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ABSTRACT

The Fongo-Tongo’s bauxites were investigated to characterise them. Their texture varies from
massive, vesicular, alveolar, conglomeratic to nodular with dominantly red colour, reddish-
brown and yellow. The main minerals identified by X-ray diffraction are gibbsite and
goethite with subordinate quartz, anatase, hematite, magnetite, and traces of kaolinite. The
abundance of gibbsite and goethite suggested intense weathering during the formation of
the bauxite deposits. Chemical data of the bauxite showed high Al,O3 (37.4-57.5 wt-%) with
varied Fe,03 (3.97-29.5 wt-%), TiO, (0.57-7.5 wt-%) and SiO, (0.48-3.21 wt-%) contents,
while other oxides are generally less than 0.6 wt-% indicating high bauxite quality with low
impurities. The wide range of trace and REE concentrations of Zr, Nb, Sr, V, Ce, La, Nd and
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the presence of both positive and negative Eu anomalies suggested and acid igneous
source with mafic input. These bauxites could serve as raw material for the aluminium industry.

Introduction

Bauxite, a whitish to reddish-brown lateritic regolith,
characterised by high content of alumina (Al,Os;)
and iron oxides (Fe,O3) constitutes the principal ore
for the production of aluminium. Bardossy (1982)
defines bauxite as a rock in which aluminous minerals
constitute more than half the weight. A combination
of oxides and hydroxides of iron, titanium and alu-
minium was regarded as bauxite by Tardy (1993).
Bauxite, the primary source of aluminium, represents
a typical accumulation of weathered materials from
the continental crust (Valeton 1972). Bauxite is used
to determine paleoclimates (Bardossy and Aleva
1990; Price et al. 1997; Bardossy and Combes 1999)
because it records various climatic, biological, pedoge-
netic and paleoenvironmental conditions (Valeton
1999). High temperatures, humidity and precipitation
are widely regarded as the main conditions for its for-
mation (Akayemov et al. 1975; Tardy et al. 1991).
There are two main genetic groups of bauxite
deposits in the world namely karstic bauxites over-
lying carbonate rocks and lateritic bauxites generated
from alumosilicate rocks (Bardossy 1982). While
karst-type deposits originate from a wide range of
materials, depending on the source area (Bardossy
1982), lateritic bauxite is generally through in-situ

lateritisation, hence, the major factors that determine
the extent and grades of bauxite are the parent rock
composition, climate, topography, drainage, ground-
water chemistry and movement, location of the
water table, microbial activity and the duration of
weathering processes (Bardossy and Aleva 1990;
Price et al. 1997). The lateritic bauxites features are
usually directly related to the underlying source
rocks associated textures and compositions (Bardossy
and Aleva 1990). The Cameroon Volcanic Line offers
the distinction of being one of the few magmatic enti-
ties which developed in oceanic and continental areas.
Sato et al. (1990) showed that the mainland can be
further subdivided into monogenic (plains of Tombel,
Kumba, Noun and Mount Oku) and polygenic land
(Mounts Cameroon, Manengouba, Bambouto and
the Bamenda highlands).

Worldwide, nearly 85% of reserves are of the lateri-
tic type and occupy large areas, mainly in the intertro-
pical zone (Ségalen 1964).

Bauxite is one of the primary raw materials used
by heavy industries. The increasingly growing
demand for high-grade bauxite for the development
and production of quality refractory materials used
in the construction of furnaces and reactors or the
construction of incinerators for the treatment of
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Figure 1. Location of Fongo-Tongo area (a) on the administrative map of Menoua (b) on the SSW flank of Mount Bambouto.

solid waste has necessitated the exploration for
newer deposits to meet this growing demand.
Lateritic bauxite is the main type of bauxite present
in Cameroon (Belinga 1972; Momo Nouazi et al.
2012 Nguimatsia et al. 2019). Important deposits
are found in the Adamawa plateau (Minim-Martap,
Ngaoundal) and Western highland (Fongo-Tongo,
Bangam) (Belinga 1972; Nyobe 1987). Occurrences
of bauxite have also been reported in Fokamezou-
Doumbouo-Fokoue in SSE of Dschang and locality
of Bangam (Laplaine 1969; Momo Nouazi et al.
2012). Characterisations carried out on these

different deposits are presented in Appendix 1.
Although the Fongo-Tongo bauxite constitutes the
largest western Highlands’ deposit, it appears to
be less investigated compared to other bauxite
deposits. Hence, detailed knowledge of the geologi-
cal and geomorphological settings, mineralogy as
well as the geochemistry of the Fongo-Tongo lateri-
tic bauxite occurrences seems imposed. The present
work’s major objective therefore lies in investigating
the Fongo-Tongo bauxite; associated mineralogical
and geochemical facies, to identify the ores’ precur-
sor by means of the major and trace elements’
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Figure 2. The location of Fongo-Tongo area within the Cameroon Volcanic Line (CVL) (modified after Njonfang et al. 2011).

distribution, along with the deposits relating com-
prehensive geological, mineralogical and geochem-
ical characterisation.

Geological setting

Geographically, the study area is located on the SSW
flank of Mont Bamboutos, between longitudes E09 °
57" to E10 ° 01’ and latitude NO5 ° 30’ to N5 ° 35
(Figure 1).

The Bamboutos massif to which the study area
belongs is a huge volcanic shield of roughly elliptical
shape belonging to the Cameroon volcanic line, CVL
(Figure 2).

The CVL is an N030°E alignment of oceanic and
continental volcanic mountains, and anorogenic

plutonic complexes, extending from Pagalt Island to
Lake Chad (Déruelle et al. 1991). Magmatic activity
along this line began 65 Ma ago (Njonfang et al.
2011). It is embodied in the oceanic part by four
islands in the Gulf of Guinea (Pagalti, Sao Tome, Prin-
cipe and Bioko) and on the mainland by the volcanic
massifs (Mounts Cameroon, Rumpi, Manengouba,
Bambouto and Oku).

Local geology

The Fongo-Tongo area is within the Bambouto massif
which is a polygenic complex composite volcano
(Morin 1988). Four main rock groups, namely felsic,
mafic, pyroclastic rocks and basement granitic-gneiss
were reported by many workers (including Tchoua
1974; Youmen 1994 and Nni and Nyobe 2011).
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Figure 3. Geologic map of the study area (after Nguimatsia 2013).

The felsic rock consists of trachyte (Nni and Nyobe
2011), which is widespread in the northern part and
covering more than 75% of this area (Figure 3). Out-
crops of trachyte occur as grey to dark-grey volcanic
rock mass. The mafic rocks are alkali basalts and basa-
nites (Nni and Nyobe 2011). They occur as porphyritic
dark-grey to black, massive volcanic rocks in the
southern part of the massif and as islets species
embedded in trachytic napes covering about 10% of

the study area. The pyroclastic rocks also outcrop in
the southern part of the study area, around Fongo-
Tongo palace. They occupy about 5% of the study
area. They are intensely altered rocks of dominantly
trachytic compositions (Figure 3). Crystalline base-
ment outcrop east of the study area where they form
a North-South band of about 1.5 km long (Figure 3).
They constitute about 15% of the study area and consist
of intrusive granites and gneisses (Dumort 1968).
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Figure 4. Slopes map of study area.
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Figure 5. Geomorphology of the Fongo-Tongo area showing (a) 3D view of the relief and (b) morphologic units map (after Ngui-

matsia 2013).

Geomorphology

The Fongo-Tongo area occurs on the southern flank
of the volcanic massif of Mount Bambouto (Figure
1). It is characterised by a gentle undulating to flat
relief. According to Belinga (1972), these surfaces are
topographic features that have been subjected to ero-
sion and tectonics activities. The five morphological
units identified in the area include flat landscape,
undulated landscape, hilly landscape, steep landscape
and craggy landscape (Figure 4).

a. The flat landscape (Figure 4) consists of slopes of
less than 2° and covers approximately 8% of the
study area. These are outliers of landscape next
to the undulating or hilly landscape above

1600 m altitude. They occur to the southeast of
the study area.

. The undulated landscape (Figure 4) occurs as

slopes of between 2° and 5°. It occupies approxi-
mately 28% of the study area. These are outliers
of landscapes next to hilly and steep landscapes.
It is adjacent to the flat landscape and extends
to the southeast of the study area.

. The hilly landscape (Figure 4) consists of slopes of

between 5° and 10°. It occupies about 23% of the
area and is intimately linked to the hanged land-
scape, which forms the watershed line.

. The steep landscapes are made up of slopes ranging

from 10° to 15°. They occupy about 15% of the area
and consist of small shreds of landscapes generally
spread over the entire area.
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Figure 6. Bauxite sample location map at Fongo-Tonga area.

e. The craggy landscapes are made up of slopes ran-
ging from 15° to 89°. They occupy about 15% of
the study area, on the Agap - Mont Fongo-
Tongo line and the open fan-shape area towards
the northwest.

The relief of Fongo-Tongo area can be classified
into three based on the altitudes. The low area

(1320-1440 m), average area (1500-1620 m) and
zone of high altitude (more than 1700 m) (Figure 5).

Methodology

Geological mapping and systematic sampling of
bauxite was carried out in the Fongo-Tongo area
(Figure 6). The representative samples selected were
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Figure 7. Morphology of the Leuke-zack’s bauxite locality (8a =PT1; 8b = PTyp,ssir. 8¢ =PTy).

Figure 8. Bauxites facies observed in the Leuke-zack locality. (a)
Nodular to vesicular indurated bauxite. This dense material pre-
sents sub-angular to sub-rounded rims with white spots in cer-
tain places. The nodules have sizes less 1 cm fragments. (b)
Bauxite with massive facies. Very hard and dense. It has smooth
rounded to sub-angular rims and it is devoid of voids. (c) Red-
dish-yellow dense and sub-spherical nodular material. The grey
and yellow nodules are embedded in a matrix of red to yellow-
ish-brown. The bauxite is highly indurated, with few voids.

pulverised and subjected to mineralogical and geo-
chemical analyses. Major oxides, trace and rare-earth
elements (REE) composition were determined at the
ALS Chemex laboratories, South Africa. The bauxite
major oxides composition was determined by weigh-
ing 0.2 g of the powdered bauxite sample into which
a solution of 0.9g lithium metaborate (LiBO,)
and lithium tetraborate (Li,B,O,) was added, hom-
ogenised and melted in an oven at 1000°C. The pro-
duct obtained was cooled and dissolved respectively
in 100 ml of 4% and 2% nitric and hydrochloric
acid. This solution was then analysed using the induc-
tively coupled plasma-atomic emission spectroscopy
(ICP-AES).

Trace elements composition was determined using
0.2 g of the powdered bauxite sample into which a sol-
ution of lithium borate (0.9 g) was added, homogen-
ised and melted in an oven at 1000°C. The product
obtained was cooled and dissolved in a solution of
100 ml of 4% HNO and 2% HCIL. This solution is
then analysed using the inductively coupled plasma-
mass spectrometer (ICP-MS).

X-ray diffraction (XRD) analyses were carried out on
the pulverised and mounted bauxite samples using the
SCINTAG XDS 2000 diffractometer of the Department
of Geology, University of Liege, Belgium. The instru-
mental settings are 40 kV, 35 mA and CuKa radiation.
The mineralogical identification from the diffraction
patterns was carried out using Brindley and Brown
(1980) and Moore and Reynolds Jr (1989).

Results and discussions
Description of bauxite facies

The Fongo-Tongo bauxite occurs in different
locations and forms. They include eroded gravel size
bauxites at the hill bottom, jointed large discontinuous
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bauxites on hill summits, loose and discontinuous
large bauxites on hill tops and slopes. These bauxites
affect the morphology of some localities where very
large bauxites blocks occur on the summit while the
flanks of hills and the lower plains are characterised
by basalt blocks.

Bauxite facies in the Leuke-zack locality
Leuke-zack is located at coordinates E09°58°36” and
N05°31’52” at an altitude of 1666 m. In this locality,
the colour of bauxite varies from light yellow to grey
through red and brown. The topography of Leuke-
zack area is characterised by undulating, gentle and
hilly landscapes. The hills are separated by lowlands
(Figure 7). The bauxites facies vary from nodular-ves-
icular (Figure 8(a)) to massive (Figure 8(b)) and nod-
ular (Figure 8(c)).

Nzie-Fonda bauxites

The Nzie-Fonda plateau is located at an altitude of
1582 m. Its coordinates are 09°58'49”E and 05°
30’53”N. On this plateau, large fragments of bauxite
abound on the surface. These bauxites fragments are

Figure 9. Nzie-Fonda bauxite Facies. Bauxitic material with
massive vermiculate facies. It has void spaces.

Blocks of
Trachytes

Dome of
Trachytes

Blocks of Bauxites

\
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Figure 11. Meza bauxite Facies. (a) Nodular to vesicular facies:
The bauxite has nodules of less than 1 cm. These nodules with
yellow surfaces and sub-angular contours have red patches
indicating oxidation of iron. (b) Alveolar bauxite facies: Red-
dish-brown bauxite with void spaces. They are highly indu-
rated with red patches and small vesicles. (c) Massive
bauxite: Massive and dense bauxite, with a matt surface.
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Figure 10. Sectional view of the Meza relief and bauxite sampling points.



yellowish-red in colour and have a massive vermicular
structure (Figure 9).

Meza locality bauxites

Meza is located at an altitude of 1646 m, within coor-
dinates E9°59°20”and N5°31’47”. The bauxite
observed here, are outcropping in discontinuous
blocks and slabs (Figure 10). They are nodular to ves-
icular (Figure 11(a)), alveolar (Figure 11(b)) and mas-
sive (Figure 11(c)).

Lepooh locality bauxites

The Lepooh Summit is located at 1610 m altitude, with
coordinates E09°59°21” and N05°31°33”. The bauxites
outcropping here are in blocks of variable sizes
(Figure 12). Hand specimen of massive bauxite with
pseudo-conglomeritic features occur in this locality.
They are reddish-brown in colour.

Kreu locality bauxite

The Kreu locality is located at an altitude of 1652 m
altitude, with coordinates: E09°57°32” and NO5°
31’15”. The bauxites in this locality are bright red in
colour, highly indurated and massive (Figure 13).

Descriptions of the lateritic bauxite profiles at
Fongo-Tongo area
The Fongo-Tongo lateritic bauxite profiles (Figure 14)
are similar in their characteristics from one location to
another. The bauxite profile in Leuke-Zack locality,
from top to bottom is described in this session
(Figure 14).

The Horizon Bl ranged from 0 to 100 cm and
consists of fine material and indurate elements.

APPLIED EARTH SCIENCE (&) 9

The fine earth is dark red, clay-loam material
(2.5YR3/6), consisting of very fine to medium
blocky to lumpy structures. It is very porous and
friable. The hardened elements within the horizon
consist of gravel and blocks that are red in colour
(10R4/6) and massive to scoriaceous. They consti-
tute about 10% of the total volume of the horizon.

Horizon B2 ranged from 100 to 620 cm and consist
of very hard, dense, reddish massive block (10R4/6)
with red and yellowish streaks (5YR4/8).

Horizon B3 at 620-820 cm is made up of dark clay
material and gravel. The dark clay material (2.5YR7/8)
is characterised by a fine to medium blocky structure.
The gravel level is less than a centimetre in
thickness and dark red in colour (10R4/6) with sub-
angular fragments. They constitute about 10% of the
total volume of material on the horizon. They are all
similar to those of the overlying B1 horizon.

Horizon C at 620-1000 cm consist of whitish grey
prismatic material (2.5Y6/2), with yellowish streak
(10YRS5 /).

In summary, the profile showed a massive duricrust
horizon (B2) sandwiched by two gravelly horizons B1
and B3. The upper gravelly horizon consists of frag-
ments. These fragments are also present in the lower
gravelly horizon.

Mineralogy of the Fongo-Tongo bauxites

Fongo-Tongo bauxites exhibit variations in petrogra-
phy and mineralogy. They are nodular to conglomera-
tic, vesicular, alveolar and vermicular. In some places
around the summits due to the circulation of percolat-
ing waters in the pore spaces of the duricrusts
materials, changes in facies can be observed and are

Figure 12. Bauxite blocks in LePooh locality.
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Figure 13. Kreu massive bauxite facies. Smooth massive baux-
ite devoid of cavities.

suggestive of evolution from conglomeritic to a nodu-
lar facies. Whereas, on the flanks or hills, the observed
vesicular, alveolar and vermicules facies of these
materials can be attributed to the dismantling and
more pronounced alteration of the initial massive dur-
icrusts (Boulangé 1984). It has been shown by Hiéro-
nymus (1973) that cortex around nodules could be
formed by speleothems or centripetal alteration. The

Oem —
B1  Fine material and indurate elements
200—
= Battleship with very hard, dense,
reddish massive breastplate block
400
600~
B3 Clay material and gravel
7
= czzJc  Prismatic structure reminiscent of
%51  blocks of rock
1000—

Figure 14. Fongo-Tongo lateritic bauxite profiles.

duricrusts have variation in colours. The most promi-
nent colours of the bauxites are red, brick red, reddish
brown, brown, pink, yellow and ochre. However, some
have spots and purple textures with greenish mottling.

Bauxites with red colours have been described by
Grubb and PLC (1973) in Australia and by
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Figure 15. X-ray Diffractograms of Fongo-Tongo bauxite samples (FO4, FT4, KREU1, FT1, FT2, FT3, FT5, KREU2 and PT1’).
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Table 1. Mineralogical composition of the Fongo-Tongo bauxite.

Minerals

Samples Anatase Gibbsite Goethite Magnetite Quartz Hematite Kaolinite
FO4 +++ ++
FT1 ++++ +++
FT2 ++++ +++ +
FT3 ++++ ++++ + +
FT4 + ++++ +++
FT5 ++++ +++
Kreu1 ++++ + +
Kreu2 ++++ +++ +
PTV ++++ +++ +
Legend: ++++ = very abundant, +++ = Abundant, ++ = moderately abundant, + =Trace.
Table 2. Major oxide compositions (%), trace and rare-earth elements (ppm) of Fongo-Tongo bauxites.

FT4 FT2 FT3 FT5 KREU1 Fo4 PT1’ FT4
Sio, 0.01 2.39 1.03 0.48 1.03 3.21 1.21 1.06 2.39
Al,03 0.01 44.0 48.2 37.4 49.4 57.5 49.8 51.6 44.0
Fe,03 0.01 17.50 14.95 29.3 16.75 3.97 19.30 12.85 17.50
MgO 0.01 0.10 0.03 0.21 0.02 0.01 0.01 0.02 0.10
MnO 0.01 0.04 0.04 0.07 0.03 <ld 0.03 0.03 0.04
TiO, 0.01 3.93 2.15 747 223 0.57 1.65 2.01 3.93
K;0 0.01 0.01 0.01 <ld 0.01 0.01 0.01 0.01 0.01
Na,0 0.01 <ld 0.01 0.01 0.01 0.01 0.01 0.01 <ld
Ca0 0.01 0.01 <ld 0.02 <ld <ld <ld 0.01 0.01
P,0s 0.01 0.37 0.15 0.53 0.13 0.05 0.24 0.10 0.37
Cr,03 0.01 0.06 0.02 0.16 0.01 <ld 0.01 0.03 0.06
Lol 0.01 293 30.1 245 29.1 313 293 31.2 293
Total - 97.72 96.7 100.16 98.73 96.66 101.58 98.93 97.72
Traces elements (ppm)
Sc 1 1 13 7 28 7 6 10 9
\' 5 5 425 136 667 102 8 94 17
Ga 0.1 0.1 434 59.7 48.9 95.9 31.0 55.7 76.8
Sr 0.1 0.1 137.0 322 345 16.3 0.7 18.7 16.5
Y 0.5 0.5 20.8 20.4 44.7 321 24.6 125 39.3
Zr 2 2 504 1210 599 2310 923 1035 1825
Nb 0.2 0.2 125.0 215 180.5 350 104.0 162.5 289
Ba 0.5 0.5 80.2 47.2 154.0 28.2 2.6 28.7 255
Hf 0.2 0.2 125 30.3 14.4 57.0 21.2 249 46.2
Ta 0.1 0.1 7.7 13.9 9.0 15.0 6.2 9.4 12.2
Sn 1 1 4 9 5 13 3 5 10
Th 0.05 0.05 16.25 21.7 14.45 42.0 9.78 15.80 358
U 0.05 0.05 4.89 5.25 5.14 8.00 2,35 4.86 7.23
w 1 1 2 3 2 4 2 2 5
Cd 0.5 0.5 5.0 3.1 6.9 34 0.5 4.1 3.1
Co 1 1 5 <ld 10 <ld <ld <ld <ld
Cu 1 1 15 3 16 4 2 4 1
Mo 1 1 6 12 7 22 2 8 12
Ni 1 1 8 <ld 16 <ld 3 <ld <ld
Pb 2 2 16 16 23 10 <ld 5 8
Zn 2 2 36 55 72 29 8 77 30
Cr 10 10 520 110 980 80 10 70 150
Cs 0.01 0.01 0.03 0.01 <ld <ld <ld 0.01 <ld
Rb 0.2 0.2 0.5 0.4 <ld <ld 0.2 <l.d 0.3
Tl 0.5 0.5 <ld <ld <ld <ld <ld <ld <ld
Ag 0.5 0.5 <ld 05 <ld 0.8 <ld <ld 0.7
As 5 5 18 1 13 10 <ld 8 15
Rare-earth elements (ppm)
La 0.5 723 440 144.00 233 24 24.7 22.7 723
Ce 0.5 129.0 162.5 239 137.0 249 99.2 136.5 129.0
Pr 0.03 14.10 7.51 337 4.16 0.77 475 4.00 14.10
Nd 0.1 48.7 24.8 126.5 134 3.1 16.1 13.2 48.7
Sm 0.03 8.41 4.61 24.5 3.52 1.45 3.02 3.57 8.41
Eu 0.03 2.92 133 9.12 0.90 0.39 0.74 1.06 292
Gd 0.05 7.46 4.44 229 4.17 1.99 2.89 4.67 7.46
Tb 0.01 1.00 0.74 2.89 0.87 0.55 0.45 1.04 1.00
Dy 0.05 531 4.48 13.65 6.00 4.75 2.82 7.23 5.31
Ho 0.01 0.97 0.92 213 1.41 1.12 0.61 1.63 0.97
Er 0.03 236 272 4.06 4.21 3.54 1.50 5.00 236
Tm 0.01 0.32 0.47 0.44 0.75 0.64 0.26 0.90 0.32
Yb 0.03 2.07 3.25 2.10 5.51 4.85 1.96 6.22 2.07
Lu 0.01 0.26 0.46 0.25 0.76 0.71 0.23 0.87 0.26
>REE 295.18 262.23 625.24 205.96 51.16 159.23 208.59 295.18
>LREE 27543 244.78 576.82 182.28 33.01 148.51 181.03 27543
>HREE 19.75 17.48 48.42 23.68 18.15 10.72 27.56 19.75

(Continued)
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Table 2. Continued.

FT4 FT2 FT3 FT5 KREU1 Fo4 PT1" FT4
LREE/HREE 13.95 14.00 11.91 7.70 1.82 13.85 6.57 13.95
Ce/Ce* 0.98 217 0.83 3.37 4.44 222 3.47 0.98
Eu/Eu* 0.18 0.19 0.11 0.16 0.22 0.20 0.16 0.18
(La/Yb)N 23.73 9.20 46.58 2.87 0.34 8.56 248 23.73

L.d = DetectionLimite.
LOI = Loss on ignition.

Ce/Ce* = (cesamplelcechondrite)l[(Lasamplell-achondrite)1/:sfrsamplelprchondrilefIz]_;/2
Eu/Eu* = (Eusample/Eu:hondrite)/[(Smsamplelsmthondrite) (Gdsample/Gdchondrite) ]-

(La/Yb)N = (Lasample/Lachondrite)/(Ybsample/Yb:hondrite)-

Hiéronymus (1973) and Nyobe (1987) in Cameroon.
Their red colouration is due to the presence of iron
in the form of hematite (Ségalen 1964; Schwertmann
and Murad 1983). The yellow matrix inside most of
these materials from Fongo-Tongo could result from
deferruginisation of bauxite originally reddish in col-
our. This type of insitu alteration of laterite has been
described by Yongue Fouateu (1986) in the ferrugi-
nous duricrusts of Yaoundé.

The mineralogical composition determined from
XRD showed dominant gibbsite and goethite peaks
(Figure 15), with traces of quartz, anatase, maghemite,
hematite and kaolinite (Table 1). Prominent gibbsite
peaks occur at 4.85, 4.38, 4.32, 3.36, 3,32 and 3.19 A.
Goethite peaks are recorded at 4.18, 2.70, 2.53, 2.46,
2.45and 2.25 A.

Geochemistry of the Fongo-Tongo bauxite

The chemical composition of the Fongo-Tongo baux-
ite is presented in Table 2. The data showed high
Al,O3 (37.4-57.5 wt-%) and loss on ignition (LOI)
(24.5-31.3 wt-%). The Fe,O; varied from 3.97 to
29.5 wt-%, TiO, 0.57-7.5 wt-% and SiO, 0.48-3.21
wt-%. Other oxides are generally less than 0.6 wt-%
indicating high bauxite quality with very low impuri-
ties. The trace and rare-earth element concentrations
varied widely from those characteristic of acid igneous
rocks to those of mafic rocks as exemplified by Zr
(504-2310), Nb (104-350), Sr (0.7-345), V (8-667),
Ce (24.9-239), La (2.4-144), Nd (3.1-126) ppm. The
presence of both positive and negative Eu anomalies
(Figure 16(c)) suggested and acid igneous source
with mafic input. The presence of anatase and prob-
ably leucoxene, an alteration product of ilmenite indi-
cated intense chemical weathering. Immobile
elements (Al, Ti, Zr and Nb) enrichment during the
bauxitisation process revealed the important role of
this intense chemical weathering on the formation of
the bauxites and the concentration of these elements
within the lateritic profiles in the Fongo Tongo area.

The Fongo-Tongo bauxite displays significant con-
centration of zirconium (504-2310 ppm), likely
associated with the presence of zircon in the parent
rock. That is apart from significant concentration of
trace elements, notably Sr, Ba and LREE; La, Ce, Pr
and Nd relative to HREE. As noted earlier, the

geochemical data suggest that Zr, Y, Nb, Mo, V, Sc,
Sr, and Ba could be enriched during the bauxitisation
process. The LREE enrichment could be related to the
differences in the mineral stability. The La, Ce and Pr
accumulation could also be related to the prevalent
physico-chemical conditions (Meen, 1990; Braun
et al. 1998).
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Figure 16. (a,b) The major and trace elements related vari-

ation, concerning the Fongo-Tongo lateritic bauxite. (c) Chon-

drites normalised rare-earth composition of the Fongo-Tongo
lateritic bauxites (after McDonough and Sun 1995).
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The data of the bauxite on the ternary diagram of
Schellmann (1986) showed that the investigated
Fongo-Tongo bauxitic materials are derived from an
environment characterised by strong lateritisation
(Figure 17). Their position in the ternary diagram
after Mutakyahwa et al. (2003) (Figure 18) showed
that they are bauxites class.

The bauxites could be used for diverse industrial
applications as depicted in the industrial specifications
on Table 3 (after Rusel 1999).

Al:0s

Al,O5 ternary diagram after Schellmann (1986).

Geochemical correlations

Figure 19 shows a positive correlation between TiO,
and uranium. Strong positive correlations exist also
between Ta-Nb (Figure 20); ZR-Hf (Figure 21) and
Ba-Sr (Figure 22). These diagrams suggested that
TiO, and other elements (U, Ta, Nb, Hf, Zr, Ba and
Sr) have similar geochemical behaviour and were rela-
tively stable during the process of bauxitisation (Liu
et al. 2010). Aluminium showed a positive correlation
with the heavy rare earths (Er, Yb, and Lu) (Table 4).
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Figure 18. Fongo-Tongo bauxitic samples on the SiO,-Fe,05—

Al,O3 ternary diagram after Mutakyahwa et al. (2003).
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Table 3. Classification of bauxites according to their respective uses.

Bauxite used in the Bauxite used in the

Bauxite used in the

Bauxite used in the Bauxite used in

production of aluminium  elaboration of abrasive elaboration of production of chemical cement
and alloys material refractory products/compounds composition
Major Al,03 50-55 80-88 Min: 84,5 55-60 45-55
oxides Si0, 0-15 Max: 5 Max: 7,5 Max: 5-18 Max: 6
% Fe,0; 5-30 2-5 Max: 2,5 Max: 2 20-30
TiO, 0-6 2-4 Max: 4 0-6 3
Corresponding FT5, FO4, PT1 KREU1 FT4, FT2
bauxite
8 - 200 -
4
6 | R2=0.0128 150 - R?2=0.9633
o~
.8 4 - L 2 @ 100 -
2 - /o"/’ 50 -
¢
0 ' ' 0 . .
0 5 10 0 200 400
U Sr
Figure 19. TiO, — U Binaire diagram. Figure 22. Ba-Sr Binaire diagram.
In addition, the positive correlations between heavy
REE, zirconium and aluminium indicated that they
20 1 are generally accompanied by minerals containing the
R2=0.8112 Zr and Al (Esmaeily et al. 2010).
15 1 V'S The varied geochemical pattern observed in the ana-
L 2 lysed samples suggested either a difference in the degree
© 10 ~ of maturation or evolution of the alteration facies
é developed on the same parent rock or different parent
5 - rocks (acid to basic rock). The rate and duration of the
weathering process of these materials may have varied
0 , , in space and time with respect to fluctuations in paleo-
0 200 400 climates, which occurred in the region of Fongo-
Tongo. Variations in the major, trace and rare-earth
Nb elements are depicted in Figure 16(a-c), respectively.
Figure 20. Ta—Nb Binaire diagram.
Parent rocks and weathering process in Fongo-
Tongo area
70 - The rock types mapped in Fongo-Tongo area include
60 the granite-gneiss basement, aphyritic basalts,
1 R*=0.9978
50 . : :
Table 4. Correlation coefficients of rare earth, major and
o 40 A traces.
I -
30 - TiO, P,0s Sc Al,05 Nb zr
20 - La 0.988 0.944 0.953
Ce 0.851 0712 0749
10 - Pr 0987 0935 0975
Nd 0984 0928 098
0 . . . sm 0979 09 0982
Eu 0976 089  0.983
0 1000 2000 3000 Tb 0.945 0.793 0.947
Zr Er 0.153 0.121 0042 058 0524
Yb 0.631 0.624 0.799
Lu 0664  0.581 0.771

Figure 21. Hf-Zr Binaire diagram.




ignimbrites and trachytes (Figure 3). The amount of
elements in the source rock and the chemical associ-
ation of specific elements usually govern the chemical
composition of bauxite deposit formed with stable and
unstable minerals during weathering. Other contri-
buting factors include the intensity of drainage during
weathering, precipitation insitu (relative enrichment),
vertical or ground water transport of elements (absol-
ute enrichment). Besides aluminium, several elements,
such as, Fe may be enriched to form important ore
deposits.

The early stages of Fongo-Tongo basalt weathering
have not been studied. However, the observations
made in some exposures, such as, quarries showed
that, from the early stages of weathering, rounded
fragments formed are similar to those of trachyte.
These observations are in agreement with the descrip-
tions made by Belinga (1972) for the alteration of
basalts and dolerites which formed the Adamaoua
bauxites.

According to Laplaine (1969), Fongo-Tongo’s
bauxites are located on the ancient basalts that
topographically rest on the trachytes of the Bam-
boutos massif. According to Hiéronymus (1973),
Fongo-Tongo’s bauxitic formations are the result
of the lateritic alteration of basalts, as well as
trachytes.

Nyobe (1987) noted that the Fongo-Tongo bauxitic
deposit on the western flank of Fongo-Tongo is on the
Fondjoumetah. Those on the north-eastern flank is on
the Melan, and Djeu sites, which indicated that the
bauxite deposits in the Fongo-Tongo sector originated
from the Tertiary lava flows in the area.

Conclusions

The Fongo-Tongo area is characterised by three major
geomorphological units occurring in a step-like manner,
lying at an average altitude of 1500-1650 m. This corre-
sponds to the bauxite deposits zone. The lateritic bauxite
outcrops lie in the form of slabs and discontinuous
blocks. This lateritic bauxite varies in shape from mas-
sive, vesicular, cellular and conglomeratic to nodular.
These indurated materials have various colours that ran-
ged from reddish, brick-red to reddish brown, brownish,
pinkish, yellowish and ochre. Some have spots and pur-
ple frames, while others are mottled and greenish.

The mineralogical assemblage of these indurated
materials showed that they are principally made up
of gibbsite, subordinate goethite, with traces of quartz,
anatase, hematite, maghemite and kaolinite.

Geochemical analysis reveals that these materials
have high content of alumina and iron oxide while
other oxides are low. The bauxites has significant con-
tents of trace and rare-earth elements, notably Zr
(504-2310), Nb (104-350), Sr (0.7-345), V (8-667),
Y (24.9-239), La (2.4-144) and Nd (3.1-126) ppm.

APPLIED EARTH SCIENCE (&) 15

However, the geochemical data from the Kreu lateritic
bauxite located west of Fongo-Tongo, shows that this
bauxite has the highest content in alumina (57.5%),
and low concentration of impurities such as SiO,
(3.21), Fe,O5 (3.97 wt-%) and Zr (923), Nb (104), Sr
(0.7), V (8.0), Ce (24.9) La (2.4) and Nd (3.1) ppm
suggesting that the Fongo-Tongo lateritic bauxites
are suitable as industrial raw material. It is important
to note that further research is required to evaluate in
detail the potential of the bauxite deposit as well as
other relevant feasibility, environmental impact and
most appropriate mining design for the sustainable
exploitation of the deposit.
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Appendices

Appendix 1. General characteristics of the main Bauxite deposits in Cameroon

Altitude Surface Strength Stocks

Region Locality Al, O3 Si0, Fe,05 (m) (Km?) (m) (Mt) Protolith ~ Morphology
Adamaoua Minim-Martap A 48,6 1.8 - 1200- - - 1500 Basalt Tabular
plateau 1300 relief
Ngaoundal A 463 1,8 - - - -
Ngaoundourou A - - - 1200- - - -
1400
Western Fongo Tongo B  40,0- 2,0- 20,0- - - 5-11 45 Basalt/ Tabular
highlands 53,0 3,6 30,0 Trachyte relief
C 39,0 25,2 141 1650 - - 46 -
D 333- 1,0- - - - 9-10 - Trachyte -
60,5 5,0
E 374- 0,48- 3,97- 1300- - - - - Wavy relief
57,5 3,21 29,3 1650
Southern parts of the B 41,0-  43- - 1400- - - 4 Trachyte -
mountains Bambouto 46,0 8,0 2000
Bangam | 20- 1,28- 14- - - - - Basalt Wavy relief

50,80 576 47,6

C 478 0,6 20,1 - - 4-5 - Basalt -
F  384- 2,6— 9,1- 1500- 74 3-5 - Basalt -
60,4 22,4 423 1700
Foumban A 40,0 2,0 - - - 3-5 - - -
F  52,0- 0,5- 8,0- 1100- - 4-9 - Basalt/ -
61,0 1,0 13,0 1200 Trachyte
Doumbouo-Fokoué G 47,5- 1,8- 20,0- 5,7 10-12 9,2 Basalt

49,5 7,6 22,0

Legend:

A: datas obtained by Belinga (1972) F: datas obtained by Sojien (2007)

B: datas obtained by Belinga (1972) G: datas obtained by Bineli Betsi (2002)

C: datas obtained by Hiéronymus (1973) H: datas obtained by Momo Nouazi et al. (2012)
D: datas obtained by Nyobe (1987) I: datas obtained by Kamga (2012)

E: datas obtained by Nguimatsia (2013)  Mt: Million tones
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Appendix 2. Photography of samples submitted to geochemical and mineralogical analyses.
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Appendix 3: Inventory and location of samples taken in the locality of Fongo-Tongo

Samples GPS Locations Altitudes

FT5 5°30°53" Nzie-fonda 1584m
9° 58'46"

PT, 5°31'46" Leuke-zack 1666m
9° 58'33"

PTy 5° 31’46 Leuke-zack 1671m
9° 58’33

FO, 5°31'57" Meza 1658m
9° 59'10”

FO;., 5°31'55"” Meza 1637m
9° 59'09”

FO, 5°31'47" Meza 1646m
9° 59'20”

FO; 5°31'33" Lepooh 1610m
9° 5921

FO, 5°31'29” Lepooh 1634m

9° 59'16"
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