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ABSTRACT

Geotechnical tests conducted on clayey materials of Missole I, Douala sub-basin of Cameroon showed that these mate-
rials present: fines particles (55 to 78 wt.%), sand (22 to 44 wt.%), and plasticity index of 13.8 to 21.6%. The X-ray
diffraction (XRD) and the chemical analysis revealed a kaolinite amount of 46 to 56 wt.%, 19 to 27 wt.% of illite, 12 to
19 wt.% of quartz, 3 to 5 wt.% of goethite, 2 to 5 wt.% of hematite, 1.5 to 5 wt.% of anatase, 2 to 3 wt.% of feldspar-K
with 52.87 to 63.11 wt.% of Si0O,, 18.08 to 24.31 wt.% of Al,O;, 3.28 to 11.45 wt.% of Fe,O; and a small content of
bases (<2 wt.%). The results of geotechnical tests combined to those of the XRD and the chemical analysis showed that
the Missole II clayey materials are suitable for the manufacture of bricks, tiles and sandstones.
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1. Introduction

Clay-rich materials are intensively used in the manufac-
turing of ceramics and as construction materials. How-
ever, the clayey deposit types are known as sedimentary,
alluvial, and residual. A good knowledge of their occur-
rences, quantity and properties is required for their effi-
cient exploitation.

In the Douala sedimentary sub-basin (South-Cameroon,
Central Africa), some studies are done concerning the
stratigraphic and tectonic evolution including [1-13].
Others studies are done to set up industrial units for
manufacturing construction materials and ceramics [14]
or concerning the mineralogical and chemical or thermal
characteristics of the clay sediments [15-21].

In the Missole II area (Douala sub-basin), a geological
study is carried out to locate and describe the clayey ma-
terial outcrops and their provenance [22-24]. Also, some
authors showed the possibility to obtain good ceramic
building materials by mixing silica, feldspars, and kao-
linitic and illitic clay of the Missole II area [25]. How-
ever, despite the preliminary works done on the field to
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describe clayey materials and to determine their sedi-
mentation evolution, no further physical, mineralogical
and chemical study is carried out to show their charac-
teristics in order to their applications.

To that effect, the objective of this study is to associate
the geotechnical characteristic to the mineralogical and
chemical compositions of the clay occurrences of the
Missole II deposit in order to evaluate its suitability for
manufacturing of construction materials and ceramics.

2. Geographic and Geological Setting

Missole II is located on the Eastern part of the Douala
sub-basin (Cameroon, Central Africa) between latitude
3°59' - 3°54'N and longitude 9°54' - 9°58'E. It is located
within a humid equatorial climatic zone. Annual rainfall
ranges between 3000 and 5000 mm, and the annual av-
erage temperature is 26°C. The vegetation is a dense
rainforest transformed by human activities [26]. The
geomorphology of the study area is a domain of the
Cameroon coastal plain with low altitudes (40 - 120 m).
The Missole II area shows hills with flat and sharp sum-
mits and is deeply dissected by V and U shaped valleys
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of MBongo, Bongougou, Missolo and Bongo the main
rivers of the area. According to the geological map of
SNH/UD report [12], the relative age of the Missole 11
sediments is Paleocene-Eocene corresponding to the
N’Kapa Formation Figure 1.

The lithostratigraphy of Douala sub-basin is made of
seven major Formations related to its geodynamic and
sedimentary evolution [10-12]. 1) The synrift period
represented by the Mundeck Formation (Aptian-Ceno-
manian) is discordant onto the Precambrian basement
and consists of continental and fluvio-deltaic deposits,
i.e., clays, coarse-grained sandstones, conglomerates.
The postrift sequence includes; 2) the Logbadjeck For-
mation (Cenomanian-Campanian), discordant onto the
Mundeck Formation and composed of micro conglomer-
ates, sand, sandstone, limestone, and clay; 3) the Log-
baba Formation (Maastrichtian), mainly composed of
sandstone, sand and fossiliferous clay; 4) the N’kapa For-
mation (Paleocene-Eocene), rich in marl and clay with
lenses of sand and fine to coarse-grained crumbly sand-
stone; 5) the Souellaba Formation (Oligocene) lying un-

conformably on N’kapa deposits and characterized by
marl deposits with some interstratified lenses and sand
channels; 6) the Matanda Formation (Miocene), domi-
nated by deltaic facies interstratified with volcano-
clasties layers; and 7) the Wouri Formation (Plio-Pleis-
tocene) which consists of gravelly and sandy deposits
with a clayey or kaolinic matrix.

3. Raw Materials and Experimental Methods

The raw material used in this study comes from four
representative clayey profiles of the Missole II area with
three profiles of the interfluves along the Douala-Edéa
road and one from the pit drilling on the lower slope of
the valley. A geological survey shows different types of
sediments with micro conglomerates, sandstones, frag-
ments of ferruginous duricrusts and clays. Clayey layers
are overlain upwards by sandstones or micro conglomer-
ates, ferruginous duricrusts and sandy-clays, and occupy
the lower part of the profiles. Four clayey facies identi-
fied with different mixed textures like sandy-clay, clayey-
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Figure 1. Geological sketch map of Cameroonian coastal basins (SNH/UD, 2005).
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silt and silty-clay are mainly of sedimentary origin [23,
24]. The average thickness of the exploitable layers is 2.5
m. Two clayey samples collected from clay layer of each
representative profile for mineralogical and chemical
data are mixed to obtain average sample which served to
realize the geotechnical analyses. A sufficient quantity of
the single mixture of 2 to 3 kg of sediments is collected
from a meter-long groove. The sample is analyzed for
physical, mineralogy and chemistry.

The particle size distribution has been achieved in two
steps: 1) a conventional sieving for the 63 to 2000 pm
fractions; 2) using a sedigraph 5000 in automatic proce-
dure for clay and silt fractions. The liquid limit is meas-
ured by the method of the dish of Casagrande (wL) and
the plastic limit by the method of the roller (wP). The
blue methylene value (Vb) is determined on the total
sample.

One hundred grams of each homogenized sample is
grounded to —200 mesh (0.075 mm) in an agate mortar
for chemical and XRD mineralogical study. Mineral
identification is performed using a Setsys 2400 apparatus
from SETARAM 85 equipped with a DSC 1500 heat
system with Pt crucibles for thermal analysis, from room
temperature up to 1100°C using a rate treatment of
10°C'min" and alumina heat treated at 1500°C serving as
reference material. For XRD, a Briinker diffractometer
D8 ADVANCE with a copper source (AL = 1.5489 A) is
used on bulk and fine (<2 um) samples, working under
40 kV and 40 mA. The exposure time for qualitative
analysis is 2 h. Mineralogical phases are identified
(JCPDS, 1998). Semi-quantitative analysis is performed
[27]. For microscopic analysis, clay samples are exam-
ined with a scanning electron microscope (SEM) (Cam-
bridge stereos can 200) coupled with an energy disper-
sive spectra microprobe (EDS). Homogenized powder of
sediment sample is chemically analyzed for major and
trace elements by ICP-AES after dissolution using acid
digestion procedure with HF, HNO;, and HCIO,. Classi-
fication of the clayey materials is performed by Autret
(1983) method [28,29]. This method differentiates lat-
eritic materials to non lateritic materials. It is based on
the ratio S/R where, S is the ratio between SiO, concentra-
tion and the molar mass and R the ratio between Al,O3
plus Fe,O; concentrations and their molar mass. In fact,
for true lateritic material S/R is less than 1.33, for lateritic
rocks it is 1.33 to 2, and for clay material it is more than 2.

4. Results
4.1. Geotechnical Characteristics

The particle size distribution of the raw basic materials
shows that the samples consist of 23 to 45 wt.% of sand,
17 to 33 wt.% of silts and 34 to 45 wt.% of clayey frac-
tions. The geotechnical characteristics of the samples are

Copyright © 2013 SciRes.

reported in Table 1. These results are permitted to de-
duce that the class of these samples is in fine fractions
[30]. The plasticity index (13.8% to 21.6%) is varied be-
tween 12 and 25, and shows that these materials are av-
eragely plastic [31]. This plasticity is presumably a con-
sequence of the average content of clayey minerals and
quartz. The methylene blue value (0.4 to 0.91 g/100g) of
the concerned materials, which is corroborated with the
plasticity index, may suggest the absence of swelling
clay minerals.

4.2. Mineralogical Composition

4.2.1. DTA analysis

Figure 2 represents the DTA analysis curves obtained
for the raw materials M2P3 and M2A3 at room tempera-
ture up to 1100°C using a rate treatment of 10°C-min .
Differential scanning calorimetric (DSC) observed on
these DTA analysis curves shows endothermic pheno-

Table 1. Geotechnical characteristics of the samples.

Geotechnical

characteristics Results

Average samples M2A2  M2P3  M2P4  M2A3

Depth (cm) 600 - 750 700 - 800 700 - 800 50-150

Particles size distribution (wt.%0)

Sand (2000 - 63 pm) 45 313 44 22
Silts (63 - 2 um) 21 25.5 17 33
Clays (<2 pm) 34 432 39 45

Atterberg limits

Liquid limit, wL (%)  35.11  40.87 329 4745
Plasticity limit, wP (%)  19.84 2292  19.07 2581

Plasticity index, P1 (%) 15.27 17.95 13.83 21.64

Blue methylene value of

the total sample (g/100g) 04 0.82 0.7 0.91

<Endo-Exo>

-101 \

574°C

0 200 400 600 |
Temperature("C)

Figure 2. DTA curves of M2A3 and M2P3 materials for a
heating rate of 10°C/min.
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menon towards 110°C associated to the physisorbed wa-
ter and another endothermic phenomenon towards 320°C
due to the dehydroxylation of goethite. A specific endo-
thermic transformation at 400°C - 600°C is due to the
loss of structural hydroxyl groups of the kaolinite and an
exothermic peak at 900°C - 1000°C due to the structural
reorganization of the metakaolinite [32,33].

4.2.2. X-Ray Diffraction

The diffractograms of powder of the bulk samples
ground until <80 pm revealed that clayey materials are
kaolinitic and illitic and have permitted the detection of
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the following mineral phases: kaolinite, quartz, illite,
goethite, hematite and accessory feldspar-K and anatase
[24]. These mineral phases were usually present in the-
clayey materials of the Douala sub-basin [16,17,21].

The diffractograms of <2 pm fraction of Figure 3 also
indicated the presence of the same mineral phases ob-
served in the total samples with kaolinite, illite, quartz,
goethite, hematite and accessory feldspar-K and anatase.
Comparison of the minerals detected, these mineral
phases are present in the fraction of the smaller and
thicker granulometry.

The Table 2 gives the semi-quantitative mineralogical
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Figure 3. XRD patterns of <2 um clay samples from Missolle 11 area of (a), (b), (c) and (d) profiles. A: Anatase; G: Goethite;

He: Hematite; Il: lllite; K: Kaolinite; Q: Quartz; F: K-feldspar.

Table 2. Semi-quantitative mineralogical composition of the samples (wt.%0).

Profiles of the interfluves

Profiles of the pit

Profiles a b c d
Samples EAl EA2 M2A2 EB1 EB2 M2P3 EC1 EC2 M2P4 ED1 M2A3
Depth (cm) 600 - 700 700 - 750 600 - 750 700-750 700-750 750-800 700-750 750-800 700 -800 50 -100 50 - 150
Kaolinite 53.9 52.1 53.6 46.4 50.4 48.1 47.7 48.5 48.5 47.8 48.4
1lite 23.5 20.5 20.8 26.3 19.9 23.4 26.6 19.2 20.8 25.0 23.6
Quartz 16.1 15.0 17.1 18.8 17.7 18.2 12.5 17 16.9 13.7 16.1
Goethite 3.0 4.0 42 3.9 3.0 4.0 32 4.4 3.8 5.0 4.1
Hematite - 2.2 1.6 - 3.0 2.1 32 4.4 3.6 2.9 32
Anatase 3.5 3.6 33 4.6 - 33 43 1.5 33 2.9 3.1
Feldspath-K - - - - 3.0 1.2 - 2.2 1.6 - -
Copyright © 2013 SciRes. OJCE
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composition of the mineral phases of the samples. It re-
ported an important proportion of kaolinite (46 to 56
wt.%), appreciable amounts of illite (19 to 27 wt.%) and
quartz (12 to 19 wt.%), which are in relation with the
value of the plasticity index (13.8 to 21.6%) and the me-
thylene blue value (0.8 to 1.6 g/100g). The amounts of
the other mineral phases are respectively goethite (3 to 5
wt.%), hematite (2 to 5 wt.%), anatase (1.5 to 5 wt.%)
and feldspar-K (2 to 3 wt.%).

4.2.3. Microscopic Analysis

Figure 4 shows a SEM observation performed on sam-
ples of grey and mottled, with sandy-clay, silty-clay and
clayey-silt texture. In clayey materials, piles of disor-
dered kaolinites are observed with various sizes and ir-
regular forms, which indicated that kaolinites of sedi-
mentary clayey material of the Missole II area are poorly
crystallized [34].

4.3. Chemical Composition

The chemical composition of the samples is given on
Table 3. The results of the chemical analysis shows the
presence of important amounts of SiO, (52.87 to 63.11
wt.%), associated with an appreciable amounts of Al,Os
(18.08 to 24.31 wt.%) and Fe,0O5 (3.28 to 11.45 wt.%)
and a small content of bases (<2 wt.%, CaO + MgO +

NazO + Kzo)
These results show that quartz, alumino-silicates com-

M2P3

-l" - V\.
B Shirsesaan e | A RS U

M2A3

Figure 4. SEM images of M2P3 and M2A3 clayey materials
of Missole I1.

Table 3. Chemical composition of the sample.

Profiles of the interfluves

Profiles of the pit

Profiles a c d
Samples DL EA1l EA2 M2A2 EB1 EB2 M2P3 EC1 EC2 M2P4 ED1 M2A3
Depth (cm) 600 - 700 700 - 750 600 - 750 700 -750 700-750 750-800 700-750 750-800 700-800 50-100  50-150
SiO, 0.01 63.11 56.85 58.01 54.97 57.24 56.23 52.87 54.02 54.08 63.1 62.84
Al,O4 0.01 18.94 2431 23.06 22.16 19.1 20.87 23.24 20.59 21.01 18.08 18.61
Fe, O, 0.01 3.28 3.45 3.39 5.96 7.54 8.02 3.51 11.45 8.89 4.0 3.54
CaO 0.01 0.04 0.02 0.02 0.02 0.2 0.02 0.02 0.02 0.02 0.02 0.02
MgO 0.01 0.1 0.1 0.1 0.13 0.08 0.1 0.13 0.08 0.12 0.1 0.1
Na,O 0.01 0.06 0.06 0.06 0.1 0.03 0.1 0.06 0.06 0.06 0.06 0.06
KO 0.01 0.43 0.4 0.49 0.77 0.21 0.3 0.47 0.47 0.47 0.6 0.7
TiO, 0.01 1.02 1.38 1.42 0.99 1.1 1.0 1.2 1.2 1.2 0.78 0.83
MnO 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
P,Os 0.01 0.02 0.04 0.04 0.04 0.04 0.03 0.02 0.05 0.05 0.03 0.03
Cr,0; 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.01
LOI 13.02 13.12 13.29 14.21 13.85 13.21 17.38 11.81 14.01 14.4 12.34
Total 99.94 99.75 99.9 99.37 99.22 99.9 99.29 99.79 99.93 99.25 99.34
DL: Detection limit; LOI: Loss on ignition.
Copyright © 2013 SciRes. 0OJCE
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pounds and iron minerals are predominate in the samples.
The weak content of oxide calcium or potassium has
proven that the calcitic and potassic minerals like calcite
or feldspar are absent or are in a weak proportion. With
S/R more than 2, the analyzed samples are clays [28].

5. Discussion

The particle size in this study revealed texture classes:
silty-clay, clayey-silt and sandy-clay described in many
deposits of the Douala sub-basin [17,21]. These classes
characterized very sticky and plastic materials in accor-
dance with some field characteristics such as smoothness,
stickiness and plasticity [35]. Indeed, the fine particles
and especially the very fine clay minerals determine the
plasticity of an earthly material [32]. The plasticity index
(13.8% to 21.6%) of the above clayey samples is sup-
ported by the high amounts of fine particles (silt + clay)
and fine clay minerals. The amount of clay fraction is
used to determine the manufactured products as is shown
in Table 4 [36]. However, particle size and plasticity
index are amongst the main geotechnical characteristics
used to determine a convenient choice of construction
material. In this case, taking into account of the amounts
of sand (22 to 44 wt.%), fine particles notably the clay
fractions (34 to 45 wt.%), and plasticity index, the Mis-
sole II clayey materials are convenient to the manufac-
turing of bricks, tiles and sandstones [37-39].

The mineralogical composition and geotechnical
characteristics of a construction material must be known
simultaneously in order to make a suitable choice for this
raw basic material. It is well known that clay minerals
have detrimental effects on the geotechnical properties;
since some swelling clay minerals such as smectites ab-
sorb more water than the other (e.g. kaolinite). The volu-
metric shrinkage which increases with swelling clay
minerals such as smectites constitutes an important pa-
rameter to take into account for civil public engineering
[29,40]. The amount of clay minerals and especially
swelling clay minerals contribute to the increasing of
volumetric shrinkage and the swelling phenomena. Some
authors joined the swelling potential and/or volumetric
shrinkage to two parameters [36]. A first ordering is based
on the plasticity index and the percentage of fine clayey

Table 4. Relation between particles size and type of ceramic
product to realize (after Cere and Mazel, 1993).

fraction (<2 pm size). A second method proposes to use
the liquid limit and the percentage of fine particles which
size is less than 74 um [41]. In this case, the studied ma-
terials, which have plasticity index between 12% and
25%, 34 and 45 wt.% of clayey fraction (<2 pm size), 54
and 78 wt% of fine fraction (<80 pm size) and liquid
limit between 32% and 47% are very low to moderate
swelling materials as is indicated in Table 5. This obser-
vation is corroborated with the mineralogical composi-
tion which shows that fine fraction is mainly composed
of kaolinite and few illites, as well as smectites are absent.

The geotechnical and mechanical characteristics of
clayey materials are essentially depending on their che-
mical and mineralogical compositions as well as of the
minerals distribution [37,39]. In this study, the clayey
samples mainly constituted of poorly crystallized kaolin-
ite (46 to 56 wt.%), which is in agreement with the loss
on ignition (12% to 17%), illite (19 to 27 wt.%) and
quartz (12 to 19 wt.%), are adequate for the composition
of ceramic pastry [42] and for the manufacturing of
bricks and tiles [14,37]. Also, clayey materials are sili-
ceous (SiO, > 60 wt.%), with their alumina (Al,053) con-
tent less than 35 wt.% and appreciable amount of iron
(<10 wt.% with the exception of EC2 sample) is suitable
for the manu- facturing of tiles and bricks [41]. However,
the weakest amounts of bases <2 wt.% (oxides of cal-
cium, magne- sium, sodium and potassium) which are
the smelting or cimentitious compound corroborated with
the flexural strength less than 10 MPa of the Missole II
clayey material [25].

6. Conclusions

The following conclusions can be drawn out from the
present work:

1) The geotechnical, mineralogical and chemical re-
sults show that the clayey materials of the Missole II,
Douala sub-basin of Cameroon are mainly constituted of
sand (23 to 45 wt.%), silts (17 to 33 wt.%) and clays (34
to 45 wt.%) with plasticity index of 13.8% to 21.6%.

2) Kaolinite, illite and quartz are the main minerals.

3) Clayey materials are also siliceous and aluminous,
and have appreciable amount of iron in most clayey

Table 5. Swelling potential of soils according to their plas-
ticity index, liquid limit and respectively their <2 and <74
pm fractions.

¢ <2 pm (wt.%) Ceramic products to realize Pl (%) % <2pm % <74um wL (%) Swelling potential
5-25 Full bricks >35 >95 >95 >60 Very high
25-35 Perforated bricks 22-35 60 -95 60 -95 40 - 60 High
35-45 Hollow bricks, drains 18- 22 30-60 30-60 30-40 Moderate
40 - 50 Tiles, hordes <18 <30 <30 <30 Low
Copyright © 2013 SciRes. 0OJCE
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samples (Fe,O; less than 10 wt%).

4) Based on the obtained geotechnical, mineralogical
and chemical results, and the literature data, the studied
materials are suitable for the manufacturing of bricks,
tiles and sandstones.

5) These clayey materials present poor mechanical
characteristics (feeble flexural strength and great fragility)
partly linked to the chemical and mineralogical nature
fundamentally complex of natural clays.
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