of tropical climatic conditions (Ekodeck and Kamgang, 2002). This transformation led to the
production of rock materials, which is through erosion transported and deposited in the lower
zones (sedimentary basins) in the form of sedimentary deposits. This is the case of our area of
study which is partly located on a horts and a grabben, with volcanic rocks at high altitudes
and the alluvial material at low altitudes. This morphostructural organization is due to the
presence of numerous fractures through which the observed watercourses circulate in the
South-eastern part of the Bamenda mountains (area of the present study). This fracturing is
probably linked to the tectonic episodes responsible for the formation of the Bamenda
mountains (Dongmo, 1981). The materials observed and described in the profiles of the wells
can be grouped into two categories namely: the non-productive layer (non-profitable or not
used by craftsmen) and the productive layer (level 3, used by the craftsmen), which is similar
to the alluvial clay from Yaounde (Ngon Ngon et al., 2005). The unproductive layer is on the

surface, very poor in clay and contains nonweathered rock fragments (volcanics, plutonics
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and metamorphics), with many roots. This unproductive layer is represented by level I earlier
described in the different profiles being similar to the soils developed from the alluvium.

The productive layer, which occurs close to the hydromorphic soils, extends from the surface
towards the bottom, but progressively disappears towards the foot of the mountain at the
centre of the plain. It is covered by a non-productive layer. This layer has an acid pH, it is rich
in kaolinite and has small amounts of illite and also base little amount of quartz which is using
in ceramics (20 — 60 um), but with a lot of quartz grains exceeding 100 um in size. There is a
pancity of feldspars and considerable amounts of oxyhydroxides (goethite, gibbsite).

The productive layer includes levels II and III described in the different profiles. This
productive layer contains layers of sand with a lower thickness as that of the quite sticky and
plastic clay materials that occur in the humid state in level III. Local population uses the
materials from level III for pottery production. The boundaries between these layers are
irregular and distinct. The thickness of this layer was not measured because the ground water
table occurs above it, thus preventing any further movement. In one of the quarries exploited

by crafts men, this layer is reported to be more than twelve meters thick during the dry season.

5.2 Thermogravimetric analysis (TGA)
The weight loss for samples T1, T2 and T7 (11.44 %, 17.69 %, and 9.81 %, respectively)

constitute the total amounts of water lost during heating at 999.8°C. The first decreases in
weight fall between 22°C and 307°C correspond to the weight loss due to dehydration. The
weight decreases of these are around 3.54 % for T1 and then vary between 5.61 and 8.54 %,
presuming the existence of hydrated species in the latter.

The other slopes (between 300 and 1000°C) reveal the dehydroxylation of silicate layers
whereby the hydroxides are eliminated from the mineral structure in two steps. This behavior
is probably associated with the presence of 1:1 and 2:1 layer silicate and associated
interstratified minerals (Thiry and Hauff, 1991). After 700°C, the loss in weight evolves in a
progressive manner up to 999.8°C with a brief sharp drop around 824.8°C. This phenomenon
indicates the end of the dehydroxylation of clay minerals of the 2:1 type (muscovite, illite,
smectite) and/or the escape of OH  ions from metakaoline (Gaultieri et al., 1995) .These

phenomena are reported to occur from the surface towards the interior of minerals (Bellotto et
al., 1995).

5.3. Differential Thermal Analyses (DTA)

The different endothermic and exothermic peaks observed on the DTA curves (Figure.8) of
T1, T2 and T7 represent the dehydroxylation and recrystallization of materials (hydroxyl or
oxides, clay mineral and amorphous oxide or silicate) found in the samples. The clayey

materials loose the adsorbed and/or inter-layer water between 25 and 250°C (Marc and
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Jacques, 2003). However, the peaks observed between 25 and 100°C (74.89°C,67.05°C and
76.7°C for T1, T2 and T7, respectively), and 130 and 250°C (178.44°C and 171°C, 3.56°C for
T1 and T2, respectively) correspond to the starting water adsorbed of kaolinite and clay
minerals of the 2:1 type (Vionovitch, 1971; Worral, 1986; Sigg, 1991). The third endothermic
peak of TI, T2 and T7 at 259.47°C, 264.1°C and 253.1°C respectively, represent a
dehydroxylation of gibbsite and goethite layers (Dejou et al., 1977; Njopwouo et al., 1986;
Mohamed et al., 2002). The DTA curves of T1 and T2 have exothermic peaks at 339.03°C
and 350.57°C, respectively. These exothermic peaks correspond to the crystallization of
anatase and other oxides of iron, aluminium and titanium or to the presence of amorphous
silicates and oxides (Lecomte, 2004). The endothermic peaks observed between 470 and
650°C (477.6°C, 498.25°C and 503.63°C), are characteristic of kaolinite dehydroxylation
(Carty and Senaparti, 1998; Sigg, 1991; Lecomte, 2004). Little depression that appears around
557.41°C is characteristic for 2:1 clay mineral dehydroxylation (Carty and Senaparti, 1998;
Sigg, 1991; Lecomte, 2004). This holds true for the peaks of T1, T2 and T7 at 557.41, 553.63
and 567°C, respectively. The micro-peaks (T7) observed around 824.8°C are due to the slight
endothermic phenomena associated with the segregation of domains (2:1 clay mineral) rich in
aluminium (Tsuzuki et al., 1969; Lemaitre et al., 1977).

The mullitisation process is well represented on the T7 curve by the peak with a maximum
temperature of 941.1°C. This peak corresponds to the transformation of kaolinite (Olivier,
2000). Two endothermic and exothermic micro-peaks are also observed on this curve, with
maximum temperatures of 567°C and 705°C, respectively. The exothermic micro-peaks at
705°C indicate crystallisation reactions (freezing of Fe, Al) under high thermal effects (Marc
and Jacques, 2003). The three endothermic peaks at 253.1°C, 259.47°C and 264.105°C
correspond to the onset of the loss of heating. These phenomena are less sensitive on the DTA
curves and are at the origin of the loss of water of oxyhydroxides (goethite, gibbsite). The
endothermic peaks at 477.6°C, 498.25°C and 503.63°C have their equivalences on the DTA
curve between 377°C and 550°C.

5.4- Mineralogy

5.4.1- Qualitative mineral composition of materials

Certain peaks (Figures. 10, to 12) were observed on the untreated diffractograms (d (001)
=12.26 A). According to Grim (1968) and Yildiz and Kuseu (2007) d (001) values at 20 =
8.2° ranging from 12.26 A should indicated a Na-smectite, but Bamessing material after
treatment with glycol ethylene (d (001) = 12.48 A), they are not fully expand and their crystal

structure collapses as indicated by the shift in the 001 peack towards 10 A after heating at 500
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and 550°C in Bamessing materials (Figures.7 to 10).These peaks occur at 8,2 A represent
hydroxy-interlayered smectite (HIS) with Meunier, 2007 and Ransom et al., 1988. The no
fully expansion with glycolated of 20 equal to 8.2° or low angle peak and 20 equal 25.8°
(Figures.9 to 10) indicated that these peaks are not an interstratified illite/smectite (Changling
et al., 2000) but confirm the presence of hydroxy-interlayered smectite. Feldspars, usually
present in the primary clayey materials as residues of decomposition of parent materials
(Shaw et al., 2010), exist in trace amounts as indicated by the peaks at 20 equal to 20° and
27.95°.

Chlorite which characterised by peak at 2 © = 6° corresponding to d (001) = 14.28 A is not
expending with glycolated (characteristic of hydroxyl-interlayered mineral).

Kaolinite has peaks with the highest intensity. The intensity of the peaks indicates the
relative magnitude kaolinite>illite> quartz and > associated minerals (gibbsite, goethite,
chlorite and hydroxyl-interlayered smectite). From the relative quantification made by XRD
Eva software and the relative intensities of the peaks it can be inferred that, kaolinite, illite
and quartz are very abundant in Bamessing raw materials. Goethite and gibbsite occurs in
small quantities. The feldspar peaks were not detectable in analysed XRD patterns (Figures. 7,
8, 9 and 10). This confirms the lack of feldspar in the material analysed. Phophorous has a
low content in specimens, ranging between 0.07 to 0.10%. This mineral has been reported to
occur in association with dickite, a crystalline variety close to the kaolinite group (Brindly and
Porter, 1978). The absence of feldspar is the cause of the permeability and roughness of
ceramic objects manufactured by the population of Bamessing, for it is the fundamental
mineral of ceramic mixture with the role of blending and filling the pores in the course of
baking. Had it not been for the absence of feldspars within this kaolinitic clay, these materials

should have been of better quality for pottery.

5.4.2 Quantitative mineral composition
From the XRD results, the major crystalline phases contained in all the samples are as
follows:

- Iite() :  (K,H30)ALSi3Al010(OH),;  Kaolinite(K) @ ALSi;Os(OH),;
chlorite:(MgsFe)IsizAl)O;0(OH)g; hydroxyl-interlayered Na-smectite (HIS):
Nay sAlx(Si35Alp5)O10(OH)n(H,0); Quartz(Q) : SiO,; Goethite (Go) :FeO(OH) ; Gibbsite
(G): AIO(OH); Anatase : TiO,.

In comparing the results of mineral analyses with those of total chemical analyses, one can
proceed by calculation to a quantification of crystalline phases detected in the specimens.
Quantitative mineral assessment was done using the mineral calculations method of
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Njopwouo (1984) and Yvon et al. (1982) with the following formula: T (a) = XMiPi (a).
Where: T(a) is the oxide content in percentage in chemical element « a » ; Mi is the mineral
content (%) « i » in the material studied and containing the element« i »; Pi(a) is the
proportion of the element « a » in the mineral « 1 » (this proportion is deducted from the ideal

formula attributed to the mineral « 1 »).

Table 4: Mineral compositions (percentage) of samplesT1, T2, T7 and T6.

Samples
. T2 T6 T7

Minerals

Ilite (%) 22.16 15.48 14.04 20.05
Kaolinite (%) 16.23 1522 2442 7.77
HIS (%) 2.51 1.76 477  8.04
Chlorite (%) 2.40 2.58 3.48 2.75
Quartz (%) 42.53 4144 2441 47.44

Anatase (%) 1.09 1.3 1.012 1.11
Gibbsite (%) 0.74 074 073  0.73
Goethite (%) 3.94 354 402 260
Total 88.82 81.78 77.20 90.47

Taking into account XRD patterns of samples (Figures. 7, 8, 9 and 10) and quantitative
mineral composition (Table 4), all samples (T1, T2, T6 and T7) contain same mixture of clay
minerals with different intensity of peaks: illite, kaolinite, chlorite and hydroxyl-interlayered
Na-smectite ((Figures. 7, 8, 9 and 10; Table 4). Mixture of clay minerals is estimated in T1
sample at 40.3 %, in T2 sample at 35.05 %, T6 sample at 46.71 % and T7 sample at 38.61 %.
In quantity illite is higher in T1sample (22.16 %) and less in T6 sample (14.04 %), kaolinite
higher in T6 sample (24.42 %) and less T7 sample (7.77 %). Higher percentage of hydroxyl-
interlayered Na-smectite and chlorite are respectively in T7 sample (8.04 %) and T6 sample
(3.48) with less quantity in T2 sample (1.76 %) and T1 sample (2.40 %). Concerning
associate clay minerals, Bamessing has quartz, goethite, gibbsite and anatase. In quantity
associate clay mineral is estimated at 49.51 %, 46.73 %, 30.47 % and 51.86 % respectively in
T1, T2, T6, and T7 sample. With quartz less quantity is in T6 sample (24.61 %) and higher
quantity in T7 sample (47.44 %). Taking into account mineralogical and chemical association
(5.4.1 and 5.4.2) clayey materials from Bamessing were suitable for ceramic applications.

Illite and hydroxyl-interlayered Na-smectitemay promote the glassy phase responsible for the
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densification of the final product. Kaolinite (as alkali-free clay) may promote mullite

formation (observed in DTA curve).

5.4.3 Chemical composition of the materials

The loss on ignition (9.81 to. 23.15%) of these samples (T1, T2, T6 and T7) is associated with
the presence of clay minerals, hydroxides and organic matter (Baccour et al., 2009). The
presence of considerable amounts of TiO, within these materials is characteristic of potassium
rocks (lavas) of cratonic environments (Cundari, 1979).

The basic components (Alkalis [K,O Na,O] and the earth-alkalis [MgO and CaO]) have
values below 4 %. This accounts for the great plasticity of the clayey materials of Bamessing
(Ferd and Lietti, 2004). Consistent with our findings in Segard (1980) and Olivier (2000),
who reported respectively that clays with a somewhat extensive vitrification is expected since
the ratio (K,O + Na,0)/( MgO + CaO) approximates 1 (whereas a quantitative melt should be
formed for R>1) and low Al,Os contents (Al,O3 < 30wt % in oxide form) are non- refractory.
The Al,Os contents of all the Bamessing clays materials (< 30 wt %) and the ratio (K,O +
Na,O) / (MgO + Ca0) (2.77 in T1, 1.4 in T2, 1.18 in T6 and 2.66 in T7) is meaning that

Bamessing raw material is suitable for porous ceramic products.

6- Conclusion

The clay materials of Bamessing lie directly on the Panafrican pedestal. They are surrounded
in places by cover rocks (volcanic rocks, Panafrican pedestal) and lateritic soils.

Mineral and chemical analysis of clay minerals from levels II and III of Bamessing, using
XRD spectrometry, X-ray Fluorescence, DTA, GTA and SEM show that the mineral obtained
of the Clayey materials from level II of Bamessing (<200 um) is composed of: kaolinite,
illite, chlorite, hydroxyl-interlayered Na-smectite (HIS), quartz, goethite, gibbsite and poorly
crystalline minerals. Clay materials from level III of Bamessing contain the same mineral in
quality put as those from level II but different in quantity. Bamessing clayey material (<200
pm) have mixture of clay minerals between 35.05 and 46.71 % and associate clay mineral
between 30.47 and 51.86%. Its ratio ((K,O + Na,O) / (MgO + Ca0)) is between1.18 and 2.77.
Quantitative mineralogical results of the raw material confirmed that quartz, illite, and
kaolinite are the major minerals present with significant amount of hydroxyl-interlayered Na-
smectite and chlorite. Illitic sample (T1, T2 and T7 samples) with their chemical properties is
generally suitable for various red ceramic bodies. Kaolinitic sample (T6 sample) is suitable
for stoneware. Further applied tests on the clays studied have to be carried out to determine

the formulations for some red ceramic products.
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