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ABSTRACT

A petrographical and geochemistry study of weathering mantle derived from the basaltic parent rock
(plagioclase, olivine, pyroxene, zircon) has been conducted in the locality of Bangam (West-
Cameroon). The weathered profile shows a vertical lithology succession of weathered parent rock,
isalteritic clayed domain and superficial duricrust (alloterite). The weathering of basalt started by the
formation of “pain d’epices” structure rich in gibbsite, metahalloysite, kaolinite. The geochemistry
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analysis of major elements indicate that SiO, (46% -1.33%), K;O (0.84% - 0.01%), Na,O (3.6% -
0.01%), MnO (0.3% - 0.04%), P,0s (1.9% - 0.38%) and CaO (5% -0.02%) decrease from the bottom
to the surface, however TiO, (2.3% - 4.08%) remain constant, Fe,O3; (24.2% - 24,6%) and Al,O;
(14.5% - 45.2%) increase. The different weathering index such as, chemical index of alteration (55%
- 99%), index of lateritization (41% - 103.5%) and Ruxton Ratio (0.12 - 3.21) just indicate an
evolution of parent rock dominated by an alumina and iron phases under a control of hydrolysis
phenomenon as bisialitisation, monosiallitisation and allitisation with the formation of minerals
smectites group, kaolinite group gibbsite and iron oxides group. The fractionation patterns of rare
earth elements (REE) show a positive and negative anomaly in Cerium and other rare earth
elements, one more, the correlation between major, trace and REE prove a link of different
pedological horizons developed on the basalt in redox condition.

Keywords: Basalt; mineral; geochemistry; evolution; bauxite.

1. INTRODUCTION

The locality of Bangam and its surroundings are
located in zone 32N 636000.651000 and
597500.587000 (Fig. 1). It is subjected to a
pseudo-equatorial climate [1] with four seasons
[2]. The wet savannah is the type of vegetation
encountered in Bangam [3]. On the geological
plan, our study area is an integral part of the
Cameroon volcanic line [4] which crosses the
Western part of the Cameroonian territory. The
formations of the metamorphic basement are
represented by mylonitized gneiss with gray or
dark color with difficulty showing an alternation of
millimetric to centimetric beds composed of
quartz, feldspar, garnet-kyanite-biotite or garnet-
kyanite-biotite. These rocks were deformed
during two tectonic phases [5]. The gneiss with
muscovite (orthogneiss) and biotite are also
observed, the foliations are very weakly
differentiated with ptygmatic folds. The plutonic
formations are mostly represented by leucocratic
granites with a porphyritic granular texture that
belongs to the Batié plutonic complex [6]
outcropping as a dome syn to late kinematic with
a tertiary age [7]. The volcanic rocks found here
are aphyric and porphyric basalts known as
“basalte de plateau” [8] formed during the second
volcanic phase of quaternary [9] with following
minerals observed: plagioclases of bytownite-
labrador type, olivine and pyroxene. In most
cases, these plutonic, volcanic and metamorphic
rocks can be transformed in the meteoritic
condition in tropical environment to form
bauxites. The bauxites duricrust belongs to the
family of lateritic soils that occupy around 33% of
intertropical [10]. They are formed under a dry
contrast tropical climate or wet equatorial climate
[11-15]. In Cameroon, many authors have
studied the petrology of lateritic duricrust in
Adamaoua [16], in the West [17] and in the
equatorial region [18-22]. The study of bauxites

in Bangam and its environs have been subjected
to many scientist research’s [23-25] on the
characterization and cartography of the different
bauxites facies, in addition, many geological
studies have been done in our research zone [7].
In a context where the research on bauxites is
booming in Cameroon, the previous work on the
Bangam Bauxites done by [8,9] and [26] were
incomplete and theirs genesis remain unknown,
however, no work in date has concentrated on
the parent rock evolution, the genesis of bauxites
and the transformation of ore body in the
alteration mantle. Consequently, the purpose of
this work is to identify the exact nature of parent
rock and address or show the petrograpical and
geochemistry evolution of alteration coat
developed during geological times.

2. MATERIALS AND METHODS

The research has been done both on the field
and in the laboratory.

Firstly, the work on the field consisted of digging
trials pits in the form of a toposequence (Fig. 2)
in the study area and then, collecting samples
immediately from the bottom to the surface
following the morphological variations. A
morphopedological description was made
according to the protocol proposed by [27], which
consisted of a detailed study of the soil horizons.
The samples collected in the alteration coat were
sent to the laboratory.

Secondly, in addition to field studies,
petrographic analyze were performed on
indurated rocks at the Nkolbisson Geology

Laboratory of the University of Yaounde I.
Chemical analyses were done on the duricrust
and weathered rock at ALS in South-Africa (Alex
Steward Laboratory) for major, trace and rare
earth elements. Chemical elements identification
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and quantification were performed by the X-ray contents are reported as a percentage of oxides
fluorescence spectrometry method (ME.ICP 06, (%) for major elements and as part per million
ME MS81, OA-GRAO05). Spectrometer mass (ppm) for trace and rare earth elements.
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Fig. 1. Location and geological map of Bangam in the West-Cameroon region
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Fig. 2. Toposequence on the flank of Kong-Yeni plateau (Bangam)



In addition, three soil weathering index were
inferred from the major element data. They are:
the chemical index of alteration (CIA =
[Al,O4/(Al,O3 + CaO +Na,0)]x100 proposed by
[28], the molar ratio SiO,/Al,O3 of [29] and the
index of lateritization [(Al,O3+Fe,03)/(SiO,+
Al,O3+Fe,03)] of [30]. The geochemical balances
to assess the gain and loss of materials were
done according the equation W (%) =100x
[Element (%) horizon/Element (%) rock -1] proposed
by [31]. A statistical study based on the
correlation coefficient of Spearman has been
used to ftreat the different results and the
correlation matrix was calculated by Excel
software. The REE concentrations were
normalized relative to basalt and chondrite [32] to
facilitate the comparison of the REE patterns
between weathering materials. The (La/Yb)N
ratios were calculated to indicate the degree of
light rare earth element(LREE) and heavy rare
element(HREE) fractionation. Europium (Eu) and

Cerium (Ce) anomalies were respectively
estimated by comparing the measured
concentration of Eu with an expected

concentration (Eu*) obtained by interpolation
between the normalized values of Sm and Gd
and by comparing the measured concentration of
Ce with an expected concentration (Ce*)
obtained by interpolation between the normalized
values of La and Pr as proposed by [33], the
results obtained from the above analyses were
carried out to understand the behaviour of
chemical elements along the profile.

3. RESULTS

In the Bangam locality, five alteration profiles
KY1, KY2, KY3, KY4 and SWa3 (Fig. 2) have
been studied according to the toposequence
oriented N-S on the southern flank of the Kong-
yeni plateau. The alteration profile KY1 has been
chosen and illustrated (Fig. 3). It has a depth of
19 m and has three levels of classification and
subdivided by pedological horizon from the top of
the profile to the parent rock. The geographic
coordinates is UTM 32N, 589080 and 640620, at
1680 m of altitude.

3.1 Overview of Weathering Mantle of
KY1

A KY1 weathering mantle has 19 m of depth and
is Organized in AD, BE1, BEZ, BE3, BE4, B|, C1 and
C, horizons.

The 0 cm-10 cm depth consists of the organic
horizon A,. It is very thin, well leached by a
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bioturbation phenomenon. The presence of
vegetal roots and burrow animals are also
noticed in this horizon. The lateritization process
is weakly developed and relatively to the high
concentration of black soil (7.5G.2/1.5), the
transition with the lower eluvial horizon is
undulated.

The 10 cm-300 cm depth consist of the BE1 is
characterized by a weak presence of very fine
grain of materials such as reddish-brown clays
(10R.3/3), the high presence of consolidated
blocs of duricrust with metric and centimetric
sizes. The blocs and boulders are bounded to
each other by a fine clay particle. The nodular,
massive, pisolitic facies are strongly represented
along the profile and their size decreases
considerably from the top to the bottom of this
horizon. The color also varies according to the
facies and the transition is gradual with the lower
horizon by the size of the blocks.

The 300 cm-400 cm depth consist of the Bgs
horizon made up with some scattered nodules of
reddish (5R.4/9.5), color of centimetric size. The
boulder found here has a characteristic of
pisolitic facies and with irregular sharp. The
leaching phenomenon is total, with around 80%
of blocs having pore full of some mottled clays
particles. Mottled clays are sometimes
incorporated between blocs and boulders. The
brown reddish color disappears progressively
and relatively to the brown grey color.

The 400 cm-1000 cm depth comprises different
metric blocs and boulders, separated by a
medium grain of clays. The red color is
dominated (10R.3/3) by other color that can be
observed such as red brown (7.5R.4.5/10). We
can also observe a heterogeneity of facies
scattered with nodules and pisoliths. The
transition with the lower horizon is gradual and
the sizes of boulders and blocs decrease
progressively toward the bottom.

The 1000 cm — 1400 cm depth consist of the Bgy
horizon which is characterized by a general
dismantling of boulders and we observe the
degree of humectation is higher than the upper
zone of this profile. The centimetric blocs with
polyhedric sharps of duricrust and brown-
yellowish clays (10YR.7.5/11) are highly
represented. This domain marks the transition
between the leaching zone and accumulation
zone.

The 1400 cm-1500 cm depth is B, horizon also
called illuviation horizon. It's characterized by



very fine grain materials of clay particles,
whereby the structure of weathered products
haven't been preserved during alteration
process. In some places within this horizon,
weakly consolidated clays, occur which are relics
of the parent rock which are no longer in
existence and there is gradual appearance of
spotted clays. A little stratification of alumina
silicate and ferromagnesian minerals is clearly
observed in this part of the profile. Nodule cannot
be identified in the clays, however, the color
change gradually from greyish clays to whitish
clays.

The 1500 cm - 1650 cm depth is the C; horizon
or upper isaltérite, a relic of parent rock also
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called structure in “pain d’épice” are clearly
identified and indicate the transition between B,
horizon and C horizon; the limit is progressive
toward the bottom with the appearance of
greyish color (7.5GY.4.5/2) and coarse grains
particles.

The depth from 1650 cm — 1850 cm is the C, is
also called lower isalterite. The duricrust is brittle
between fingers, has an irregular sharp and
mainly sandwiched between clays particles. The
color of this horizon is dark-pinkish (5RP.4/12),
the “pain épice” structures observed in other
parts of this horizon can indicate the nature of
parent rock. The transition with the next horizon
(C4) is gradually.
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Fig. 3. Overview of weathering mantle of KY1 profile



At the depth of 1850 cm — 1900 cm, the structure
of parent rock is partially conserved and made up
of a coarse saprolite. The weathering materials
are constituted by compact clays with a greyish
color (7.5GY.4.5/2). The parent rock presents a
weathered cortex that is well developed and a
fresh part grey dark with microlitic texture known
as basalt. The following description shows that,
the alteration coat derived from the basalt rocks
under the geochemical and mineralogical
transformation.

3.2 Petrographical of Sample Collected in
the Weathering Mantle

A petrographical study of the sample collected in
the weathering zone on thin sections indicates
primary minerals such as plagioclases,
pyroxenes, olivine and magnetite. Some
secondary minerals as kaolinite, hematite,
goethite and gibbsite are also observed.

3.2.1 Olivine

Olivine is a ferromagnesian mineral observed in
a thin section with an argilosepic matrix (Fig. 4a),
it has a brownish color with many cracks that
shows a starting zone of weathering.
Pseudomorphosis or iddingsitisation of olivine is
proof by the presence of a little fragmented
minerals and the gradually domination of iron
oxides such as goethite and hematite. The
olivine has around 2 mm of size in a thin section
and is characterized by a very low pleochroism.

3.2.2 Pyroxenes

The pyroxenes (Fig. 4b) are easily observable
with a size of 2.5 mm and their basal section
which  presents the two suborthogonals
cleavages plans (110). The cleavages zones
might contain a whitish and reddish mineral in
natural light. It's mostly associated with clayed
minerals characterized by a vosepic structure,
the replacement process is gradually observed
by the presence of alumina silicate such as
kaolinite.

3.2.3 Plagioclases

In thin sections, the plagioclases are a fresh
mineral in some sections, and weakly weathered
in others (Fig. 4d). It's more ever in association
with zircon inclusions with an elongated form,
millimeters sizes and preferential orientation. The
minerals are also easily identified by their

Sojien et al.; CJAST, 36(3): 1-20, 2019; Article no.CJAST.49572

multiple macles. Their size is significantly
reduced where the phenomenon of
argiliplasmation takes place. We found

plagioclases mostly in association with opaque
oxides, hydroxides and other alumina silicates
and without preferential orientation (insepic).

3.2.4 Hematite / Goethite

Hematite and goethite are represented in thin
sections (Fig. 4c) by a reddish and brownish red
zone. They are characterized by a low
pleochroism and two forms of structural
orientation, massepic in some sections and
insepic in others. They are always found in
association between the fissures of primary
minerals and which sometimes serve as
ferruginous bridges between gibbsite and
kaolinite. Hematite and goethite are mostly
represented in pisolitic and pseudobréccia facies.
Hematite is mostly associated with goethite and
appears commonly between primary minerals.

3.2.5 Magnetite

Magnetite appears in thin sections by an irregular
shape (Fig. 4b), they have a very dark color and
no pleochroism .lt's mostly associated with
others Fe-oxides minerals, Al-oxides and in
inclusion with the remains of primary minerals.

3.2.6 Gibbsite

The gibbsite mineral is always colorless in thin
sections (Fig. 4b) and there isn’t any color of iron
mineral [34] and whitish in some sections [35]. It
presents as cutaneous and appears without
orientation (insepic) and always in association
with plagioclases and others silicate minerals.
Gibbsite is mainly found in the transmineral crack
and takes place gradually to the detriment of iron
oxides.

3.2.7 Kaolinite

This alumina mineral is strongly observed in a
thin section of grey-bluish to whitish color (Fig.
4b). It's mostly associated with gibbsite and other
iron clayed minerals; kaolinite progressively
takes the place of some unidentified primary
minerals. It is observed here as the grey
transition zone of kaolinite which marks the
transition from kaolinite to gibbsite. The genesis
of kaolinite starts more often in the cracks of
primary minerals such as plagioclases and
pyroxenes [36].
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Gi=gibbsite
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Fig. 4. Petrographical observation in thin section

Mobilization and
the Weathering

3.3 Geochemical
Redistribution in
Mantle

3.3.1 Major and trace elements contents

The major and trace element contents are given
in Table 1.

According to the Table 1 and Fig. 5, we observe
that silica contents decrease significantly from
weathered parent rock to the red brown alloterite
of the B horizon (SiO,: 46 to 1.33%). Inversely,
aluminum (Al,O3: 14.35 to 45.2%) and iron
(FexO3: 245 to 38.5%) contents increase
relatively toward the surface. Calcium (CaO: 5.0
to 0.02%), sodium (Na,O: 3.6 to 0.0%),
potassium (K,O: 0.6 to 0.0%), magnesium (MgO:
3.1 to 0.07%) are almost completely leached in
the weathering mantle. However, titanium (TiOx:
2.3 to 4.08%) and manganese (MnO: 0.3 to
0.04%) remain constant from the weathered rock

to the red brown saprolite. Concerning trace
elements, we can observe in Fig. 5 that Cs (0.22-
0.01ppm) and Rb (19.8 - 0.3ppm) decrease from
the bottom to the surface , Ga (26.2 - 51.1ppm),
Nd (34 -74ppm) and Th (3.69 - 11.85ppm) are
slightly constant, however U (0.82 - 4.38pp), Sn
(3 - 4ppm), Sr (474 - 103ppm), V(232 -
337ppm),Ta (2.2 - 9.4ppm) and Ba (337 -
144ppm) have a zig-zag evolution.

3.3.2 Geochemical evolution of KY1 profile
by triangular diagrams and weathering
index

Due to the normalization of the percentage
oxides in millication in which the sum of the three
elements studied as total value corresponds
to the 100 % content, two triangular diagrams
CaO+NaQO-A|203-K20, SiOQ-A|203-F9203 and
molar ratio SiO,/Al,O; have been realized
according the Table 3. The analysis of the first
diagram or diagram of chemical index of



alteration (CIA) allow to trace the intensity of
alteration in particular, the evolution of feldspar
and primary minerals by comparing the departure
of Ca, Na, K with the evolution of Al (Fig. 8a).
The chemical index of alteration related to
weathering intensity, decreases very slightly from
the bottom to the surface (see Table 3). We
observe that Ca, Na, K is mostly leached
(impoverishment) in the profile and the major
samples are migrated toward the alumina pole
(enrichment).In addition, chemical evolution can
be also characterized by lateritization process. In
this case, the diagram (Fig. 8b) shows that, the
parent rock of Bangam profile is not a fresh rock,
however, dominated by the kaolinisation at the
bottom and the strong lateritization on the
surface of profile. The IOL values (see Table 3)
that is controlled by iron indicate a both evolution
of an alumina phase and iron phase during the
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lateritization process. The molar ratio SiO,/Al,O4
or Ruxton Ratio clearly shows the normal
evolution of weathering mantle (Table 4). At the
bottom of profile or lower isalterite we observe
the values between 3.21-3.16, 1.25-1.07 in the
lower allotérite and 0.99-0.15 in the upper
allotérite.

3.3.3 Major and trace elements balance

The balance calculation of chemical elements of
the Bangam alteration profile shows a group of
accumulated elements such as Al (21,5%),Ti
(2,17%), U (434ppm), Ta (327ppm),Th
(260ppm), Zr (174ppm), Ga (120ppm) and Nb
(178ppm). The group of exported elements such
as Si (-97.1%), K (-100%), Na (-88%), Mn
(-90%), Ba (-62ppm), Cs (-100ppm) and Rb
(-100ppm). These elements are strongly leached

Table 1. Geochemistry of major and trace elements

Horizon PR C1 C2 Bl BI BE BE BE BE BE
Sample P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
Color G Gy Gy Wp Rb R Br Br Br Wy
Depth(m) 19 18.5 17 15 1.5 8 6 2 1 0.3
lithology B WB WB Fs Sc Nd Pd Md Md Md
Oxides (%) DL

SiO, 0.01 46 425 449 293 212 282 299 6.3 4.5 1.3
AlLO; 0.01 143 172 142 235 407 357 302 352 302 452
Fe,0, 0.01 245 256 213 254 109 385 18.1 326 385 246
CaO 0.01 5 2 8.2 0.0 00 0.0 0 0 0 0
MgO 0.01 341 21 4.2 0.1 0.1 0 0.1 0.1 0 0
Na,O 0.01 0.9 3.6 2.8 0 0 0 0 0. 0 0.
K>O 0.01 0.6 0.8 0.4 0 0 0 0 0 0. 0.
TiO, 0.01 23 7.3 5 71 5.5 4.5 5 5 4 4
MnO 0.01 0.3 0 0.2 0.1 0 0 0 0 0 0
LOI 4.1 4.2 3,2 13.9 17 172 145 20.2 199 255
Total 103.6 104.2 103.2 999 99.7 995 993 100.1 98 101.2
Trace elements (ppm)

Ba 0.5 337 297 287 145 402 126 335 125 121 144.5
Cs 0.01 0.2 026 0.12 0.01 0.0 0.0 0.03 0.0 0.0 0.0
Ga 0.1 262 254 365 42 592 555 415 579 486 511
Nb 02 342 252 623 417 599 356 433 954 49 74.5
Rb 0.2 198 178 213 06 0,6 032 0.6 0.5 0.3 0.3
Sn 1 3 3.5 7 3 4 2 3 6 5 4
Sr 0.1 474 464 424 6 418 145 273 91.8 797 103
Th 0.05 3.6 4 8.2 42 79 5 6.3 133 75 118
u 0.05 0.8 0.9 0.8 22 27 4.2 1.9 3.1 3.8 4.3
Zr 2 251 623 297 340 490 332 345 689 391 543
\% 5 232 145 330 580 603 652 482 638 603 337
Ta 1 2.2 3.9 3.2 25 34 2 2.6 5.2 2.5 9.4

G=grey, Gw=whitish grey, Gy=Yellowish grey; Wy=Yellowish-white; Wp=Whitish-pink; Rb=red brown, R=redish;
Br=brown red; Md=massive duricrust; Pd=Pisolitic duricrust, Nd=nodular duricrust; B=basalt; Wb=weathered
basalt; Cs=coarse saprolite; Fs=Fine saprolite; Sc=Spoted clays; DL=detection limit. LOI= loss of ignition. PR=
parent rock



of the weathered parent rock. The group of zig-
zag elements is represented by Fe, Ca, Cr and
Sn, which show an enrichment in the isalterite
and sometimes are evacuated in the duricrust or
upper allotérite. Ba (402 to 14.5ppm) Rb (19.8 to
0.3 ppm), Sr (474 to 103ppm) and Cs (0.22 to
0.00ppm) are the traces elements in this
weathering mantle that decrease, inversely, V
(232 to 638ppm), Zr (251 to 689 ppm), followed
by Th (3.69 to 11.85 ppm), U (0.82 to 4.38 ppm),
Ga (26.2 to 51 ppm) and Sn (3 to 4 ppm) are
increasing along the profile.. In sum, these
elements can be classified according to their
increasing mobility as follow: K > Na >Si> Mn>
Ca> Ba> Cs > W> Cr> Mg> P> Fe> Rb> Sn>
Sr> Al> Ti> Ta>Th> Zr> U.

3.3.4 Geochemical
profile

correlation of Bangam

During the bauxitisation process, the chemical
elements are redistributed along the profile and
are linked by some affinities which permit to
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correlate them. In this case of the alteration of
Bangam profile, we can distinguish positive and
negative correlations. Firstly SiO, is highly
correlated with Sr (0.7), Rb (0.79) and Cs (0.9),
CaO with Rb (0.97) and Sr (0.71), Al,O3 with Cr
(0.725) and Ga (0.891), Na,O with Cs (0.77), Rb
(0.81) Sr (0.8), K;O with Cs (0.96) and Rb (0.91),
La with Pr and La with Ce respectively of 0.95
and 0.93, we can also observed a weak
correlation between Al,O; and SiO, (0.58),
samples are scattered around the graph on
contrary of these REE as La/Pr (0.95), La/Ce
(0.93) and trace elements Sr/Ba (0.85) where
samples are nearly concentrated around the
graph (Fig. 6).

Secondly, MnO is negatively correlated with U
(-0.9) and V (-0.8), MgO with U (-0.81) and V
(-0.77), Na,O with Cr (-0.7), Ga (- 0.84), U (-0.8)
and V (-0.8), CaO and U (-0.74), K;O with U
(-0.79) and V (-0.94), Al,O; with Rb (-0.84)
and SiO; (-0.58) , SiO, with Cr (-0.8) and U
(-0.86).

Table 2. Rare earth element and fractionation

Horizon PR C1 C2 Bl Bl BE BE BE BE BE
Sample P1 P2 P3 P5 P7 P8 P9 P11 P12 P13
Color G Gy Gy Wp Rb R Br Br Br Wy
Depth(m) 19 18.5 17 15 1.5 8 6 2 1 0.3
lithology B WB WB Fs Sc Nd Pd Md Md Md
RRE(ppm) DI

La 0.5 405 100 41 13.6 100.5 121 278 79 89.8 65.1
Ce 05 877 837 863 278 186 171 552 133.5 1625 123.5
Pr 0.03 123 13 142 31 227 236 694 18.1 196 152
Nd 0.1 557 18 24 119 909 756 253 752 757 61.1
Sm 003 132 125 115 25 202 23 50.5 155 157 13.0
Eu 0.03 34 1,3 237 06 49 4 121 3.4 3.3 3.5
Gd 0.05 120 13 11 1.7 177 135 30.2 124 1241 11
Tb 0.01 1.8 1.5 1.6 03 27 1.6 4.0 1.6 1.7 1.5
Dy 0.05 9.0 11 5 18 181 82 18.8 8.4 8.7 71
Ho 0.01 1.6 24 2 0.35 4.2 1.3 24 1.2 1.2 1.0
Er 0.03 4.3 3.3 4.7 1.04 10.8 26 4.8 2.8 26 23
Tm 0.01 05 0.3 0.4 0.1 0.9 0.3 04 0.3 0.3 0.2
Yb 0.03 3 23 4.3 1.2 35 1.7 23 21 1.7 1.3
Lu 0.01 04 0.2 0.4 0.1 035 0.2 0.2 0.3 0.2 0.1
Hf 02 6.5 15 172 84 116 82 8.6 159 94 12.8
Y 05 41 36 45 6.6 1035 299 35 239 215 195
RRE index

>REE 2459 262.7 208.9 66.5 483.8 447.8 1278.3 354.3 3955 306.3
LREE/HREE 4.2 5.7 4.7 64 52 106 14.1 7.7 9.4 8.1
(La/Yb)N 1 3.1 0.7 07 20 5.1 8.8 27 3.7 3.5
Eu/Eu* 1 0.3 0.7 1.0 0.9 0.8 11 0.9 0.8 1.0
CelCe* 1 0.5 0.9 1.0 0.9 0.8 1.0 0.9 0.9 1

G=grey; Gw=whitish grey, Gy=Yellowish grey; Wy=Yellowish-white; Wp=Whitish-pink; Rb=red brown; R=redish;
Br=brown red; Md=massive duricrust; Pd=Pisolitic duricrust, Nd=nodular. DI=detection limit
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Table 3. Chemicals index of alteration of KY1 profile

Samples collected along of KY1 profile

Chemicals P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
index
CIA (%) 55 57 68 72 99 99 99 99 99 99
IOL (%) 41 44 46 50 62 65 70 91 98 103
RR 3.21 3.16 1.25 107 052 099 018 0412 0.18 0.15
Table 4. Evolution of hydrolysis phenomenon of profile KY1
Pedological Samples Lithology SiO,/Al,0; Hydrolysis Minerals
level process
P10 Md 0.15 Gibbsite,
P9 Md 0.18 allitisation Goethite, Hematite
and other Fe-oxides
alloterite P8 Pd 0.12
p7 Pd 0.18
P6 Nd 0.99
P5 Sc 0.52
isalterite P4 Fs 1.07 Halloysite/Metahalloyiste
P3 Cs 1.25 monosiallitisation  Kaolinite,
Weathered P2 Bw 3.16 Smectite
Parent rock P1 B 3.21 bisialitisation (montmorillonite)

B=basalt; Wb=weathered basalt; Cs=coarse saprolite; Fs=Fine saprolite; Sc=Spoted clays; Md=massive
duricrust; Pd=Pisolitic duricrust, Nd=nodular duricrust; R=redish; Br=brown red; Md=massive duricrust;
Pd=Pisolitic duricrust, Nd=nodular duricrust

3.3.5 Rare Earth
fractionation

Element (RRE) and

The rare earth elements are mobile during the
formation of soil [37-41]. In the Bangam
weathered mantle, the results are represented in
Table 2: The light rare earth elements (LREE)
are more dominant with Ce (27.8ppm - 552ppm),
La (40.5ppm - 121ppm) and Nd (11.9ppm -
90.9ppm); the heavy rare earth elements (HREE)
which are poorly represented here by Lu
(0.18ppm - 0.44ppm), Yb (1.27ppm - 3.58ppm),
and is particularly marked by a high content of Y
(6.6ppm - 103.5ppm).its confirms by the ratio
YLREE/3HREE (4.26 - 14.18) in Table 2. The
chondrite and basalt -normalized (Fig. 6) patterns
confirm an important enrichment of LREE and an
impoverishment of HREE along of profile as
others lateritic soils. We also observe according
the basalt normalized patterns, a positive
anomaly in Ce and Yb, a negative anomaly in
Ce, Dy and Tm. In addition, chondrite normalized
also shows negative anomaly in Ce, Eu and Ho,
a positive anomaly in Ce and Eu. The Eu/Eu*
ratio, related to the REE fractionation, varies
from 0.38 to 1.13, indicating important
fractionation of the REE in various lateritic soil
phases, with weak negative Eu anomaly. The
Ce/Ce* ratio, included between 0.59 to 1.08

1"

show a positive anomaly of Ce in the coarse
saprolite and negative anomaly in the bauxite
duricrust. The (La/Yb)N ratio, which ranges from
0.7 to 8.83, also indicates a strong fractionation
of the LREE compared to the HREE.

4. DISCUSSION AND INTERPRETATION

4.1 Chemical Evolution in the Weathering
Mantle

The phenomenon of weathering mantel have
been studied by many author’'s such as [42-47]
and the better method to understand weathering
mantle in this case of Bangam profile is by using
chemicals alteration index to appreciate it. The
weathering mantle is organized in three levels
link by a morphogenesis, according to the texture
and structure, the upper domain or alloterite of
alteration coat is dominated by a complete
transformation of primary minerals and a great
blocs of bauxite duricrust, the RR or molar ratio
SiO,/Al,O3 as indicated in Table 3 is very low
[48] and a strong CIA translate a high leaching of
clay particles in this part of profile and the
formation of the gibbsite, goethite, hematite and
others iron hydroxides. In the isaltérite, the
weathering index are moderate and less than in
the allotérite, it’'s dominated by mottled clays, this
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environment indicate an alkaline environment metahalloysite suitable for specific hydrolysis
[46] responsable of the formation of kaolinite and known as monosialitisation [48-50]. The
others 1/1 minerals such as halloyisite and progression towards the base of profile leads to
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Fig. 7a. Samples/ Chondrite-normalized REE patterns in the weathering KY1 profile
the primary minerals. In the other hand, the base  “pain epice’clays, the RR is strong and CIA is

of profile is also characterized by a low porosity, low at the base of profile just indicate the
a relics of bedrock, a fine grain particles and presence of 2/1 clays minerals of smectites
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group [51,52] such as montmorillonite because of
the weak leaching or high contents of Mg, K and
Si in this part of the profile [53], these
environments are indicative of a highly confined
alkaline environment suitable for hydrolysis
known as bisialitisation. The data in the Table 4
and Fig. 3 might confirms the hypothesis of an in
situ model according to [48] and [54] where the
lithomarge is developed on a basaltic rock. The
isaltéritique level which or intermediate between
alloterite and weathered basalt is the domain
where the simultaneous hydrolysis phenomena
favorable to the genesis of clays 2/1 and 1/1
completing the uncertain hypothesis of [8] on the
genesis of Bangam bauxites. The antagonism
between the RR and CIA as we observe in this
case of Bangam KY1 profile is the logic symbol
of the chemical elements manifestation in the
lateritic zone.

4.2 Petrographical and REE Evolution in
the Weathering Mantle

Occurrences of bauxite as a result of the
weathering of basalt are reported in Madagascar
[55] and in the South-Cameroon [56] on the
syenite weathered mantle. These Bangam
bauxite deposits are clearly considered as
formed by direct bauxitization process, resulting
from initial primary rock. The development of
secondary minerals as gibbsite kaolinite goethite
hematite and other, petrographically, these
supergene minerals were reported as
pseudomorphs after primary minerals such as
olivine, pyroxenes, plagioclases and magnetite,
the replacement was considered isovolumetric as
defined by [57]. Therefore, the origin of
montmorillonite or some minerals of smectite
group was successively investigated in the
alteration of plagioclases and pyroxenes
respectively by [58,59,60]. Although the first
stage of parent minerals weathering generate
segregations and spots of iron oxyhydroxides
aren’t observed in Fig. 2, iron accumulation is
really developed in and can be derive from the
alteration of olivine or other ferromagnesian
minerals. The first stage of the alteration of
plagioclases was classically explained by [55]
and [61], it can generate a primary gibbsite and
metahalloysite present in “pain d’epice” (greyish
section) of first stage of the alteration of basalt.
The gain and loss of chemical elements as we
observe the balance mass and the distribution
translate the relative and absolute accumulation
of major, trace and REE along the Bangam
profile according to [62]. KY1 Bangam profile
shows that during alteration process, the

Sojien et al.; CJAST, 36(3): 1-20, 2019; Article no. CJAST.49572
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leaching and mobility of some chemical elements
such as Na', ca*, K', Mg*, Mn*, Si* are
proportional to the degree of weathering [63].
These elements are preferably leached [28].
Whereas AP, Fe®*and Ti** are more often
constant in the weathering system [64-67]. The
bauxitisation process is explained by the ternary
diagrams of IOL and CIA, it's indicated a
domination by alumina and iron phases (see Fig.
8). The transformation of primary minerals as we
observe in thin section, shows a progressive
changing from greyish color, rich in 2/1 minerals
to a whitish-grey, rich in kaolinite and finally
whitish, rich in gibbsite. This observation in the
thin sections is nothing other than the reflection
of the phenomenon that took place in the
weathering mantle according to the classification
of Table 4 based on the molar ratio SiO,/Al,O53 or
Ruxton ratio adopted by [51,52,49]. The
antagonism process of lateritic phase, between
aluminous minerals such as gibbsite, kaolinite
and ferruginous minerals such as goethite and
hematite along the weathered zone prove a
correlation of chemical elements; an evidence of
a genetic link of different horizon (see Fig. 6)
such observed SiO,-Al,O5; and Sr-Ba and others
REE isochrons. During the formation of sail, the
mobility and structural reorganization of REE
involve automatically their fractionation [38-41]
and consequently the features of the parent rock
remain along the Bangam KY1 profile favoured
by the circulation of meteorite waters or the
pH/Eh of environment. The Chondrite and basalt
-normalized REE indicates a light rare earth
enrichment (LREE) relative to heavy rare earths
(HREE) due to higher stability of the ligands
(sulphates and carbonates) and higher
redistribution along the profiles during lateritic
alteration [68-74] and [39], the mobilization of the
REE during weathering processes results from
different factors related to the parent rock
mineralogy, specifically the distribution of the
REE in the primary bearing minerals, the stability
of these minerals during weathering, and their
abundance in the parent material. In addition, the
low values of (La/Yb) N (0.79-8.83), may be
attributed to intense REE fractionation [75]. The
chondrites /samples and basalt/samples
normalized patterns (Figs. 7a and 7b) reflect a
unique source of samples collected in the
alteration zone [76] and similar epigenetic
transformations for basaltic rocks such as most
lateritic profiles [77]. A light negative anomaly in
Ce is due to the oxidation-reduction conditions
[78] and its  incorporation into  the
ferromanganese-ferric module in the form of
ceric oxides or insoluble cerianite [79-81]. [79]
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also suggest that, negative anomaly in Ce is due  montmorillonite. Cerium can occur in the nature
of the formation of new minerals especially the as ce*in reducing conditions like the majority of
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Fig. 7b. Samples/ Basalt-normalized REE patterns in the weathering profile
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lanthanides. Or as Ce** in oxidizing conditions. If
soluble Ce* is oxidized to Ce", it precipitates
from solution as very insoluble CeO, or
according to [82], Cerium and others lanthanides
(Yb, Ho, Dy, Eu...) have a particular fractionation
because of their multiple ionic valences. The
positive and negative anomaly in the Bangam
profile behaviors is due by the moving of phreatic
sheet in the alteration weathering which would be
responsible for rare earth leaching (Figs. 7a &
7b). In the other hand, alteration coat shows a
negative Cerium anomaly may be linked to
oxidation of Ce* to Ce* or primary Ce* in
residual zircon or sphene minerals because of
it's oxidation ability, insolubility and stability in
lateritic environments [18].

5. CONCLUSION

The weathered profile is dominated by an
evolution of alumina and iron phases and the
gibbsite observed is primary and secondary
minerals.

The mechanism of bauxitisation along the
weathering mantle of the Bangam locality shows
that the chemical evolution respects to the law of
lateritization in tropical environment. The
bauxitisation process started by the weathering
of basalt, characterized by an alternate domain
rich in Al,O3; and Fe,O3 commonly research by
the mining company.

The geochemical continuity between the three
major levels of alteration confirms that the

16

Bangam bauxites are autochthonous. The
bauxitisation process has been strongly
influenced by the pH, temperature and the nature
of parent rock. The process of bauxitisation has
undergone a normal evolution from bisialitisation,
monosiallitisation to allitisation. In the other
words, the different samples are cogenetic,
which are formed at the same time, in the same
parent rock known as basalt. Since the first
tertiary volcanic phase that affected the region of
Western Cameroon.
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