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Abstract
A combined petrographic, mineralogical, and geochemical characterization of the lateritic hardpan deposits of Bamend-
jou was carried out. The purpose was to better understand the process of laterization in a view to facilitate the broad 
use of this deposit in building applications. The petrographic analysis reveals the presence of protopisolithic, massive, 
and nodular facies. On the basis of the results provided by X-ray diffraction (XRD), these facies are composed of such 
phases as gibbsite, goethite, hematite, anatase, and kaolinite. In addition, boehmite has been found in the massive and 
protopisolithic facies, whereas gibbsite and magnetite frequently occupy the nodular facies. Whole-rock geochemi-
cal data indicates that a alumina represents the most abundant oxide in the protopisolithic and the massive facies 
(46.78–51.63 wt.% and 42.85–43.45 wt.%, respectively). It is followed by relatively high content of iron 12.93–18.33 wt.% 
and 23.43–23.78 wt.%, respectively) accompanied by very low contents of silica 1.44–2.75 wt.% and 2.44–3.99 wt.% of 
 SiO2 respectively) and titanium 3.70–47.0 wt.% and 4.00–5.30 wt.%, respectively). Iron is the most abundant chemical 
element in the nodular facies since it ranges from 49.64 to 58.58 wt.%. The petrographic, mineralogical and geochemical 
geochemical (especially the high iron content) features suggest that the lateritic duricrust of the Bamendjou area have 
good potential to be utilized in stonework in buildings (bricks).

Keywords Bamendjou · Laterite duricrust · Petrographic · Mineralogical · Geochemical · Massive facies protopisolithic 
facies · Nodular facies

1 Introduction

Lateritic soils occupies one third of the intertropical zones 
[41] and is developed essentially in dry tropical climates 
with contrasted seasons [7, 46]. These soils are developed 
in the tropics through the process of weathering which 
favors the formation of iron, aluminum, manganese and 
titanium oxides. Iron and aluminum oxides are promi-
nent components in lateritic soils and with the seasonal 
fluctuation of the water table, these oxides results in the 

formation of lateritic hardpans, which can be observed 
within the weathering profile. The African continent is typi-
cally abundant with lateritic soils and lateritic hardpans 
and in certain areas these have been exploited for min-
erals (bauxite, iron, manganese, [25]). Bauxite constitutes 
the mineral ore most exploited industrially. In Cameroon, 
many studies were carried out on lateritic hardpans par-
ticularly that of Adamaoua [42] and the Bamiléké plateau 
[19, 27, 40, 47]. On Bamiléké plateau, the essential studies 
were concentrated on the lateritic crust of Fongo-Tongo 
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and Bangam which extends to other areas such as Fokoué, 
Doumbouo, Loung-Ndô and Meletan [26]. Interestingly, 
Bamendjou which is located in the North-West of Bangam 
has not been the subject of studies as has been Fongo-
Tongo and Bangam. The lateritic hardpans here, is a conti-
nuity of those found in Bangam and hence developed on 
the same basaltic substratum. Some other studies [20, 22, 
27, 34] have given some applications of laterites. However, 
no proper use of a material can be envisaged without its 
proper characterization. Therefore, the aim of this study is 
to present a detailed mineralogical and geochemical data 
of lateritic hardpans from Bamendjou (Western Cameroon) 
and determine their potential industrial applications.

2  Materials and methods

2.1  Natural framework of the study

The studied site is located in Bamendjou, which is at the 
heart of the Bamiléké Plateau between longitudes 10° 15′ 
and 10° 30′ East and latitudes 5° 15′ and 5° 30′ Northern. 
This area belongs to the Western Highlands of Cameroon, 
which corresponds to a portion of the old Precambrian 
base, renovated and deformed during Panafrican tectonic 
event. Tectonics and volcanism are the main geological 
features of the Western Highlands [30]. The landscape 
consists of several interfluves with convex slopes, which 
in some places present themselves as soft inclined pro-
jecting ledges connected to talwegs. According to the 
digital elevation model, the average altitude of the ter-
rain lies between 1400 and 1600 m. (Fig. 1). The highest 
altitudes are greater than 1650 m and are located in the 
South-west of study area and at the same elevation as that 
of the lateritic hardpans of the Bangam plateau. Thereafter 
it decreases progressively towards the North-East, which 
is towards Bafoussam while passing through Bamendjou. 
Geologicaly, the mantle of the zone of study was devel-
oped on basalts (Fig. 2), which were emplaced in the form 
of pillow lava and could be classified as “plateau basalt’’ 
[33]. Their origin is linked to a system of fractures of major 
direction N 30°. These fractures are circumscribed in a 
band approximately 100 km wide over more than 1600 km 
long called the “Cameroon volcanic Line” [17]. Their age is 
generally attributed to the Cretaceous or the beginning 
of the Tertiary age [23]. These basalts are indicative that 
they have alkaline or transitional affinities [15] and exhibit 
a porphyritic and aphyric microlitic texture. Microscopic 
studies show an olivine and clinopyroxene basalt consist-
ing of olivine (25%), augite (23%), apatite (23%), bytown-
ite (17%), magnetite (5%), ilmenite (4%) and diopside 
(3%). The lateritic gravel of Bamendjou can therefore be 
classified as “true laterites” and are made up averagely of 

kaolinite (11%), goethite (67%), ilmenite (4%), magnetite 
(7%) and corundum (11%) [31]. 

Pedologicaly, two great soil types can be distin-
guished in the area. These are the ferralitic soils found 
at the top of the plateau and on the hillsides, as well as 
hydromorphic soils found in the lowlands and consisting 
of minerals and organic matter. Bamendjou is drained 
by the watershed of the Mifi-south with a subparallel 
drainage pattern. The average annual precipitation of 
1618.18 mm is associated with the average annual of 

Fig. 1  Digital ground elevation model of Bamendjou

Fig. 2  Geological map of the study area
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temperature of 20.8 °C, which are typical of wet tropical 
climates. The vegetation is an anthropic savanna known 
as the Grassfield of Western Cameroon. Afforestation is 
actually done by cultivating eucalyptus, which is well 
adapted to the local soil and climatic conditions.

2.2  Materials and methods

To attain the objectives, an examination of the landscape 
was carried out, with a detailed soil profile carried out, 
as well as thin sections performed on specimens of the 
lateritic hardpans of Bamendjou. The landscape was 
studied by an identification of the principal plateau and 
different hardpan facies. Two samples of the various 
hardpan facies were taken from the field and subjected 
to petrographic, mineralogical, and chemical analysis. 
The petrographic analysis of the different hardpan facies 
was made at a macroscopic scale by a visual observa-
tion and at the microscopic scale with the assistance of 
an electronic microscope of Leica made (DM 750, X 40).

The analysis of the mineralogical phases was per-
formed by X-ray diffraction (Bruker D8 Advance diffrac-
tometer) using monochromatic Cu Ka radiation with 26 
ranges of 2°–70° in steps of 0.020° operated at 40 kV and 
25 mA using Cu-Kα1 radiation (I = 1.5406 A). The inter-
pretation of the mineral phases was carried out using 
the appropriate criteria according to [9] with the aid of 
the EVA software. The qualitative and semi quantita-
tive estimates [6] (± 5–10%) were based on the heights 
of the diagnosed peaks multiplied by the appropriate 
correction factors [8, 11] and the mineral abundances 
were normalized to 100%. For semi-quantification of the 
different clay minerals, estimates of kaolinite, illite, and 
chlorite were based on the height of 001 reflections (at 7, 
10 and 14 Å, respectively) with correction factors of 0.7, 
1.0 and 0.34 respectively [14]) on glycolated specimens.

The chemical composition of the whole-rock samples 
was obtained from X-ray Fluorescence spectrometer 
located at the Petrology Laboratory of the University 
of Liege. The sample (0.34 mg) which was previously 
calcined at 1000 °C was mixed with KBr (0.34 mg × 11), 
LiBr (0.0002 mg) and fired again to form pellets. The 
spectrum of major oxides in each sample was obtained 
by X-ray fluorescence spectrometry, and these help to 
determine the relative abundance of each element in 
the sample [35, 38].

3  Results

3.1  Distribution of the hardpan facies 
on the landscape

Principal hardpan surfaces were found in Kong-Dang, 
Kong-T’honta, Kong-Mboum, Kong-Kang and Kong-Chi. 
These consist of three types of petrographic facies:

• The protopisolith facies, which were found at altitudes 
higher than 1620  m and principally at Kong-Kang, 
Kong-Mboum, Kong-Ndji, as well as the top of the inter-
fluve of Kong-T’honta;

• The massive facies situated at altitudes ranging 
between 1580 and 1620 m in Kong-Dang;

• The nodular facies occupying the slopes of Kong-
T’honta and at altitudes lower than 1580 m.

An observation of trial pits on the slopes of these 
interfluves shows similar facies from the top surface 
towards the depths. At the pedological level, the pro-
files are made up of: a disturbed horizon of fine gravels; 
a horizon of a block of hardpans in an argillaceous matrix 
associated with fine gravels; an argillaceous horizon of 
yellowish to grey color and a horizon of basalt undergo-
ing weathering (Fig. 3).

Fig. 3  Typical illustration of the weathering mantle of Bamendjou 
on the slopes. Key Disturbed horizon (B1); crust horizon (B2); argil-
laceous horizon (B3); weathered bedrock (C)
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3.2  Petrography of the facies

On the basis of the classification proposed by [41], the 
following facies were identified and subjected to a pet-
rographic study:

• A thin section carried out on the massive facies presents 
a deep reddish color (10R4/6) (Fig. 4a), with some sub-
spherical millimetric cavities, having a heterogeneous 
matrix at the top but disorientated at the base. Micro-
scopically, it presents a dark red ferruginous plasma 
on which one observes some whitish crystalic plasma 

developed around the microlitic cavities or voids. The 
disturbed matrix presents yellowish cutanic zones 
(Fig. 4b).

• A thin section carried out on the protopisolithic facies 
presents a matrix of very deep purple-red color (10 YR 
3/6) (Fig. 4c) sectioned by protopisolithic of yellowish 
color (7.5YR7/6), developed around cavities of millimet-
ric sizes. Microscopically (Fig. 4d), the slightly disturbed 
matrix presents crystal plasma developing around the 
voids.

• A thin section carried out on the nodular facies present 
some nodules with very deep reddish color (10 R 4/6) 

Fig. 4  Macroscopic and micro-
scopic organization of hardpan 
facies. F clay rich plasma with 
ferruginous matrix, C crystal 
rich plasma with gibbsite, P 
protopisolith, Cu cutane, N 
nodule. a Massive duricrust 
facies; b microscopic view of 
the massive duricrust facies; c 
protopisolithic duricrust facies; 
d microscopic view of the 
protopisolithic duricrust facies; 
e nodular duricrust facies; f 
microscopic view of the nodu-
lar duricrust facies
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(Fig. 4e), as well as light red (2.5 YR 3/2) across which 
are millimetric inter nodular cavities. Microscopically, 
it presents a light matrix dissected by a network of 
crystal-rich plasma filling the voids. (Figure 4f ).

3.3  Mineralogy of the facies

Table 1 presents the mineralogical composition of the vari-
ous facies.

From the mineralogical perspective, the minerals pre-
sented in all facies are represented by: gibbsite, goethite, 
hematite, anatase and kaolinite. In addition, boehmite 
was encountered in the massive and protopisolithic 
facies, while trace amounts of magnetite were found in the 

nodular facies. Gibbsite with characteristic peak of 4.83 Å 
represents the most abundant mineral phase of mas-
sive (61.11–62.99%) and protopisolithic (66.40–70.07%) 
facies (Fig. 5). Goethite is also significant and represents 
(10–20)% of minerals detected by X-ray. The predominant 
mineral of the nodular facies is goethite, though amount-
ing to only (58.1–61.71)% of minerals detected by X-ray, 
marked by a major peak appearing at 4.16 Å. Gibbsite is 
the second most abundant mineral in these facies and 
this represents (16.66–29.33)% of minerals detected by 
X-ray. Additionally, trace amounts of magnetite (2.56 Å) 
were detected in nodular facies (2.86–3.20%). The analy-
sis of the argillaceous fraction (Fig. 6), revealed that kao-
linite is the only clay-group mineral recognized with the 

Table 1  Mineralogical composition of the stone lateritic blocks of Bamendjou

Samples Facies Mineralogical elements Sum

Gibbsite Goethite Hematite Anatase Kaolinite Boehmite Magnetite

B Protopisolithic 70.07 10.45 1.53 3.69 2.58 11.56 – 99.9
K 66.4 12.94 5.95 2.6 2.99 9.11 – 100
T2 Massive 61.11 20.59 6.79 3.33 2.91 5.29 – 100
D 62.96 10.15 14.35 2.95 6.6 2.98 – 100
T1 Nodular 16.66 58.1 6.9 1.99 13.54 – 2.86 100
M 29.33 61.71 1.16 1.08 3.51 – 3.2 100

Fig. 5  XRD patterns of lateritic hardpans of Bamendjou. Kln kaolinite, Boe boehmite, Gi gibbsite, Goe goethite, He hematite, An anatase, Mag 
magnetite, B and K1 protopisolithic facies, D and T2 massive facies, M and T1 nodule facies
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peaks at: 7.1  Å (Nodular); 7.17  Å (Massive) and 7.19  Å 
(Protopisolithic).

3.4  Geochemistry of the different facies

Table 2 below presents the chemical composition of facies.
From Table  2 it may be inferred that chemical 

composition of various facies shows remarkable dif-
ferences. Alumina is  the most abundant oxide in 

the protopisolith (46.78–51.63  wt.%) and massive 
facies (42.85–43.45  wt.%), This is followed by a rela-
tively high content of iron oxide ((12.93–18.33)% and 
(23.43–23.78)% of  Fe2O3 respectively) and very low 
content of silica ((1.44–2.75)% and (2.44–3.99)% of 
 SiO2 respectively), then titanium ((3.70–470)% and 
(4.00–5.30)% of  TiO2 respectively). Iron is the most 
abundant chemical element in the nodular facies with 
(49.64–58.58)% of  Fe2O3. On the other hand, the loss 

Fig. 6  XRD patterns of the 
oriented < 2 µm fraction of 
the clay sample: air-dried (N), 
ethylene glycol (EG), and heat 
treated (500 °C). B (proto-
pisolithic facies), T2 (massive 
facies), T1 (nodule facies)
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on ignition (LOI) shows high values in the protopisolith 
(26.44–29.35)% and massive (23.58–25.28)% facies, as 
compared with the nodular facies (16.13–19.72)%.

3.4.1  Matrix of correlation between the minerals 
and the major oxides

Table  3 presents the data correlation by the Pearson 
coefficient between the minerals and the major oxides.

High correlation − 0.7 to − 1 and 0.7 to 1; average cor-
relation − 0.5 to − 0.7 and 0.5 to 0.7; lower correlation 0 
to − 0.5 and 0 to 0.5.

It arises from Table 3 that:

• The gibbsite shows a strong positive correlation with 
aluminum and the loss of ignition (LOI) characterized 
by a coefficient of correlation respectively of (r = + 1) 
and (r = + 0.99). It also shows a strongly negative cor-
relation (r = − 0.99) with iron oxide.

• Kaolinite presents a strongly negative correlation 
(r = − 0.89) with alumina and a strongly positive corre-
lation with silica (0.89) and oxides according to: MgO 
(r = + 0.81); CaO (r = + 0.73);  K2O (r = + 0.88).

• As for the goethite and hematite, the correlation is 
averagely positive with iron and is characterized by a 
coefficient of correlation respectively of (r = + 0.55) and 
(r = + 0.62).

• The anatase shows a strong correlation with titanium 
oxide, with a coefficient of correlation of (r = + 0.86).

4  Discussion

The study area falls within the intertropical zone and 
consequently is typically marked by the development 
of a thick weathered mantle resulting from the surface 
transformation/alteration of the parent rocks of the litho-
sphere due to the influences of climatic [12]. This weath-
ered mantle is encountered at shallow depths, and even 
at certain places-it crops out to the surface as blocks of 
lateritic hardpans resulting from the direct transformation 
of basalt [21, 23]. These all belong to the lateritic hardpans 
of the Western Highlands of Cameroon, which are located 
preferably on fissural volcanic effusions [29]. The lateritic 
hardpans of Bamendjou are situated at the level of pla-
teau with flat-topped or slightly wavy and rounded peak 
interfluves. In general, these lateritic hardpans are more 
often attached to the stepped flattened surfaces of slopes 
located at elevated positions on the landscape [3].

In the study area, the lateritc hardpans are continuous 
and laid out in several layers with the thickest layer out-
cropping as a slab and as jointed blocks located at alti-
tudes higher than 1580 m. These altitudes are higher than 
those found in the environs of Ngaoundéré (1200–1400 m) 
and at Foumban (1100–1200 m) [13, 44]. Then, at the inter-
mediate layer the hardpans are made up of non-jointed 
blocks with fine gravels in-between them, and all these 
are located at altitudes between 1560 and 1580 m. These 
are often termed as sloped hardpans. Their discontinuous 
nature is generally attributed to in situ degeneration of ini-
tial hardpans [3, 28, 39]. At the lower layer these hardpans 

Table 2  Geochemical composition of the various facies

Samples Facies Geochemical elements (wt.%) LOI Sum

Al2O3 Fe2O3 SiO2 TiO2 MnO MgO CaO Na2O K2O P2O5

B Proto-pisolithic 51.63 12.93 1.44 3.70 0.02 0.11 0.02 0.00 0.00 0.28 29.35 99.48
K 46.78 18.33 2.75 4.70 0.06 0.16 0.00 0.00 0.00 0.18 26.44 99.40
T2 Massive 43.45 23.43 2.44 4.00 0.04 0.16 0.02 0.00 0.01 0.50 25.28 99.33
D 42.85 23.78 3.99 5.23 0.05 0.20 0.00 0.00 0.00 0.15 23.58 99.83
T1 Nodular 14.30 58.58 5.30 1.53 0.08 0.39 0.03 0.00 0.02 1.45 16.13 97.81
M 24.16 49.64 1.18 2.44 0.04 0.32 0.02 0.00 0.01 1.52 19.72 99.05

Table 3  Pearson correlation 
between major oxides and 
minerals of the lateritic 
hardpan of Bamendjou

Oxides majors Minerals elements

Al2O3 Fe2O3 SiO2 TiO2 MnO MgO CaO K2O P2O5 LOI

Goethite − 0.65 0.55 0.66 − 0.90 − 0.38 0.57 0.87 0.87 0.98 − 0.42
Hématite − 0.52 0.62 0.51 − 0.002 0.97 0.60 − 0.15 0.10 − 0.47 − 0.74
Gibbsite 1 − 0.99 − 1 0.81 − 0.43 − 0.98 − 0.64 − 0.85 − 0.50 0.96
Anatase 0.99 − 0.97 − 0.99 0.86 − 0.36 − 0.97 − 0.67 − 0.87 − 0.57 0.93
Kaolinite − 0.89 0.83 0.89 − 0.98 0.05 0.81 0.73 0.88 0.80 − 0.73
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consist of fine gravels and are located at altitudes going 
from 1540 m to more than 1560 m. These fine gravels are 
breakdown products of the hardpans due to plant actions.

Such an altitudinal succession of hardpans was also 
described by Eno Belinga [13] in the Ngaoundere area, 
with continuous hardpans at altitudes between 1200 and 
1400 m and discontinuous hardpans on plateaus at alti-
tudes between 900 and 1100 m associated with loose red-
dish ferraltic soils. At altitudes higher than 1670 m these 
hardpans correspond with those of the hardpans of the 
Bangam plateau, which falls within or belongs to the indu-
rated laterites of the zone called the “upper surface” [25]. 
The lateritic hardpans of Bamendjou are located north-
west of the ‘upper surface’ of the lateritic surfaces of the 
Bamileke Plateau.

An observation of the Bamendjou lateritic hardpans 
shows three main facies, namely the massive facies 
resulting from the accumulation of iron in the continuous 
domains, the protopisolitic facies resulting from the mas-
sive facies section [1] and the nodular facies. The nodules 
that correspond to the discontinuous structure of hard-
pans [2].

The massive facies in the background present an argilla-
ceous matrix, with a crystal-like plasma developing around 
the voids. This whitish crystal plasma is the zone of accu-
mulation of gibbsite otherwise called the eluviation zone, 
which induces the relative accumulation of alumina [26].

A negative and perfect correlation has been observed 
between the silica content and gibbsite (r = − 1), this 
means that as the silica decreases the gibbsite increases. 
The leaching of silica from the minerals (plagioclase, oli-
vine) in the bedrock promotes Al and Fe enrichment.

The protopisolitic facies present clay-rich plasma dis-
sected by a crystal-rich plasma with development of crys-
tals of gibbsite filling the voids. This gibbsite which domi-
nates the internal matrix is justified by high percentages of 
 Al2O3 (46–51)% (43–54)%. The formation of gibbsite could 
be triggered by desilicification of kaolinite [19, 26, 37, 43], 
with the formation commencing from the center of the 
fissures [5].

As for the nodular facies, one notes the presence of 
argillaceous and ferruginous matrix, which can be justi-
fied by significant proportions of goethite and of  Fe2O3 
determined during the mineralogical and chemical analy-
sis. The ferruginous nodules are surrounded with gibbsite, 
which developed in the inter-nodular joints. This is due to 
the fact that the joints between the nodules constitute a 
filter medium favoring the desilicification phenomenon of 
kaolinite. A positive mean and significant correlation was 
recorded between the goethite and iron content (r = 0.55); 
this means that when the goethite content increases 0.55 
units in a mineral, the content of iron also increases by 
0.55 units.

The loss on ignition (LOI) is very high in the alumina rich 
crust (25–30 wt.%) than in the iron oxide rich crust (7–16). 
The relation between the quantities of combined water 
and the alumina contents is expressed by a strong posi-
tive correlation of 0.96. The combined water determined 
by the loss on ignition is higher in the aluminous laterites 
than ferruginous [25]. The aluminous laterites are highly 
hydrated (20%) [24].

The presence of kaolinite as the only clay mineral with 
a low proportion associated with the almost total absence 
of oxides such as MgO;  Na2O;  K2O, MnO and CaO show the 
process of allitization and monosialitization where alka-
lis and alkaline earths can be partially released (mono-
sialitization) or totally (allitization) because of their high 
mobility. A strong and positive correlation was observed 
between silica and kaolinite (r = 0.89) which means that 
as silica increases, kaolinite also increases. This strong 
correlation could be explained by the fact that most of 
the silica in the material is involved in the formation of 
kaolinite [10]. The total leaching of the bases and almost 
total leaching of the silica is favored by a strong precipita-
tion (annual average is of 1618.18 mm of rainfall) and a 
morphology dominated by slopes. There is thus a desilici-
fication associated with dealkalization [4, 32, 45]. In short, 
the rule of Goldschmidt [16] suggests that the mobility of 
an ion depends directly on its ionic potential. Note G = z/r 
(z = ionic charge, r = atomic radius). The elements Na, K, Ca, 
Mn (weakly represented) and Mg (absent) are very mobile 
because of their low ionic potentials. As for Al, Fe Si, Ti, 
their high concentrations is as a result of by their strong 
ionic potentials which make them mobile under certain 
conditions such as the pH of the medium, the presence of 
the complexing agents etc.

The low kaolinite and de high goethite and hematite 
content increase the hardness of these duricrust. Because 
the hardness of goethite (FeO(OH)) is 4.5–5, hematite 
 (Fe2O3) is 5.5–6.5, gibbsite Al(OH)3 is 3.0 and kaolinite 
 (Al4[Si4O10](OH)8) is 2–2.5 [18, 36]. The hardness of stone-
work increase with the iron content [22].

5  Conclusion

Bamendjou is located in a humid tropical climatic zone 
which favored the formation of lateritic hardpans via the 
transformation of basalt. The weathered mantle-presented 
on the mountain slopes is such that from the top to the 
bottom of profile, you find a disturbed horizon, a hori-
zon made up of blocks of hardpans and an argillaceous 
horizon made up of basalt blocks undergoing weather-
ing. The hardpan is characterized by three principal facies 
namely the protopisoliths, massive, and nodular. The pro-
topisoliths and massive facies are located at the top of the 
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interfluve, as well as on the upper slope from which as a 
result of their topographical position contributes to the 
relative abundance of gibbsite. Otherwise, the nodular 
facies are located on the lower slope characterized by the 
presence of the ferruginous nodules surrounded by gibb-
site, which developed in the inter-nodular joints due to the 
phenomenon of desilification of kaolinite. Alumina is the 
most abundant oxide in the protopisolith and the massive 
facies, with (46.78–51.63)% and (42.85–43.45)% of  Al2O3 
respectively in the protopisolith and the massive facies. It is 
followed by relatively high content of iron ((12.93–18.33)% 
and (23.43–23.78)% of  Fe2O3 respectively) and very low 
content of silica ((1.44–2.75)% and (2.44–3.99)% of  SiO2 
respectively) and titanium ((3.70–4.70)% and (4.00–5.30)% 
of  TiO2 respectively). Iron is the most abundant chemical 
element in the nodular facies, with (49.64–58.58)% of 
 Fe2O3. Hence, from the high ferruginous minerals and iron 
oxide, we can infer that the lateritic hardpans of Bamend-
jou can be valorized for stonework in buildings.
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