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Behaviour of palladium in three lateritic profiles developed on setpentinites of the
Lomié ultramafic complex, South-East Cameroon

NDJIGUI Paul-Désiré
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ABSTRACT

Palladium is one of the platinum-group elements (PGE); its research is very important considering
the price on the world market. In the weathered profiles developed on serpentinites in the Lomié
region (South-East Cameroon), slightly elevated Pd contents are observed in the coarse saprolite (28-
40 ppb), in the nodules (20-22 ppb) and in the pisolitic iton durictust (38 ppb). Apart from these
hardened materials (nodules, pisolitic iron duricrust), the Pd contents decrease upwards in the weath-
ering profile. The high Pd contents in the coarse saprolite are due to the supergene enrichment and
secondary Pd precipitation processes. In the hardened materials, they are instead as result their ferru-
ginous and very hardened nature that offer resistance to the leaching process activated by water
charged with organic matter and carbon dioxide. Pd behaviour versus three most abundant major
clements in the laterites (Fe, Si, Al) differs from one weathering profile to another.
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RESUME

Le palladium constitue I'un des éléments du groupe du platine, ce sont des éléments qui possedent
une forte valeur marchande dont l'exploration est basée uniquement sur les critéres géochimiques.
Dans trois profils latéritiques développés sur serpentinites dans le complexe ultrabasique de Lomié
(Sud-Est Cameroun), les teneurs élevées en palladium ont été observées dans la saprolite grossiere
(28-40 ppb), dans les nodules (20-22 ppb) et dans la cuirasse pisolitique (38 ppb). Hormis les matétiaux
fortement indurés (nodules et blocs de cuirasse pisolitique), les concentrations en palladium diminuent
de la base vers le sommet des profils d'altération. La concentration élevée dans la saprolite grossiére
résulte d'un enrichissement supergéne ou des processus de précipitation secondaire du palladium.
Dans les matériaux ferrugineux fortement indurés, les teneurs élevées sont liées 2 la forte induration
des matériaux qui leur offrent une certaine résistance vis-a-vis du lessivage des matériaux activé pat les
eaux chargées de gaz carbonique et de la matiere organique. Les diagrammes binaires, établis entre le
palladium et les trois éléments chimiques les plus abondants dans les latérites (Fe, Al Si), montrent que
les affinités entre ces éléments différent d'un profil a un autre.

Mots clés: Palladium - Cameroun - Serpentinites - Altération - Latérites - Saprolite.
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L. INTRODUCTION

The PGE constitute a group of six elements (Pt,
Pd, Ir, Rh, Ru, Os) that are generally weakly
represented in rocks, with concentrations globally

lower than 10 ppb (Luguet et al. 2007; Godel et

-al. 2007; Godel and Barnes 2007). Howevet, they

are highly sought elements, because of their high -

metallogenic value. Among the PGE, platinum
and palladium are used in many domains such as

in aufomobile industry, electronics, jewellery ....

Although of great economic importance, research
on these elements has received less attention,

probably due to the very high cost of analyses. Pt-

and Pd behaviour in the latetites developed.on. . . .

ultramafic rocks have been studied in the tropical
region (Bowles 1986; Augé et al. 1995; Salpéteur
et al. 1995; Ndjigui et al. 2003; Ndjigui et al. 2004;
‘Traoté, 2005; Traoré et al: 2006). The aim of. this

.+ wotk has been to study the behaviour of-palladium

in three lateritic profiles and:to explain the
mechanisms that could be controlling variations
in Pd contents along each profile.

2. Geographical and geological setting

The Lomié ultramafic complex is situated in the

South-East of Cameroon, within South Cametoon
plateau (Fig. 1). This complex is made up of five
bodies (Kongo-Nkamouna, Mang: North, Mang
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Figure 1: Geological map of the Lomié region (from Se

me Movangus 1998;
modified by Totau gt al, 200&3).» .- B

174



JOURNAL OF THE CAMEROON ACADEMY OF SCIENCES Vol. 7 No.3 (2008).

13°50"

o

L

XTI 7T 777 TEZ
IR 1 G AT

rey
Ecly
L]

Serpentinized ultramafic rock
Micaschiat and gquartzite

Figare 21 Sketeh of geological and topograghic mapy of Kongo-Niamounm ans and
Tocation of the studied pits,

South, Messea, Kondong I) with a surface area
of about 240 km? (Fig. 1). The climate of the
tegion is the guinean type characterized by four
seasons (two rainy seasons and two dry seasons).
The mean rainfall is 1655 mm/year and average
temperature is 23.5°C (Suchel 1987). The
vegetation is a dense rainforest (Letouzey 1985).
The soils are red ferrallitic on hills and peneplains,
and hydromorphic in the swampy depressions
(Yongué-Fouateu 1995). The Lomié ultramafic
complex is made up of serpentinites which are
intruded by mica schists and schists (Seme
Mbuz_mgué 1998) (Fig, 1). The country-rocks date
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from the Panafrican orogeny (Lasserre and Soba
1976; Toteu et al. 20006).

3. Analytical methods

Three weathering profiles were chosen to study
the Pd behaviour in the lateritic profiles on the
serpentinized ultramafic rocks of the Lomié
complex. The Nkamouna and Napene weathering
profiles are situated in the Kongo-Nkamouna body
(Fig. 2) and that of Mang North is located in the
body that carries the same name (Fig, 3). The
samples collected were described and submitted
to analyses in the Geoscience Laboratoties. of
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Ontario Geological Survey, Sudbury (Canada).
The mineralogical analyses were carried out by
X-ray diffraction analysis (XRD). The resulting
diffraction spectra were compared with a

computerized database of common minerals,

whose automatic mineral-matching function was
assisted by operator identificaticn of phases
consistent with the known compositions of the
materials. Major element concentrations wete
determined by X-ray fluorescence (XRF) after
sample ignition. Sample powders were ignited and
then melted with a lithium tetraborate-flux before
analysis using a Rigaku RIX-3000. wavelength-
dispersive X-ray fluorescence spectrometer.
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The palladium data of twenty samples were
produced by the Geoscience Laboratories of the
Ontario Geological Survey in Sudbuty (Canada)
for the soil samples from the Nkamouna and Mang
North lateritic profiles, and by Genalysis
Laboratories Services (Australia) for the soil
samples from Napene. Palladium was determined
by a NiS fire assay with ICP-MS using a Perkin
Elmer ELAN 500 insttument (Richardson and
Burnham 2002).

Soil samples were mounted in epoxy and examined
optically and also using an electron microscope
to examine textures and perform qualitative
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Table 1: Mineralogical composition of the parent rock and the weathered materials at Nkamouna.

Materials S Minerals .

Antigorite Quartz Magnetite | Hematite | Goethite | Kaolinite
Loose clayey horizon - Lt + T - -
Upper nodular horizon - + - - ++ +
(nodules) .
Upper nodular horizon - + + - et 4
(matrix)
Lower nodular horizon - + + - ot T+
(nodules)
Lower nodular horizon - + + - . T+
(matrix)
Fine saprolite - + + - -+ t
Coarse saprolite (top) - - ++ - IS R
Coarse saprolite (bottom) - g + - — €
Parent rock + - ++ - - -

+-+-+: very abundant; ++: abundant; +: poorly represented, € : trace; - absent.

energy-dispersive X-ray (EDS) analysis of
selected mineral grains.

4, RESULTS

4.1. Petrology of serpentinites

The serpentinites are constituted by 90 %
serpentine (antigorite), associated to opaque
minerals (Tables 1, 3 and 5). The SiO, and MgO
contents are high (36.67-38.99 wt.% S10, and
38.20-39.70 wt.% MgQ, respectively). Those of
Fe,O, (6.66-7.34 wt.%) and especially ALO,

(1.00-2.27 wt.%) ate much lowetr. Other majot
elements show either very low contents, less than
1 % for CaO (0.66 wt.%) or are less than the
detection limit (Tables 2, 4 and 6). The Pd contents
are very low in serpentinites (1.97 ppb in
Nkamouna sample, <2 ppb in Napene sample, and
0.27 ppb in the Mang sample).

4.2. Description of weathering profiles,
mineralogy and geochemistry of ntajor
elements

Table 2: Chemical composition [majot elements (in wt %), Pd (in ppb)] of the parent rock and the

weathered materials at Nkamouna.

~Upper nodular

D.1: Detection limit.
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Parent Coarse saprolite Fine - Lower nodular Loose
rock saprolite horizon horizon clayey
base top matrix | nodules | matrix | nodules | horizon
Symbols NK6 NK3 NK9 NKI ‘NK35 NK2 ‘NK7 | NK4 NK§ -
Depth(m) | - - | 18.00 11.50 9.00 5.60 5.60 1.50 1.50 0.50.
D.L
Si0, 0.01 | 39.67 6.67 3.04 11.25 14.10 | 14.10 | 12.57 | 2034 | 13.20
ALO, 0.01 142 | © 545 3.13 12.08 16.11 14.39 | 18.12 24.22 ' | 17.66
Fes04 0.01 6.66. | . 82.07 §89.04 62.11 53.99 | 56.63 | 51.05 38.08 50.59
MnO 0.01 | 0.06 1.24 0.47 2.06 050 | 057 .| 042 | 0.06 ., 0.48
MgO 0.01 | 39.66 . 0.80 0.45 0.60 033 | 032 0.32 0.06 0.32
CaQ 0.01 | <0.01 <0.01 < 0.01 <0.01 | <0.01 | <0.01 | <0.01 <0.01 | <0.01
Na;O 0.01 0:02 | 0.02 < 0.0] 0.02 0.02 0.01 | 002 | <0.001 | 001"
KO 0.01 1 <0.01 <0.01: ] <0.01 <0.01 0.02 < 0.01 0.03 | . 0.02 - 0.03
Ti0, 0.0! 0.01 0.08 0.08 0.41 1.05 0.31 1.41 1.14 1.38
P,Os 0.01 | <0.01}..<0.01 < 0.01 0.04 0.07 0.03 0.10 0.06 0.11
LOI 0.05 | 1180 - 629" | 6.68 8.81 10.81° | 10.20 | 12:44°7 13.38 | 1249
| Sum - 99.30 102.62, |- 1:02.89 97.38 97:00- | 96:56 .. 96.748 | .94.36 . 9627
| Pd. 001 1.97 15 12 13 13 20 . 11 .22 -]




4.2.1. Nkamouna weathering profile

The profile is located in the southetn patt of the
ultramafic body (Fig. 2). This is 18.70 m deep
above the water table and is made up, from the
bottom to the top, of: a coarse saprolite, a fine
saprolite, a lower nodular horizon, an upper
nodular horizon 2nd a loose clayey horizon (Fig.
4).

The coarse saprolite (8.7 m) is loose, with a sandy-
silty texture and it is made up of a succession of
horizontal millimetric layers showing a
‘microbedded structure. The basal part of the
coatse saprolite is goethitic. Accessory magnetite
and kaolinite are represented (Table 1). The
geochemical analyses of unweathered serpentinite
(NKO6) indicate 39.67 wt.% SiO,, 39.66 wt.%
- MgO and 6.66 wt.% Fe,O,. SiO, decreases to
6.67% 1n the coarse saprolite and MgO 0.80%.
Fe O, contents increase from 6.66 to 82.07 wt.%
(Table 2). Aluminium contents change from
parent serpentinite and coatse saprolite (5.45%
AL O,) whereas Mn contents increase from 0.06
to 1.24% (Table 2).

The uppermost part of this saprolite is made up
mainly of goethite and magnetite (Table 1, Fig;
5). Fe,O, contents increase to 89%, whereas SiO,,

2).

The coarse saprolite progressively transforms to
the fine saprolite (2 m) in which the texture and
the structure of the parent rock are still preserved.
It shows numerous centimetric patches which are
grey, loose, with a pasty texture and a
microbedded structure. The silicates are
completely weathered to goethite and kaolinite
(Table 1) with accessory magnetite. The
geochemical analyses (Table 2) indicate 11.25%
Si0,, 12.08% AlLO,, 62.11% Fe, O, and 2.06%

- Lotk sy heddson

Vo vadilar
hoen

bt
Al203, MgO and MnO contents decrease (Table s

Fiv scpu e

Cocroh sopeo e

MnO.'Accessory, it is composed of 0.6% MgO

and 0.41% TiO, (Table 2).

Towards the top of the profile, the fine saprolite
transforms to the nodular materials with a non-
conservation of original structures. The first
nodular material is the lower nodular horizon (3
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m) which 1s made up of nodules embedded in a
matrix. '

The matrix is reddish, polyhedral, loose and

‘porous. It has the same mineral assemblage as the

fine saprolite (Table 1). The geochemical analyses
indicate an increase in SiO, and ALO, (14.10%
SiO, and 16.11% AI20,). Fe,O, contents decrease
to 53.99% (Table 2). Accessotily, this horizon is
composed of 0.5% MnO, 0:33% MgO and 1.05%
TiO, (Table 2). :

The nodules (~70 % of soil) are centimetric,
reddish brown, hardened, and sphetical to sub-
spherical. The mineral assemblage is dominated
by goethite and kaolinite, with quartz and
magnetite traces (Table 1). The geochemical
analyses indicate an increase in Fe,O, contents
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(56.63%) and a decrease in Al,O, contents
(14.39%).

The upper nodular horizon (4 m) is the second
nodular material. It is constitutes by nodules that
are embedded in the matrix. The matrix (~20 %
of soil) has the same morphological organization
and mineralogical composition as the matrix of
the last nodular horizon (Table 1). The
geochemical analyses reveal an increase in AL O,
contents (18.12%), and a decrease in SiO, and
Fe, O, contents (51.05% Fe,O, and 12.57% SiO,).
Accessorily, the matrix is composed of 0.42%
MnO, 0.32% MgO, 1.41% TiO, and 0.1% PO,

(Table 2).

The nodules (~80 % of soil) are very hard and
present four to five concentric and reddish brown
lobes that are held by a red ferruginous cement.
The multilobed nodules are goethitic and slightly
kaolinitic, with quartz traces (Table 1, Fig, 7).
Fe,O, contents decrease (38.08%); meanwhile,
§i0,, AL,O, and TiO, contents show an opposite
trend (20.34% S10,, 24.22% AL O, and 1.14%
Ti0,) (Table 2).

The nodular ‘material is overlained by a loose
clayey horizon (1 m) which is friable, polyhedral,
datk red, and porous. The mineral assemblage is
dominated by hematite, kaolinite, quartz, with
magnetite traces (Table 1). The geochemical
analyses indicate an increase in Fe, O, contents
(50.59%) and the decrease of SiO, and ALO,
contents (13.2% SiO, and 17.66% ALO,).

4.2.2, Napene weathering profile

The Napene weathering profile is located to the
North of Nkamouna (Fig. 2). Above the water
table, the thickness of the weathering profile is
up to 13.70 m and can be divided into four main
layers from the bottom to the top: fine saprolite,
nodular hotizon, pisolitic iron duricrust and loose
clayey horizon (Fig. 7).

The fine saprolite (3.70 m) is predominantly grey,
sandy to clayey-silty, with a relic microbedded
structure at the bottom patt. The middle part is
constituted by a large, red and clayey material,
which is disseminated in a grey, silty to clayey silty
framewotk. The minefal assemblage is dominated
by quartz, hematite, goethite, kaolinite, with traces

Table 3: Mineralogical composition of the parent rock and the weathered materials at Napene.

[ Minerals

Minerals o . ‘ 1 ‘

Goeth. | Hem. | Maghe

nt. [ﬁMag.

Talc | Kaol. L_ithii{ Gibb

Quartz |- Anatase

Loose - - ++ ++ +
clayey
horizon

£ +

Pisolitic - - + +++ ++
iron
duricrust |

- ++ ++ +

Nodular - . Tt — ¥
horizon
(nodules) |

Nodular - - + +++ ++
horizon
(matrix)

saprolite
++ -
(middle) J

Fine - - + ++ -
saprolite J

(top) ‘

I'ine - - ++

Fine : - - ++ I+ .
"I saprolite

(bottom) . -

J |

—
|

Parent rock

+ - - -

— 11

Mag.: magnetite; Goeth.: goethite; Hem.: hematite; Kaol.: kaolinite; thlno ]11111ophor1te Maghe maghemite.
+++: very abundant; ++: abundant; +: pootly represented; e: trace; -t absent. i vy oy - Y



Table 4: Chemical composition [major elements (in wt %), Pd (in ppb)] of the parent rock and the
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weathered materials at Napene.

Parentrock | Fine saprolite Nodular horizon | Pisolitic Loose

base middle top matrix nodules iron clayey

duricrust horizon
Symbols NA2 NA8 NA6 NA4 NAI NAS NA3 NA7
Depth (m) - - 13.70 11.50 10.50 8.50 8.50 5.00 0.50

D.l.

Si0, 0.01 38.99 40.31 38.14 34.78 2354 787 | 2119 31.15
ALO; 0.01 1.00 15.91 11.59 13.01 19.51 25.78 20.88 17.70

| Fe20s 0.01 720 | 3491 41.56 40.38 43.04 47.96 42.76 36.72
{ MnO 0.01 0.i6 | 096 0.74 2.00 0.32 0.98 0.17 0.12
[ MgO 0.01 3070 | <00l 0.24 0.69 0.52 0.49 0.11 0.30
[Ca0 0.01 0.01 <0.01 0.0t 0.01 <0.01 <0.01 <0.01 0.01
[ Na,0 0.01 <0.01 <0.01 0.02 0.01 0.02. 0.01 <0.01 <0.01
K0 0.01 <0.01 <0.01 0.08 0.07 0.05 <0.01 0.03 0.09
PO 0.01 0.04 0.07 0.21 0.36 0.89 0.36 113 1.23
P,0s 0.01 <001 [ 002 0.03. 0.04 0.06 0.03 0.06 0.12
LOI 0.05 12.54 6.92 6.08 741 11.06 14.83 11.62 11.91
Sum - 99.64 99.10 98.70 98.76 99.02 9831 97.95 99.35

L Pd | 2.00 <2 | 28 26 20 20 19 38 | 11

DLl.: Detection limit.

of lithiophorite, gibbsite and talc (Table 3, Fig. -
8). The geochemical analyses of parent rock
(NA2) indicate 38.99 wt.% S10,, 39.70 wt.%
MgO, 7.20 wt.% Fe, 0., 1.00 wt.% ALO,. At the
bottom, S10, increases from 38.99 wt.% to 40.31
wt.%. Fe O, contents rise from 7.20 wt.% to
34.91 wt.%,‘like those of ALO, contents. (1.00
wt.% to 15.91 wt.%). MgQ decteases from 39.70
wt.% to 0.96 wt.%. In the middle part, 510, and
ALO, contents decrease (38.14% SiO,, 11.59%
ALO,) whereas those of Fe O, increase (41.56%).
Accessorily, the fine saprolite 1s composed of
0.24% MgO, 0.21% TiO,, 0.74% MnO and
0.03% P,0, (Table 4). At the top, 1t is constituted
by a greyish red material. The mineral assemblage
is dominated by quartz, hematite and small
amounts of goethite, talc, kaohnite, lithiophorite
and gibbsite (Table 3). The geochemical analyses

indicate a decrease in SiO, and Fe,O, contents
(34.78% SiO, and 40.38% Fe O)), and an
increase in ALO, (13.01%) and MnO (2.00%)
contents. Accessorily, it 1s composed of 0.69%
MgO, 0.36% TiO,, 0.74% MnO and 0.04% P,0,
(Table 4).

The fine saprolite transforms to the nodular
horizon (3 m). Itis constituted by a matrix which
binds the nodules together. This matrix is
yellowish brown and slightly hardened and is
composed of hematite, maghemite, kaolinite,
quartz, goethite, and small amounts of gibbsite
and talc (Table 3). SiO, contents decrease to
23.54%, while those of AL, O, and Fe,O, increase
(19.51% ALQO, and 43.04% Fe,O,). Accessorily,
it is composed of 0.52% MgO, 0.89% TiO,,
0.32% MnO and 0.06% PO, (Table 4).

Table 5: Mineralogical composition of the pzitent tock and the weatheted materials at Mang North.

Materials Minerals
Antigorite | Quartz Magnetite Hematite Gocthite Kaolinite

" L.oose clayey horizon - + R St N T
Nodular horizon (pisolitic iron - T+ - ++ o +
duricrust)
Nodular horizon (matrix) - + + - 1+ T
Nodular horizon (botton) < + +. - +4++ +
Fine saprolite - + + - v "
Coarse saprolite ' - + + - . "
Parent rock IR - ot . Z R

++++: very abundant; +-+: abundant; +: pootly represented; e trace ; -: absent.
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Figure 5: X-ray diffraction spectrum of the coarse saprolite.

The nodules ate either flattened or rounded,
reddish brown and slightly hardened. The
difference between the mattix and the nodules is
based on the amounts of gibbsite, kaolinite,
maghemite and quartz (Table 3, Fig. 9). SiO,
contents decrease considerably (7.87%), whereas
those of ALO, and Fe, O, instead incr ease highly
(25.78% Al O and 47, 96% Fe O,). Accessorily,
the nodules are composed of 0.69% MgO, 0.36%

X'Pest- Graphics & Identity
Geaph; CYRANKS

TiOz, 0.74% MnO and 0.04% P O, (Table 4). The
nodular horizon is overlained by the pisolitic iron
duricrust.

The pisolitic iron duricrust (4.5 m) is constituted
by metric blocks held together by a fetruginous
matrix. The matrix is much less abundant (~10
%), loose and reddish. The pisolites are either
spherical or flattened, reddish brown and
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connected by hardened matrix. The pisolitic iron
duricrust contains hematite, maghemite, kaolinite,
quartz and small amounts of goethite, anatase,
‘talc and gibbsite (Table 3). The geochemical
analyses indicate anincrease in SiO, contents
from the nodules to the pisolitic.iron duricrust
(7.87 to 21.19 %) and a decrease in Al,O, and
Fe,O, contents (25.78 to 20.88% AL O,, 47.96
to 42.76.% Fe,O,, in Table 4). Accessorily, the
pisolitic iron duricrust is composed of 0.11%
MgO, 1.13% TiO,, 0.17% MnO'and 0.06% P,O,
(Table 4).

The pisolitic iron duricrust dismantles to the loose
clayey horizon (2.5 m). This loose clayey layer is
dark red, and polyhedral at the bottom to slightly
lumpy at the sub-surface. The mineral assemblage
1s dominated by hematite, goethite, gibbsite,

-

LR
1

27
e
uumrrm:l =] Wik Ly

Figues 7: Desciption of Nopens weah oing potis, ¢

quartz, and small amounts of maghemite,
kaolinite, anatase and talc (Table 3, Fig. 10). SiO,
contents increase (31.15%), while those of AL O,
and Fe,O, instead decrease (respectively 17.70
wt% and 36.72 wt.%).

4.2.3. Mang North weathering profile

The weathering profile is situated at the centre
of the Mang North ultramafic body (Fig. 3). Itis
18.70 m thick above the water table and can be
divided, from bottom to top, into four main layers:
coarse saprolite, fine saprolite, nodular horizon
and loose clayey horizon (Fig. 11).

The coarse saprolite (5.70 m) is dark brownish
red, sandy-silty to silty-clayey, polyhedral and
loose. The framework has three types of
centimetric patches: microbedded patches,
greenish yellow patches and dark patches. The
mineralogical analyses indicate the presence of
goethite, kaolinite and quartz, and magnetite
traces (Table 5). The geochemical analyses of
parent serpentinite’ (MAG) indicate 37.33 wt.%
Si0,, 38.20 wt.% MgO, 7.34 wt.% Fe, O, and
227 wt.% ALO, (Table 6). From the parent rock

to the coatse saprolite, Fe,O, and AL,O, contents

increase (67.22 wt.% Fe, O, and 9.55 wt.% AL O ),
whereas those of SiO, and MgO instead strongly
decrease (9.49 wt.% Si0,, 0.33 wt.% MgQO, in
Table 6). MnO contents increase from 0.08 to 1.17
wt.%.

The coarse saprolite progressively transforms to
the fine saprolite (4 m). This horizon is loose,
reddish brown, polyhedral, clayey to sandy. It
contains patches showing a microbedded structure
and abundant centimetric dark patches. The
mineral assemblage is the same as that of the
coarse saprolite (Table 5), in spite of a different

~ organization of the materials. A SEM micrograph
of a section of the fine saprolite confirms the

presence of quartz (Fig. 12). The origin of quartz
1s unclear. It may result from the downward
transport of surficial material along fractures
induced by skrinkage during weathering or

leaching, it may have formed in situ from silica-

rich solutions. In the chemical point of view, a

‘minot decrease in FeZO3 contents and a minor
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Figure 8: X-ray diffraction spectrum of the fine saprolite. oby 2 sunfdr

increase in SiO, and AL O, contents are obsetved amounts of magnetite, kaolinite and' ‘éiﬁ%frt}z“{T abl“‘
(Table 6). At the top, the fine saprolite alters to 5). The decrease in Fe, O, conten'ts 'éonﬁnues
the nodular material. accompanied by a similar drop in Si&) dhd4 ’ris’é‘

in ALO, contents (Table 6). Accesgsorll'y, the’
The nodular hotizon (8 m) is made up of nodules hotizon is composed of 0.23% Mg@ 0.819% O“
and blocks of iron duricrust, embedded in a matrix. B 6) :
The bulk sample of the bottom is mainly goethitic
and hematitic, in spite of the presence of small

ooy,
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Figure 9-X-ray diffraction spectrum of nodules (Nodular hotizon).
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‘Table 6: Chemical composition [major elements
weathered materials at Mang North body.

(in wt %), Pd (in ppb)] of the parent rock and the

f: Parent Coarse 1 Fine Nodular horizon Loose
rock saprolite | saprolite base matrix nodules clayey
: horizon
Symbols MAG6 MAS MA2 MA7 MA1 MA3 MA4 |
Depth(m) - - 15.00 10.50 8.50 4.50 4.50 0.50
D.L .

SiO, 0.01 3733 | . 9.49 12.86 10.48 12.48 14.33 16.22

%03 0.01 2.27 9.55 12.03 18.68 1948 | 26.18 22.87
Fe,0; 0.01 7.34 67.22 62.71 53.40 47.10 39.24 44.63
MnO 0.01 0.08 1.17 .20 1.07 0.19 0.07 0.18
MgO 0.01 38.2 0.33 0.29 0.23 0.12 0.06 0.22
Ca0 0.01 0.61 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 -
Na,O 0.01 0.03 0.02 <0.01 <0.01 001 | <001 <0.01 |
K,O 001 | <0.01 | <0.01 <0.01 0.02 0.02 <.0.01 0.05
TiO, 0.0t 0.02 0.15 - 0.22 0.81 1.74 1.81 1.61

| P;Os 0.01 <0.0] <0.01 <0.01 0.05 0.01 -~ 0.06 0.12
LO1 0.05 i3.11 9.36 . 8.87 122 14.19 15.69 13.55
Sum - 98.99 97.29 98.18 96.94 95.34 97.44 99.45
Pd 0.11 0.27 40 28 17 18 33 14 |

Dl: Detection limit. _ ,

The matrix (~20 % of the soil) is loose, purplish (Table 6).

to yellowish brown, and polyhedral. The mineral
assemblage is dominated by goethite and kaolinite,
alongside magnetite and quartz traces (Table 5).
T}j{_,ggeochemlcal analyses indicate a minor
increase in Si0, and AL O, contents (19.48 wt.%
blO and 19 48 wt.% Al O ,) and a progressive
decrease in Fe,O, contents (47.10 wt.%, in Table
6). Accessomly, the hotizon is composed of 0.12%
MgO, 1.74% 1102, 0.19% MnO and 0.01% P,0,

The iron duricrust blocks are very abundant (~65
% of total volume) and mainly pisolitic. These
blocks are made up of a yellowish brown
ferruginous cement that coats the pisolites. The
mineral assemblage is dominated by goethite,
hematite, kaolinite and quartz (Table 5). The
geochemical analyses indicate an increase in S0,
and AL O, contents and a decrease in Fe O,

" emeras M
copnts .
32400; omenes.. B
Givhsie, syn___(R)
2566@1? ‘ Hermialite. 80 {R)
‘ Magheriite-C., syr(R)
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100004
8400~
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1600-
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330018 Gibbsite, syn g

330884 Hemalite, syn : i
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Figure 10: X-ray diffraction spectrum o_f the loose clayey: horizon.

184



JOURNAL OF THE CAMEROON ACADEMY OIf SCIENCES Vol. 7 No.3 (2008)

contents relative to the matrix (Table 6). The
nodular material dismantles to clayey surface soil.
The loose clayey horizon (1 m) is a reddish
material and has a polyhedral to crumbly
structure. The mineralogical characterization
indicates the presence of hematite, kaolinite and
quartz (Table 5). The geochemical analyses
indicate a slight increase in SiO, and Fe,O,
contents (16.22 wt.% SiO,, 44.63 wt.% Fe 0O,),
and a2 minor decrease in ALO, contents (Table
6). Accessorily, the loose clayey horizon is
composed of 0.22% MgO, 1.61% TiO,, 0.18%
MnO and 0.12% P,0O, (Table 0).

' 4.2.4. Comparison of the three weathering
profiles

The Nkamouna and the Mang North profiles
contain relic structures of the parent rock. The
three profiles show thick hardened ferruginous

looss clayey
hotkon 1

Botks of
kon durcngt

Noduar
horzan

L. Backpatches
Fine siprofte

“microbedded
gt

& O renswm

Coane saprolte
. 18

7

18
18.7
“Depth m} 'y

Rgure 11: Desoription of Mang Noith weatherng profie,

185

materials (~8 m). Two profiles (Nkarridu’ffﬁ"’
Mang North) are characterized by high F62®3
contents in the saprolite. Meanwhile, the Nz‘ipehé
profile is rather more enriched in-SiO, than ‘thé
others. AL O, contents increase along the thrEC
profiles as TIO e e el
4.3. Palladium behaviour in the weathefed‘
materials pros dioo
4.3.1. Distribution of palladlum 1n the
weathering profiles pefe
The Pd contents vary between 10 and 22 ppb in
the Nkamouna profile (Table 2). Palladmmv
reaches 15 ppb at the bottom of the coatse
saprolite and 12 ppb in the uppermost part'of-the -
same saprolite, and 13 ppb in the fine saptohte'
In the lower nodular hotizon, Pd contents rémiain
close to 13 ppb in the matrix and 20 ppb in'the
brown nodules. In the upper nodular horizon, the .
Pd contents are 11 ppb in the matrix’and’ attain
their maximum value (22 ppb) in the ‘multilobed
nodules (Table 2). This Pd contents decrease
sharply in the clayey surface soil (10 ppb).

At Napene site, the Pd contents are slightly higher
than those observed in the Nkamouna materials.
Pd values oscillate between 11 and: 38 ppb (Table
4). In the fine saprolite, Pd contents ate 28 ppb at
the bottom of saprolite, 26 ppb at the middle part
of the same horizon and 20 ppb at the top. In the
nodular horizon, the Pd contents also remain close
to 20 ppb 1n the matrix and decrease to 19 ppb in
the nodules. Palladium contents attain the
maximum value in the pisolitic iron duricrust (38
ppb), and then reduce to 11 ppb in the clayey
surface soil (Table 4). ‘

At Mang North site, Pd contents are higher than
in the last two profiles. They oscillate between 17
and 40 ppb (Table 6). Palladium contents are at a
maximum in the coarse saprolite (40 ppb) and
decrease to 28 ppb in the fine saprolite. In the
bulk fraction of the nodular hotizon, the palladium
contents are 17 ppb and increase slightly in the
matrix at the upper part (18 ppb), and practically
double in the pisolitic iron duricrust (33 ‘ppb). Tn

the clayey surface soil, palladlum contents are [,3
Pb ('lable 6) . : v ¢

P '
S R ;lxi
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Pﬂﬂa@gmgp;ytq}l@ﬂre high in the coarse saprolite
(Mang Narth prgfjlg) in the nodules (Nkamouna
%9@}@}[ ggql t}p.ed pisolitic iron duricrust (Napene
mp@,e%@pgpt from the coarse saprolite from the

Mang Morth profils, palladium contents are lower
in the loose materials than in the hardened

materials. The palladium values decrease from the

Bapsolite, zongupwards into the clayey surface
soil, except in hardened materials.

oty o muibsllsg

4.3.2. Palladium behaviour versus Fe, Si, Al

xlﬁjﬁ}ﬁ&%%ﬂ@%}lr zone, supergene weathering
ProvQkes thedeaching of all elements (Ndjigui et
24,2008}, Ehe elements which remain in this
)\m:ait‘hemngje;gygqnment are Fe, St and Al.(Tardy

lﬂﬂ%pﬁ&g}gpg these elements, Fe is the most
abundant.in, the laterites mostly developed on

nhramafig recks (Eno Belinga 1983; Tardy 1993;
J”}['p}a%p&)gjl L 2006; Yongué-Fouateu et al. 2006).
Binatydisgtams were established using the
iongenttations of four elements (Fe, S1, Al and
P)(Fig A3 they reveal that:
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- at Nkamouna site, Fe,O, shows a negative
correlation with Pd (Fxg 13a) while correlation
between SiO,/Pd (Fig. 13b) and AL, O, /Pd (Fig.
13c) is positive;

- at Napene site, correlations between the three
most abundant major elements and Pd are not
clearly defined (Fig. 13d-f). SiO,/Pd and
AL ©,/Pd show a relatively positive correlation
(Fig. 13e-f);

- at Mang North site, Fe,O, has a positive
correlation with Pd (Fig. 13g), meanwhile Si0,
and AL O, show a negative cotrelation with Pd
(Fig. 13h-i).

Pd behaviour. versus the three most abundant
major elements (Fe, Si, Al) is not uniform in the
weathering profiles-of the Lomié ultramafic
complex.

5. DISCUSSION
The high Pd contents in the coarse saprolite result
either from the supergene enrichment or secondary

Flgure 12a: Back-scattered electron i image of the fine saprolite (Mang Notth site).
At 189 i(}qut of the fine saprolite which is more weathered. We note the presence of Fe-oxides rich in

@%QP

Co (plot 3); Fe- Odecﬁ b
The black pqtchw reple

the 'v01db nct\vork

’ u—;
o -

of Ly llgehc zone Wthh contalns Mg, Si and Fe-oxides (plot 2); Mn-oxides rich in Fe, Al, Ni and
[ g and le(plot 4), rehc-" - f

ofmed.in situ gram of quartz»’ (plot 5).
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Pd precipitation processes (Salpéteur et al. 1995;
Wood and Middlesworth 2004). Wood and
Normand (2008) have shown that palladium 1s
mobilized as a chloride complex which can be
easily transported with oxidizing-buffering
- capacity. This process can also explain the
supergene enrichment of palladium in the
saprolite. The coarse saprolite possesses the most
favourable oxidizing conditions of PGE
supergene enrichment, like palladium (Azaroual
et al. 2001).

Plot 1

Plot 3

The low Pd contents observed in the loose
materials as well as the progressive decrease of
palladium contents from the saprolite zone to the -
clayey surface soil could be attributed to an intense
léziching (Augé et al. 1995; Salpéteur et al: 1995;
N i et al. 2004) or chemical dispersion (Evans
et al. 1994). The low Pd contents could be due to
its higher mobility relative to the other PGE
(Prichard and Lord 1994). These processes might
be facilitated by the infiltration of water charged
with organic ligands (acetate and oxalate) and C‘O2

Plot 2

Plot 4

Plot 5

Pigure 12b: Chemical microanalyses in finie saprolite (plots 1-5),
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percolating through the weathering profiles (Wood
1996; Wood and Middlesworth 2004). 4

‘In the hardened ma_t:é‘ri_alis,._vth‘e hlgh Pd conte:‘n,t.sv

could be favoured by the extremely hardened
nature of the ironi. Varajao et al. (2000) atttibuted
the high Pd contents of the ferricretes, at the
Maquiné Mine area (Brazil), to the highly
hardened nature of the iron, which also favours
quartz and hematite stability.

Salpéteur et al. (1995) showed that Pd behaviour
is similar to that of Siin the Madagascar laterites.
This hypothesis is verified in the Nkamouna and
Napene weathering matertals. Singh et al. (2002)
document that several metals like Ni, Cr, :Pd, Pt

are in the structures of Fe-oxides, the negative = .

correlation between Si and Pd, Aluminium and
palladium confirms that kaolinite or quartz can
not fixed some metals in theit structures. The
negative correlation between Fe,O, and Pd in the

)
i

Figure 13a i

e Il B

Nkamouna weathering materials shows that

supergene weathering concentrates Fe at the

bottom of profiles and sometimes palladium in
the nodules of the upper horizons. At Mang North,

- Fe,O, has a positive correlation with Pd. Traore

et. al (2006) have shown that Fe and Pd can be
depleted by eluviation processes. The dissolution
of palladium and Fe-oxides in the upper part of
profiles by otrganic ligands (acetate and oxalate)
could be at the origin of palladium supergene
enrichment in the coarse saprolite (Wood 1996).

6. CONCLUSIONS

1. The Pd behaviour in the three lateritic profiles
is complex. The elevated Pd contents in coarse
saprolite are due to the supergene enrichment
and secondary Pd precipitation processes.

2. The elevated Pd contents in nodules and
pisolitic iron duricrust are attributed to the
indurated nature of the iron.

; Fi ure 1 Figure 13c \
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Figure 13 : Binaty variation-in Fe,O, vs Pd, SiO, vs Pd, AL,O, vs Pd diagrams for the ultramafic
weathering materials: Nkamouna site (13a-c); Napene site (13d-f) and Mang Notth site (13g-1).
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3. Fe,O, versus Pd binary diagrams show a
negative correlation in the Nkamouna
weathered materials and a positive one in those
of Mang Notth. The SiO, versus Pd and ALO,
versus Pd binary diagrams present a positive
correlation in the Nkamouna and Napene
weathered materials, and negative one in the
Mang North profile.
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