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a  b  s  t  r  a  c  t

The  fresh  and  weathered  garnet  amphibolites,  from  the  Akom  II area  in  the  Archaean  Congo  Craton,  were
investigated  to  determine  the  S, Cu,  Ni, Cr, and  Au-PGE  values.  The  garnet  amphibolites  are  composed
of  amphibole,  plagioclase,  garnet,  quartz,  and  accessory  apatite,  spinel,  sericite,  pyrite,  chalcopyrite  and
non-identified  opaque  minerals.  The  presence  of  apatite,  sericite,  and two  generations  of  opaque  minerals
suggests  that  they  might  be  affected  by  hydrothermal  alteration.  They  are characterized  by  moderate
Al2O3,  Fe2O3,  CaO,  V, Zn,  and  Co contents  with  negative  Eu-  and  Ce-anomalies.  The  sulfur  concentrations
are variable  (380–1710  ppm).  According  to the sulfur  contents,  amphibolites  can  be  grouped  into  two:
amphibolites  with  low  contents,  ranging  between  380  and  520 ppm  (av.  =  457  ppm);  and  amphibolites
with  elevated  contents,  varying  from  1140  to  1710  ppm  (av.  =  1370  ppm).  Amphibolites  contain  contrast
amounts  of  Cu  (∼ 1800  to 5350  ppm)  while  nickel  contents  attain  121  ppm.  Chromium  contents  vary
from  43  to  194  ppm.  Sulfur  correlates  positively  with  Cu  and  Cr, but  negatively  with  Ni and  Ni/Cr  ratio.
The  total  Au-PGE  contents  attain  59  ppb.

The  presence  of  amphibole  and  feldspars  confirms  the  low  degree  of  amphibolite  weathering.  The sec-
ondary  minerals  are constituted  of  kaolinite,  gibbsite,  goethite  and  hematite.  Despite  the accumulation
of  some  elements,  the  major  and trace  element  distribution  is  quite  similar  to  that  of fresh  amphi-
bolites.  Nevertheless,  the  weathering  processes  lead to the  depletion  of  several  elements  such as S
(239–902  ppm),  Cu  (520–2082  ppm),  and  Ni  (20–114  ppm).  Chromium  and  Au-PGE show  an  opposite
trend  marked  by  a slight  enrichment  in  the  weathered  amphibolites.  Amidst  the  Au-PGE,  Pd  (60  ppb)  and
Pt  (23  ppb)  have  elevated  contents  in  the  fresh  rocks  as  well  as  in  the  weathered  materials.  The  PPGE  con-
tents  are  much  higher  than  IPGE  contents  in  both  types  of  materials.  The  Pd/Pt,  Pd/Rh,  Pd/Ru,  Pd/Ir,  Pd/Os,

and  Pd/Au  values  indicate  that  Pt, Rh,  Ru,  Ir,  Os  and  Au  are  more  mobile  than  Pd.  Chondrite-normalized
base  metal  patterns  confirm  the  abundance  of  Pd  and the  slight  enrichment  of  Au-PGE in  weathered
rocks.  Palladium,  Rh  and  Ir are  positively  correlated  with  S.  Conversely  Pt and  Ru  are  negatively  corre-
lated  with  S  and  Au  is not  correlated  with  S.  Despite  the  high  and  variable  S and  Cu contents,  the  garnet
amphibolites  possess  low  Au-PGE  and  other  base  metals  contents.

©  2017  Elsevier  GmbH.  All  rights  reserved.
. Introduction

Ultramafic rocks are the repository for platinum-group ele-
ents (PGE) (Satyanarayanan et al., 2011), as such, they contain

he five largest PGE deposits worldwide viz.: (i) Merensky reef

nd (ii) UG2 chromitite reefs of Bushveld complex, South Africa;
iii) Main Sulfide zone of the Great Dyke, Zimbabwe; (iv) Johns-

anville (JM) reef of the Stillwater complex, USA; and (v)

∗ Corresponding author.
E-mail address: lndjigui@yahoo.fr (P.-D. Ndjigui).

ttp://dx.doi.org/10.1016/j.chemer.2017.01.009
009-2819/© 2017 Elsevier GmbH. All rights reserved.
Noril’sk-Talnakh deposits, Russia (Cawthorn, 2005). The origin of
PGE-mineralization in these large ultramafic intrusions is usually
thought to be magmatic (Campbell et al., 1983). Mineralization
within such intrusions emanates from elemental fractionation pro-
cesses. This involves the preferential partitioning of the compatible
platinum-group elements which have affinity for iridium (IPGE)
from the incompatible platinum-group elements with high affinity
for palladium (PPGE) within immiscible sulfide liquids. As a result,

understandings of the origin of magmatic ore deposits are based
on these fractionation processes (Lesher and Stone, 1996). Some
mechanisms such as hydrothermal activities, metamorphism or
weathering processes can modify the concentrations of several ele-

dx.doi.org/10.1016/j.chemer.2017.01.009
http://www.sciencedirect.com/science/journal/00092819
http://www.elsevier.de/chemer
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chemer.2017.01.009&domain=pdf
mailto:lndjigui@yahoo.fr
dx.doi.org/10.1016/j.chemer.2017.01.009
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ig. 1. a. Geological map  of the Nyong unit (Lerouge et al., 2006). In the inset, the
econstruction; b. Geological map  of the Akom II area (Champetier de Ribes and Au

ents (e.g., S, Cu, Cr, Ni, and Au-PGE) from the initial magmatic
ock (Prichard et al., 1986; Boudreau et al., 1986; Zaccarini et al.,
005; Wang et al., 2008; Ndjigui and Bilong, 2010). The weathered
aterials developed on ultramafic rocks have been proven to be

haracterized by comparatively higher contents that may  go above
000 ppm for Au-PGE (Traoré et al., 2008).

Several geochemical surveys for Ni, Cu, Au, and PGE have been
arried out in Southern Cameroon on mafic-ultramafic rocks and
heir weathered products (e.g., Ndjigui et al., 2009; Ebah Abeng
t al., 2012; Sababa et al., 2015). This shows high Ni contents in
eridotites and moderate Pt and Pd contents in amphibolites. Pal-

adium and Pt have the highest contents which attain 83 ppb and
6 ppb respectively. In the pyroxenites, Au-PGE contents are rather

ow (Ebah Abeng et al., 2012). Nevertheless, the sulfur contents
ave not been scrutinized in the mafic-ultramafic rocks. The sulfur
aturation state in intrusive rocks is important for understanding
istribution of chalcophile elements such as PGE because of the
igh sulphide liquid-silicate liquid partition coefficients for chal-
ophile elements such as PGE (Barnes and Maier, 1999; Shellnutt
t al., 2015). This study is focused on geochemical investigation of
, Cu, Cr, Ni, and Au-PGE in the garnet amphibolites from the Akom
I area within the greenstone belt in Southern Cameroon.

. Regional geological setting

The Congo craton is a large sub-circular mass with a surface area
f about 5711 000 km2 (Shang et al., 2010). It is one of three large
ratons which form the basement of the African continent. It out-
rops in Central Africa and consists of several blocks of Archaean to
id Proterozoic age (Shang et al., 2007). The Congo craton is very

ell exposed in Southern Cameroon (Goodwin, 1991; Fig. 1a). It

s represented by the Ntem group which forms the north western
argin of the Archaean Congo craton. The Ntem complex comprises
esoarchaean greenstone formations and dolerite dykes (Shang
 area represents the extent of the Congo and São Francisco cratons on Gondwana
, 1956).

et al., 2010). This complex comprises from East to West three tec-
tonic units based on their ages and lithology (Maurizot et al., 1986;
Tchameni et al., 2004): Ntem, Nyong, and Ayina units (Fig. 1a).

The Ntem unit is Archaean in age and is subdivided: (i) Iron for-
mations associated to amphibolites (Teutsong et al., 2017); (ii) The
greenstone complexes (Maurizot et al., 1986; Ganno et al., 2015)
(Fig. 1a and b). The garnet amphibolites of Akom II area belong to
the Nyong unit. It corresponds to the northwestern remobilized and
restructured border of Congo Craton (Maurizot et al., 1986; Penaye
et al., 2004). The Nyong unit is made up of a foliated series and a
greenstone belt (Ganno et al., 2017): (i) the foliated series include
pyroxenites, migmatites, amphibolites and gneisses which outcrop
enormously in the studied area (Fig. 1b). This series is intruded
locally by mafic-ultramafic veins represented by gabbros, dolerites,
and peridotites. The Nyong unit is cross-cut by the greenstone belt
which is comprised of ferriferous quartzites, amphibolites, pyrox-
enites, leucocratic to mesocratic gneisses (Toteu et al., 1994; Fig. 1).

3. Sampling and analytical procedures

Nineteen samples were collected and crushed in the Depart-
ment of Earth Sciences (University of Yaoundé 1, Cameroon). Thin
sections were made in the University of Nancy (France) and in the
Department of Applied Geosciences and Geophysics (University of
Leoben, Austria). The observations under polarized light were done
at the Department of Earth Sciences (University of Yaoundé 1) and
under metallographic microscope at the Department of Applied
Geosciences and Geophysics (University of Leoben).

The mineralogical and geochemical compositions were deter-
mined at the Geoscience Laboratories of the Ontario Geological

Survey at Sudbury (Canada). The analytical procedures were pre-
viously described by several authors (e.g., Ebah Abeng et al.,
2012; Sababa et al., 2015). The mineral assemblage for the weath-
ered samples was identified by X-Ray Diffraction (XRD). X-Ray
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Fig. 2. Photographs and microphotographs of the selected samples: (a) photographs of the garnet amphibolite blocks; (b-f) photomicrographs of the garnet amphibolites
( Ser: se
c terpr
w

F
c
d
t
a

Am  = amphibole; Ap = apatite; Op = opaque minerals; Pl = plagioclase; Grt = garnet; 

ore  with red weathered rind; h: yellowish weathered block with black core). (For in
eb  version of this article.)

luorescence (XRF) was used to determine the major element con-
entrations after sample ignition. Samples were prepared by acid

ilution for the ICP-MS (Inductively Coupled Plasma-Mass Spec-
rometry) analyses for lithophile trace element concentrations by
cid digestion in closed beakers.
ricite; Sp: spinel); (g–h) photographs of the weathered amphibolites (g: large fresh
etation of the references to colour in this figure legend, the reader is referred to the

Sulfur, Cu, and Au-PGE analyses were done in the Earth’s Mate-
rials Laboratory at the University of Quebec at Chicoutimi (UQAC).

Whole-rock sulfur was  determined using an infrared HORIBA EMIA
220 V sulfur analyzer, using the method described by Bédard et al.
(2008). The relative standard deviation is less than 5% for samples
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Fig. 3. X-ray patterns of four weathered mate
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ith S content more than 500 ppm. Copper was determined by
tomic absorption spectrophotometry after aqua regia digestion.
u-PGE contents in the whole rock were determined by Ni-sulfide
re assay and Te co-precipitation followed by ICP-MS solution anal-
sis using the technique described in Savard et al. (2010).

. Results

.1. Petrography

.1.1. Petrography of fresh rocks
The garnet amphibolites are melanocratic and medium to coarse

rained (Fig. 2a). The main minerals are amphibole (green horn-
lende ∼55%), plagioclase (∼18%), garnet (∼15%), quartz (∼5%), and
ccessory apatite, spinel, sericite, and opaque minerals. The crystal
ize of amphibole is microblast and phenoblast which can attain

 mm in length. Some amphibolite crystals show micro-fractures
hich are progressively filled by opaque minerals (Fig. 2b). Plagio-

lase crystals present xenoblastic form of varied size (0.04–1 mm)

Fig. 2c). Plagioclase is often intermixed with quartz and spinel; it is
artially replaced by sericite (Fig. 2d). Sericite forms from the alter-
tion of plagioclase and appears as small scales or flakes (Fig. 2d).
arnet grains are porphyroblastic, globular with skeletal to sub
rials (K15, K16, K17, and K18 samples).

rounded crystals and occur as inclusions in amphibole (Figs. 2c and
d). Quartz occurs as microblast ranging from 0.06 to 0.3 mm in size
and is usually xenoblastic and stretched. Apatite crystals occur as
inclusion or in the interstices of amphibolites which recall a high-
temperature hydrothermal process (Fig. 2b). Two generations of
opaque minerals occur: the first occupies the interstices between
mineral grains (Figs. 2d and e); and the second as xenoblast form
of variable sizes with inclusions of spinel (Fig. 2f). The deforma-
tional features are suggestive of dynamic recrystallization due to
hydrothermal alteration. The detailed observations under metallo-
graphic microscope show the presence of chalcopyrite and pyrite
as opaque minerals.

4.1.2. Morphological and mineralogical features of weathered
amphibolites

The weathered amphibolites outcrop as blocks with irregular
forms under variable degree of weathering. They occur as isolated
blocks in the weathered mantle of the surrounding formations and
are zoned with a brownish weathered rim and dense massive fresh
core (Fig. 2g) or are weathered with black core (Fig. 2h). The mineral
assemblage is made up by amphibole, feldspars, quartz, kaolinite,
and accessory gibbsite, goethite and hematite (Fig. 3). The processes
of weathering involved here are hydrolysis and oxidation. The main
hydrolysis processes of feldspars are monosiallitization and to a
lesser extend allitization. Goethite and hematite result from the
oxidation of the ferromagnesian silicate minerals such as amphi-
bole. The presence of amphibole and feldspars is linked to the low
degree of the weathering processes.

4.2. Geochemistry

4.2.1. Garnet amphibolites
The SiO2 content of garnet amphibolites is in a range of a nor-

mal  mafic rock (44–49 wt.%). Garnet amphibolites are characterized
by moderate contents in Al2O3 (13–17 wt.%), Fe2O3 (14–20 wt.%),
and CaO (8–10 wt.%). Apart from the above mentioned elements,

other major elements have low contents (Table 1). Among the trace
element suites, transition metals such as V, Zn, and Co have signif-
icant concentrations (Table 1). REE content varies between 41 and
112 ppm. The LREE/HREE ratio values that range from 1.49 to 3.21
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Table  1
Distribution of major, trace and rare-earth elements in amphibolites.

dl K4 K10 EA K8R K11 K13

SiO2 (wt.%) 0.04 48.38 49.49 49.12 48.14 44.68 49.17
Al2O3 0.02 14.43 17.21 14.16 14.32 14.63 13.25
Fe2O3 0.01 16.45 15.45 14.99 14.26 20.03 19.80
CaO  0.01 9.58 10.45 10.22 10.69 11.22 8.73
MgO  0.01 5.87 3.81 6.44 6.97 5.78 4.70
Na2O 0.02 1.99 1.75 2.69 1.89 1.10 0.70
K2O 0.01 0.71 0.11 0.35 0.26 0.12 0.11
MnO  0.01 1.74 1.31 1.65 1.01 1.75 1.85
P2O5 0.01 0.31 0.22 0.21 0.22 0.29 0.29
TiO2 0.012 0.18 0.10 0.19 0.07 0.12 0.11
LOI  0.05 0.60 0.64 0.22 0.88 0.59 1.65
Total  – 100.26 100.53 100.27 98.73 100.32 100.27

Trace  (ppm) –
V 0.8 335.5 314.7 248.4 327.4 >370 >370
Zn  1.8 130 84 111 103 130 100
Co  0.13 60.72 46.4 543.7 57.2 66.7 49.2
Sc  1.1 37.2 36.3 38.2 46.0 50.8 47.3
Ba  0.8 135.3 18.5 79.2 41.2 35.2 36.3
Zr  6 153 52 92 41 52 67
Sr  0.6 135.8 145.1 120.3 80.1 53.3 27
Y  0.05 43.3 26.9 37.5 23.2 33.4 26.8
Li  0.4 10.5 3.7 6.4 2.5 2.2 2
Ga  0.04 19 21.51 18.98 16.67 20.31 18.18
Nb  0.03 7.09 4.07 5.57 2.87 5.07 5.56
Hf  0.14 3.37 1.64 2.45 1.25 1.68 2.06
Mo  0.08 0.76 0.34 0.4 0.37 0.39 0.47
Th  0.02 2.86 0.51 0.74 0.32 0.56 0.63
U  0.01 0.83 0.16 0.19 0.13 0.15 0.19
Pb  0.18 2.4 1.4 0.8 1.5 1.1 2.1
Rb  0.11 15.24 2.8 7.92 2.69 2.04 3.58
Ta  0.01 0.46 0.28 0.36 0.20 0.35 0.38
Be  0.04 0.6 0.38 0.72 0.4 0.38 0.38

REE  (ppm)
La 0.10 17.00 4.65 6.69 4.79 6.06 4.15
Ce  0.12 35.33 12.24 17.48 11.905 14.13 8.67
Pr  0.01 4.65 1.95 2.75 1.86 2.43 1.56
Nd  0.06 20.89 10.07 14.11 9.21 12.17 7.35
Sm  0.03 5.46 3.23 4.45 2.97 3.87 2.45
Eu  0.01 1.78 1.30 1.36 1.10 1.40 0.87
Gd  0.01 6.85 4.31 5.71 3.79 5.04 3.21
Tb  0.01 1.12 0.74 0.98 0.65 0.87 0.63
Dy  0.01 7.34 4.85 6.53 4.23 5.85 4.61
Ho  0.01 1.51 0.99 1.34 0.86 1.24 1.02
Er  0.01 4.45 2.91 4.02 2.49 3.66 3.22
Tm  0.01 0.63 0.42 0.58 0.35 0.54 0.48
Yb  0.01 3.99 2.69 3.79 2.29 3.51 3.15
Lu  0.01 0.59 0.40 0.57 0.34 0.53 0.48
REE  – 111.509 50.75 70.36 46.88 61.30 41.85
LREE  – 85.11 33.44 46.84 31.88 40.06 25.05
HREE  – 26.48 17.31 23.52 15.00 21.24 16.80
LREE/HREEE – 3.21 1.93 1.99 2.13 1.89 1.49
(La/Yb)N – 2.89 1.17 1.20 1.42 1.71 0.89
Ce/Ce* – 0.96 0.98 1.00 0.97 0.89 0.82
Eu/Eu* – 0.89 1.06 0.82 1.00 0.97 0.95

dl: detection limits.
C
E
(

e
l
d
(
R
c
c
E

A
s
a

e/Ce* = (Cesample/Cechondrite)/(Lasample/Lachondrite)1/2(Prsample/Prchondrite)1/2.
u/Eu* = (Eusample/Euchondrite)/(Smsample/Smchondrite)1/2(Gdsample/Gdchondrite)1/2.
La/Yb)N = (Lasample/Lachondrite)/(Ybsample/Ybchondrite).

xhibit the LREE-abundance relative to the HREE. The amphibo-
ites from Akom II area are also characterized by low fractionation
egree of REE revealed by the low (La/Yb)N ratio values (0.89-2.89)
Table 1). The chondrite-normalized (McDonough and Sun, 1995)
EE patterns show (Fig. 4): (i) REE-enrichment compared to the
hondrite values; (ii) flat REE patterns apart from sample K4 which
onfirms the LREE-enrichment; and (iii) slight negative Ce- and
u-anomalies (Ce/Ce* = 0.82; Eu/Eu* = 0.82).
The concentrations of S, Cu, Ni, and Cr are listed in Table 2.
ccording to the sulfur contents, garnet amphibolites have been
ubdivided into two groups: amphibolites with high S contents
nd amphibolites with moderate S contents. The high S contents
range between 1140 and 1710 ppm (average = 1370 ppm) whereas
the low ones are between 380 and 510 ppm with an average of
457 ppm. Average contents of Cu, Ni, and Cr are 3310, 89, and
109 ppm, respectively (Table 2). Ni/Cr ratios are variable with the
average less than 1. Conversely, the Cu/(Cu + Ni) ratios are very close
to 1 (Cu/(Cu + Ni) ∼0.97) (Table 2). Sulfur correlates positively with
Cu, Ni, and Cr (Fig. 5a–c) and negatively with Ni/Cr ratio (Fig. 5d).

The total PGE contents vary between 7 and 44 ppb. Palladium

and Pt are the most abundant PGE (32.96 ppb for Pd and 13.18 ppb
for Pt) (Table 2). The gold contents are up to 7.97 ppb. The total Au-
PGE contents come up to 52 ppb. The garnet amphibolites are highly
enriched in PPGE than IPGE (PPGE/IPGE = 11 ∼ 84). They have higher
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Table  2
S. Cu, Ni, Cr, and Au-PGE concentrations and elemental ratios in garnet amphibolites.

dl with high S contents with low S contents

K4 K10 EA Av1 K8R K11 K13 Av2

S (ppm) – 1710 1260 1140 1370 480 380 510 457
Cu  – 5350 1990 2720 3353 2970 3830 1800 2867
Ni  1.6 111.9 50.5 121.9 94.77 103.8 86.3 57.1 82.4
Cr  3 110 43 194 116 159 75 73 102
Ni/Cr  – 1.02 1.17 0.63 0.94 0.65 1.15 0.78 0.86
Cu/(Cu + Ni) – 0.98 0.98 0.96 0.97 0.97 0.98 0.97 0.97
Os  (ppb) 0.07 <dl 0.10 0.11 0.11 0.19 <dl <dl 0.19
Ir  0.03 0.20 0.16 0.09 0.15 0.14 <dl 0.05 0.10
Ru  0.12 0.16 0.27 0.18 0.20 0.29 0.33 <dl 0.31
Rh  0.08 0.93 0.13 0.21 0.42 0.44 0.68 0.16 0.43
Pt  0.08 13.18 2.11 6.28 7.19 12.45 9.63 5.18 9.09
Pd  0.47 16.11 3.64 8.63 9.46 16.21 32.96 6.50 18.56
Au  0.48 1.62 0.99 1.72 1.44 2.08 7.97 2.08 4.04
PGE  – 30.58 6.41 15.50 17.50 29.72 44.28 12.05 28.68
Au-PGE – 33.82 8.39 18.94 20.38 31.80 51.57 13.97 32.45
Pd  + Pt – 29.29 5.75 14.91 16.65 28.66 42.59 11.68 27.64
Pd  + Pt + Au – 30.91 6.74 16.63 18.09 30.74 50.56 13.76 31.69
Pd/Pd  + Pt – 0.55 0.63 0.58 0.59 0.57 0.77 0.56 0.63
Au/Pd  + Pt – 0.06 0.17 0.12 0.12 0.07 0.19 0.18 0.15
IPGE  – 0.36 0.53 0.38 0.42 0.62 1.01 0.21 0.61
PPGE  – 30.22 5.88 15.12 17.07 29.10 43.27 11.84 28.08
PPGE/IPGE – 83.94 11.09 39.79 44.94 46.94 42.84 56.38 48.72
Pd/Os  – – 36.40 78.45 57.43 85.32 – – 85.32
Pd/Ir  – 80.55 22.75 95.89 66.40 115.79 – 130.00 122.90
Pd/Ru  – 100.69 13.48 47.94 56.60 55.90 99.88 – 77.89
Pd/Rh  – 17.32 28.00 41.10 28.81 36.84 48.47 40.63 41.98
Pd/Pt  – 1.22 1.73 1.37 1.44 1.30 3.42 1.25 1.99
Pd/Au  – 9.94 3.68 5.02 6.21 7.79 4.14 3.13 5.02
Pd/(Pd + Pt) 0.55 0.63 0.58 0.57 0.57 0.77 0.56 0.63

dl: detection limits.
Av.: Average contents (n = 3).
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ig. 7. Chondrite-normalized (McDonough and Sun, 1995) base metal (Au, PGE, Cr,
u, and Ni) patterns for amphibolites.

d/Pt ratios (average Pd/Pt = 1.72) than the mantle (Pd/Pt = 0.53;
arnes et al., 1988). The Pd/Ir values are mostly higher (Pd/Ir = 1.74-
30) than in the mantle (Pd/Ir = 1; Barnes et al., 1988). The Pd/Pt,
d/Rh, Pd/Ru, Pd/Ir, Pd/Os, and Pd/Au values are higher than 1, indi-
ating the high mobility of Ir, Ru, Rh, Os, Au and Pt relative to Pd
Table 2). The Pd/(Pd + Pt) values are low and constant (average
d/(Pd + Pt) = 0.61) (Table 2). Sulfur has no correlation with Pd, Pt,
nd Rh (Figs. 6a–c), but is positively correlated with Ir (Fig. 6e) and
egatively with Ru and Au (Fig. 6d and f).

The chondrite-normalized (McDonough and Sun, 1995) base
etal patterns show a strong enrichment in Cu and Ni relative to
u-PGE; and an accumulation of Rh, Pt, Pd, and Au relative to Os,

r, and Ru (Fig. 7).
.2.2. Weathered amphibolites
SiO2, Zn, REE contents of weathered amphibolites are lower than

hose of fresh samples. Conversely, Cr, V, Al2O3, Fe2O3 are accumu-
ated in weathered amphibolites of Akom II area (Tables 3 and 4).
The binary diagrams indicate negative correlations between SiO2
and Al2O3, Fe2O3, MnO  and Ti2O (Fig. 8a–d), and positive corre-
lations between SiO2 and CaO, MgO, Na2O and P2O5 (Fig. 8e-h).
In addition, these diagrams reveal that Al, Fe, Mn  and Ti are
accumulated while Si, Ca, Mg,  Na and P are leached during
weathering processes. The lanthanide normalized spectra rela-
tive to chondrite (McDonough and Sun, 1995) reveal (Fig. 9;
Table 3): (i) negative Eu-anomalies (Eu/Eu* ∼ 0.75–0.86); (ii) nega-
tive Ce-anomalies (Ce/Ce* ∼ 0.58–0.83); (iii) positive Ce-anomalies
(Ce/Ce* ∼ 1.22–4.08); (iv) LREE-abundance relative to the HREE; (v)
and low (La/Yb)N ratios that range between 0.95 and 6.80.

The weathered samples are also characterized by variable S
and Cu contents. The S contents vary between 239 and 902 ppm
(Table 4). Copper contents range from 520 to 2150 ppm. Nickel
and Cr contents are low, ranging from 109-114 ppm for Ni, and
20–114 ppm for Cr. Average contents of S, Cu, Ni, and Cr in the
weathered samples include 548, 1432, 79 and 204 ppm respectively
(Table 4). Sulfur correlates positively with Cu (Fig. 5a); negatively
with Ni (Fig. 5b); and positively with Cr (Fig. 5c). The negative cor-
relation occurs also between sulfur and Ni/Cr ratio in the weathered
amphibolites (Fig. 5d).

The Au-PGE contents are higher in weathered samples than in
the fresh ones. The total PGE contents range between 11 and 93 ppb
with Pt and Pd abundances (Table 4). The Au contents are very low
and less than 1 ppb in three samples and up to 27 ppb in the oth-
ers (Table 4). The total Au-PGE contents vary between 13 and 117
ppb. The weathered rocks are enriched in PPGE (16–77 ppb) than
IPGE (0.26–2.11 ppb). The values of Pd/Pt, Pd/Ru, Pd/Ir, Pd/Rh and
Pd/Au ratios can be used to disentangle the various mobilities of

Au-PGE within weathered rocks (e.g., Bowles et al., 1994; Ndjigui
and Bilong, 2010; Sababa et al., 2015). The Pd/Ru Pd/Ir, Pd/Rh, and
Pd/Au ratios are greater than 1. This suggests that: (i) Ir, Ru, Rh and
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Table 3
Distribution of major, trace and rare-earth elements in weathered amphibolites.

dl K1 K3 K6 K7 K17 K2 K9 K12 K14 K15 K16 K8W K18

SiO2 (wt.%) 0.04 26.71 37.08 49.11 34.26 38.29 38.14 48.55 47.49 25.3 28.74 45.22 37.15 42.25
Al2O3 0.02 24.17 16.53 13.15 15.35 18.48 16.73 15.93 14.50 21.49 19.95 14.34 16.69 15.65
Fe2O3 0.01 27.06 27.11 25.19 32.75 24.66 24.53 15.90 17.15 30.86 30.99 20.55 23.51 24.30
CaO  0.01 0.86 2.80 0.04 0.45 1.85 3.56 9.65 9.29 1.01 0.44 4.13 5.93 4.48
MgO  0.01 1.03 2.27 0.49 0.39 1.69 2.72 4.99 6.10 0.85 0.44 3.41 5.00 2.60
Na2O 0.02 0.13 0.42 0.02 0.06 0.21 0.58 1.69 1.26 0.13 0.05 0.52 0.80 0.43
K2O 0.01 0.69 0.24 0.81 0.41 0.21 0.19 0.17 0.17 0.15 0.30 0.32 0.24 0.41
MnO  0.01 2.79 2.02 1.96 2.93 1.88 2.52 1.34 1.28 3.25 2.98 1.76 1.59 2.68
P2O5 0.01 0.19 0.18 0.15 0.06 0.09 0.18 0.22 0.25 0.08 0.03 0.18 0.18 0.33
TiO2 0.01 0.25 0.17 0.15 0.24 0.11 0.15 0.07 0.08 0.22 0.23 0.09 0.08 0.15
LOI  0.05 15.39 10.75 7.13 12.46 12.04 9.54 1.62 2.39 15.75 14.91 8.07 8.90 6.59
Total  – 99.31 99.63 99.24 99.38 99.56 98.89 100.11 99.96 99.14 99.10 98.63 100.11 99.87

Trace  (ppm) –
V 0.8 >370 >370 103.6 >370 >370 >370 >370 355.6 >370 >370 353.0 >370 >370
Zn  1.8 54 71 51 38 71 98 100 105 45 35 68 91 155
Co  0.13 40.45 34.01 18.45 57.18 35.23 42.86 50.17 51.79 13.12 9.57 31.04 43.75 35.23
Sc  1.1 46.4 39.7 34.0 44.3 51.3 42.8 39.7 46.5 55.7 53.4 37.8 47.2 44.9
Ba  0.8 84.4 58.1 305.5 117.4 104.4 128.6 24.8 27.3 45.1 96.0 60.2 41.2 53
Zr  6 187 107 185 209 93 169 50 40 126 183 91 65 93
Sr  0.6 8.3 21 4.1 7.6 11.4 37.5 99 57.3 9.4 13.1 23.5 19 38.1
Y  0.05 4.87 13.42 1.7 3.53 6.23 16.54 20.17 20.69 5.12 7.57 14.84 10.26 18.11
Li  0.4 8.1 3.4 10.6 2.7 4.5 4.1 4.8 4.0 1.2 1.6 2.4 2.5 6.4
Ga  0.04 34.73 30.74 26.8 37.16 31.09 28.25 20.61 18.2 35.6 37.65 22.78 27.01 21.79
Pb  0.18 39.8 27.3 18 24.1 17.3 110.7 2.2 2.4 19.3 17.9 10.1 16.4 11.4
Rb  0.11 2.78 8.91 46.23 9.43 5.78 11.41 3.73 2.78 2.62 7.94 5.49 3.95 9.07
Nb  0.03 11.97 5.68 8.1 11.34 8.87 7.9 3.64 3.62 10.14 9.08 5.62 4.54 6.75
Hf  0.14 5.02 3.1 4.99 5.62 2.84 4.43 1.52 1.35 3.75 4.91 2.68 2.05 2.59
Mo  0.08 1.53 0.84 1.06 1.34 0.46 0.95 0.25 0.32 13.37 1.49 0.94 0.80 0.37
Th  0.02 3.68 1.44 1.7 6.71 1.82 1.83 0.57 0.45 1.67 1.58 2.35 1.40 2.82
U  0.01 1.24 0.67 1.01 1.59 0.9 0.78 0.16 0.14 0.73 0.86 0.71 0.52 0.86
Ta  0.01 0.77 0.39 0.42 0.8 0.69 0.51 0.24 0.25 0.63 0.56 0.39 0.31 0.45

REE  (ppm) –
La 0.10 1.29 3.83 2.96 3.51 6.78 9.53 4.46 3.72 3.01 8.61 15.58 1.68 7.06
Ce  0.12 13.81 10.73 7.76 13.95 9.26 26.48 10.55 9.25 8.94 16.40 18.44 7.64 19.14
Pr  0.01 0.52 1.12 0.65 0.91 1.75 2.37 1.70 1.48 0.91 2.66 3.84 0.72 2.04
Nd  0.06 2.44 4.98 2.26 3.60 6.68 9.98 8.21 7.58 4.16 11.49 15.61 3.60 8.76
Sm  0.03 0.83 1.43 0.47 0.96 1.79 2.57 2.65 2.48 1.25 3.05 3.67 1.20 2.45
Eu  0.01 0.24 0.39 0.13 0.25 0.56 0.76 1.00 0.85 0.35 0.91 1.00 0.47 0.86
Gd  0.01 0.95 1.75 0.38 0.80 1.57 2.96 3.38 3.15 1.24 3.02 3.63 1.55 2.86
Tb  0.01 0.17 0.33 0.07 0.14 0.27 0.50 0.57 0.56 0.22 0.45 0.56 0.29 0.50
Dy  0.01 1.18 2.32 0.46 0.87 1.72 3.20 3.74 3.72 1.37 2.49 3.39 1.94 3.39
Ho  0.01 0.24 0.53 0.09 0.17 0.32 0.63 0.75 0.78 0.26 0.40 0.64 0.41 0.71
Er  0.01 0.80 1.70 0.30 0.50 0.96 1.83 2.24 2.34 0.75 1.00 1.81 1.26 2.12
Tm  0.01 0.13 0.26 0.06 0.08 0.15 0.26 0.31 0.34 0.11 0.14 0.27 0.18 0.31
Yb  0.01 0.92 1.82 0.44 0.58 1.05 1.67 2.06 2.32 0.78 0.86 1.77 1.19 2.03
Lu  0.01 0.15 0.27 0.07 0.09 0.15 0.25 0.31 0.34 0.11 0.12 0.25 0.18 0.29
REE  – 23.67 31.46 16.10 26.41 32.86 62.99 41.93 38.57 23.46 51.60 70.46 22.31 52.52
LREE  – 19.13 22.48 14.23 23.18 26.82 51.69 28.57 25.36 18.62 43.12 58.14 15.31 40.31
HREE  – 4.54 8.98 1.87 3.23 6.19 11.3 13.36 13.55 4.84 8.48 12.32 7.00 12.21
LREE/HREEE – 4.21 2.50 7.61 7.18 4.33 4.57 2.14 1.87 3.85 5.08 4.72 2.19 3.30
Ce/Ce* – 4.08 1.25 1.35 1.89 0.65 1.35 0.93 0.95 1.31 0.83 0.58 1.68 1.22
Eu/Eu* – 0.82 0.75 0.94 0.87 1.02 0.84 1.02 0.93 0.86 0.91 0.84 1.05 0.99
(La/Yb)N – 0.95 1.43 4.57 4.11 4.39 3.88 1.47 1.09 2.62 6.80 5.98 0.96 2.36

dl: detection limits.
Ce/Ce* = (Cesample/Cechondrite)/(Lasample/Lachondrite)1/2(Prsample/Prchondrite)1/2.
Eu/Eu* = (Eu /Eu )/(Sm /Sm )1/2(Gd /Gd )1/2.
(
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La/Yb)N = (Lasample/Lachondrite)/(Ybsample/Ybchondrite).

u are more mobile than Pd in the weathered amphibolites; (ii) Ir
s highly mobile compared to other Au-PGE; (iii) Ru is more mobile
han Rh which is in turn more mobile than Au; (iv) Pt is slightly more

obile than Pd, except for K7 and K18 samples (Table 4). However,
he Pd/Pt values are higher than 1 in certain samples. This indicates
he contrast Pt behavior during the weathering processes (Table 4).
alladium, Rh, Ru and Ir are positively correlated with S (Fig. 6a, c,

 and e). Conversely, the correlation is negative between platinum

nd sulfur (Fig. 6b).

The chondrite-normalized (McDonough and Sun, 1995) base
etal patterns reveal the abundance of Cu, Pd and Ni in the
weathered amphibolites (Fig. 10a). The chondrite-normalized
(McDonough and Sun, 1995) patterns for average contents of the
weathered and fresh rocks follow the same trends and reveal the
slight enrichment in PGE probably caused by low degree of amphi-
bolite weathering (Fig. 10b). As for the fresh rocks, Os, Ir and Ru are
depleted (Fig. 10a and b). In fact, PPGE are more mobile than IPGE
during the early stage of weathering. This suggests that the pro-
cesses that lead to PGE-, Ni- and Cu-abundance are quite different.
Gold, Ru, Rh, Pt, Pd, and Cr are positively correlated in the Grant’s
isocon diagram (Grant, 1986, 2005), which is used to graphically
identify the most immobile elements (Fig. 11). The diagram con-



B.A. Aye et al. / Chemie der Erde 77 (2017) 81–93 89

Table  4
S, Cu, Ni, Cr, and Au-PGE contents in the weathered amphibolites.

dl K1 K3 K6 K7 K17 K2 K9 K12 K14 K15 K16 K8W K18 Av.

S (ppm) – 699.45 598.04 370.72 865.06 586.91 399.55 482.61 358.52 902.18 810.58 348.03 469.13 239.15 548
Cu  – 2082 1770 520 950 1350 2150 1500 1380 1500 1420 1550 860 1580 1432
Ni  1.6 53.8 90.1 20.8 47.3 109.6 103.7 73.5 97.7 71.8 84 106.9 114.3 49.5 789
Cr  3 213 358 60 131 200 295 70 96 388 272 239 261 63 204
Ni/Cr  – 0.25 0.25 0.35 0.36 0.55 0.35 1.05 1.02 0.19 0.31 0.45 0.44 0.79 0.49
Cu/(Cu + Ni) – 0.97 0.95 0.96 0.95 0.92 0.95 0.95 0.93 0.95 0.94 0.93 0.88 0.97 0.94
Os  (ppb) 0.07 <dl <dl <dl <dl 0.19 <dl 0.07 0.15 <dl <dl <dl 0.22 <dl 0.16
Ir  0.03 0.27 <dl <dl <dl 0.15 <dl 0.07 0.15 <dl <dl <dl 0.22 <dl 0.17
Ru  0.12 0.40 0.53 0.23 <dl 0.43 0.39 0.14 0.18 0.51 0.60 0.54 0.52 <dl 0.41
Rh  0.08 1.33 1.04 0.51 0.16 0.59 0.96 0.18 0.51 1.31 1.51 1.40 0.78 0.26 0.81
Pt  0.08 18.58 18.51 6.99 9.98 18.24 11.90 4.85 16.53 15.12 18.44 22.87 22.04 17.00 15.47
Pd  0.47 26.14 48.61 18.79 5.95 21.14 33.64 5.79 21.16 42.57 55.59 46.31 23.45 6.94 27.39
Au  0.48 3.80 24.34 4.58 1.38 1.62 6.07 0.89 0.88 0.95 1.75 26.59 1.68 0.80 5.79
PGE  – 46.72 68.69 26.52 16.09 40.74 46.89 11.10 38.68 59.51 76.14 71.12 47.23 24.20 44.13
Au-PGE – 50.52 93.03 31.10 17.47 42.36 52.96 11.99 39.56 60.46 77.89 97.71 48.91 25.00 49.92
IPGE  – 0.67 0.53 0.23 – 0.77 0.39 0.28 0.48 0.51 0.60 0.54 0.96 – 0.54
PPGE  – 46.05 68.16 26.29 16.09 39.97 46.50 10.82 38.20 59.00 75.54 70.58 46.27 24.20 43.67
PPGE/IPGE – 68.73 128.60 114.30 – 51.91 119.23 38.64 79.58 115.69 125.90 130.70 48.19 – 92.86
Pd/Pt  – 1.42 2.63 2.69 0.60 1.16 2.83 1.19 1.28 2.82 3.01 2.02 1.06 0.41 1.78
Pd/Ir  – 96.81 – – – – – 82.71 141.07 – – – 106.59 – 106.80
Pd/Os  – – – – – 111.26 – 82.71 141.07 – – – 106.59 – 110.41
Pd/Ru  – 65.35 91.72 81.70 – 49.16 86.26 41.36 117.56 83.47 92.65 85.76 45.10 – 76.37
Pd/Rh  – 19.65 46.74 36.84 37.19 35.83 35.04 32.17 41.49 32.50 36.81 33.08 30.06 26.69 34.16
Pd/Au  – 6.88 2.00 4.10 4.31 13.05 5.54 6.51 24.05 44.81 31.77 1.74 13.96 8.68 12.88
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l: detection limits.
v. = Average contents (n = 13).

rms PGE-abundance in the weathered samples revealed by the
hondrite-normalized base metal patterns (Fig. 10b). Osmium, Ir,
u, Ru Rh, Pt, Pd, and Cr show enrichment while Ni, Cu and S are
lightly depleted (Fig. 11).

. Discussion

.1. Petrography and geochemistry of fresh rocks

The garnet amphibolites from Akom II area are derived from
afic igneous rocks and result from a prograde metamorphism

Ebah Abeng et al., 2012). The presence of sulfide minerals (chal-
opyrite and pyrite), sericite and to a lesser extent apatite in garnet
mphibolites suggest that they might be affected by hydrother-
al  events (Sharrad et al., 2014). Meanwhile, Si, Al, Fe, Ca, Cr, V,

n, Ni, Cu, and Co have significant contents. The geochemical data
onfirm the mafic nature of rocks. The low LREE/HREE ratios could
e related to the partial melting phenomena of source protoliths
Bilong et al., 2011) with garnet among the residual phases (Nzenti
t al., 2006). The sample K4 with high LREE contents may  not experi-
nce these phenomena. The negative Eu-anomalies could be linked
o the plagioclase fractionation (Lee et al., 2009) while the nega-
ive Ce-anomalies might reflect removal of Ce during hydrothermal
lteration.

The sulfur content of the investigated rocks could also be related
o the S contents of the silicate magma  (Wallace and Carmichael,
992). Hydrothermal events affected the distribution of sulfur.
hus, the low sulfur contents may  be due to a first episode of
ydrothermal activities. However the relatively higher sulfur val-
es (1705 ppm) suggest another episode of hydrothermal activities
ich in S (Puchtel et al., 1995).

The samples that have undergone the maximum sulfur removal
re not necessarily those that have the highest PGE and other base
etal contents. These observations imply that the processes that

riggered the S removal and the PGE and base metal enrichment

r remobilization are probably distinct (Godel and Barnes, 2007;
odel et al., 2007). Otherwise, direct measurement of sulfur con-

ents in samples has in many cases been considered unreliable
ecause of the volatile and mobile nature of S which is lost dur-
ing magma  degassing or low temperature alteration (e.g., Bai et al.,
2012; Naldrett et al., 2012). The high Cu contents are also asso-
ciated to different episodes of the hydrothermal activities (Zhou
et al., 2004) and might also result to the presence of chalcopyrite
(CuFeS2) (Godel et al., 2007). The low Ni contents and the Ni/Cr
values may  reflect the lack of Ni-bearing minerals like olivine in
garnet amphibolites (Sababa et al., 2015). In addition, Ir, Pd and Cu
are strongly partitioned into sulphide phases compared to Ni, Cu
and Zr, respectively, under S-saturated conditions (Shellnutt et al.,
2015). The mineralization episodes may  be syn-metamorphic in
origin or alternatively, they are part of a pre-metamorphic event
and underwent recrystallization during metamorphism (Sharrad
et al., 2014).

Garnet amphibolites are richer in Pd, Pt, and Au compared to
other mafic-ultramafic rocks (Gueddari et al., 1994; Ebah Abeng
et al., 2012; Sababa et al., 2015). Palladium, Pt, and Au might be
concentrated in the amphibolites by ascending hydrothermal fluids
(Naldrett et al., 2008). Alard et al. (2000) showed that during partial
melting of the mantle, base metal sulfides (BMS) melt incongru-
ently to produce Cu-Ni-rich sulfide melt that concentrates Pd and
Pt. Godel and Barnes (2007) explained the high Pd and to a lesser
extent Pt enriched samples (high Pd/Pt or Pd/Ir ratios, e.g., K13).
According to Godel and Barnes (2007), during hydrothermal pro-
cess, a new fluid percolated through the cumulate pile and removed
Pd and Pt from the footwall. As the fluid migrated, it could have
reacted with the sulfides and precipitated Pd and Pt in the micro-
fractures. This similar signature suggests that the high Pd and Pt
contents in garnet amphibolites could have been leached out from
other sources. This may  also suggest that Pd could be distributed
in sulfide minerals (Paśava et al., 2010) or transported as bisulfide
complexes in acidic-neutral solutions under reduced and moderate
oxidation conditions at 300 ◦C (Barnes and Liu, 2012) and dissemi-
nated in the whole rocks. The garnet amphibolites present overall
low Au-PGE contents which often attain only tens of ppb, particu-
larly low Os, Ir, Ru, and Rh contents. These contents are similar to

other findings on Au-PGE in Southern Cameroon (Ebah Abeng et al.,
2012). The depletion of Au-PGE could result from the mobility of
PGE during hydrothermal alteration (Ahmed et al., 2009). The PGE
data confirms the heterogeneity of PGE distribution in the Earth’s
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antle (Xu et al., 1998). The low PGE contents suggest that the gar-
et amphibolites formed from the silicate magma  that had already
xperienced prior-sulfide separation (Song et al., 2009), or the low
roportion of PGE-carriers (Lorand and Alard, 2001) or to the deple-
ion during hydrothermal events (Satyanarayanan et al., 2011; Hao
t al., 2014).

Garnet amphibolites are enriched in PPGE over IPGE. According
o Ahmed et al. (2009) and Ismail et al. (2010), the high difference
n the contents of PPGE and IPGE may  be due to PGE fractionation.
he low Ir, Ru, and Rh contents could be due to their extremely lim-
ted hydrothermal mobility (Barnes and Liu, 2012). The high PPGE
nrichment is possibly due to partial melting of the upper man-
le under ultra-high temperature metasomatic conditions. The fact

hat the rocks are poor in IPGE compared to Pt and Pd show that
t and Pd were enriched by hydrothermal fluids, since the IPGE are
onsidered as relatively immobile in fluids compared to Pt and Pd
Mountain and Wood, 1988; Hsu et al., 1991; Fleet and Wu,  1993).

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Fig. 9. Chondrite-normalized (McDonough and Sun, 1995) REE patterns for weath-
ered amphibolites.
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Fig. 10. Chondrite-normalized (McDonough and Sun, 1995) base metal patterns for:
(a)  weathered amphibolites; and (b) average contents for the fresh and weathered
samples.
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he high Pd/Ir ratios confirm a hydrothermal origin (Bleeker, 1990).
he positive correlation between S and iridium (Fig. 3f) does not
old for any of the other PGE or Cu. This would seem to indicate
hat iridium is not fractionated from sulfur minerals under a wide
ange of conditions that lead to the mobilization sulfides in the
ock (Good and Naldrett, 1993). The contrast behavior of Au-PGE
nd S seems to indicate that the garnet amphibolites were affected
y another hydrothermal episode deposition containing PGE in the
reenstone belt of Southern Cameroon. The garnet amphibolites
rom the greenstone belt are enriched in Pd and Cu, and depleted
n Ni and Ir, similarly to that of the Proterozoic Donaldson West and
atiniq deposits of the Cape Smith belt (Good and Naldrett, 1993).
he amphibolites of the Akom II area in the greenstone belt exhibit

ore fractionated Pd/(Pd + Pt) and Cu/(Cu + Ni) ratios than those

f the Thompson belt (Good and Naldrett, 1993). However, both
elts show similar less fractionated Pd/Ir ratios (Good and Naldrett,
993).
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5.2. Petrography and base metal geochemistry of weathered
amphibolites

The macroscopic aspects of the weathered blocks and the pres-
ence of primary minerals such as amphibole and feldspars indicate
that the garnet amphibolites of Akom II area are in the early stage
of the weathering processes (Delvigne, 1998). This is confirmed by
the fresh core of several weathered samples. The low contents in
several major and trace elements such as Si, Ca, Mg, Na, P Zn, REE are
characteristic of weathering processes (Beauvais, 2009). The accu-
mulation of Al, Fe, Mn,  Ti, Cr and V might be linked to the stability
of newly crystalline secondary minerals like kaolinite, gibbsite, and
goethite (Manceau et al., 2000; Singh et al., 2002). The positive and
negative Ce-anomalies could result from the variability of oxidiz-
ing conditions (Neal and Taylor, 1989). The negative Eu-anomalies
could be inherited from the fresh rocks or due to the weathering of
plagioclase.

The higher PGE contents could be due to the presence of
goethite in which PGE can be trapped (Wimpenny et al., 2007).
The IPGE/PPGE values are also higher in weathered rocks than in
the fresh ones. This is due to the high mobility of PPGE during
weathering processes (Cabral et al., 2007). The relative high IPGE
contents might be caused by the low degree of weathering (Auge
and Legendre, 1994; Fonseca et al., 2009). The negative correlation
between S and Ni, and S with Ni/Cr reveals the opposite behavior of
both base metals during the weathering processes contrary to the
correlation between S and Ir. Sulfur and iridium are highly leached
in the supergene environment.

The positive correlation of Au, Ru, Rh, Pt, Pd, and Cr in the
Grant’s isocon diagram suggests that these base metals have sim-
ilar behavior during the weathering processes. The depletion in
Ni, Cu and S means that they are more soluble in their oxidized
form. Conversely, Os, Ir, Au, Ru Rh, Pt, Pd, and Cr are less soluble in
their oxidized form too (Berger et al., 2015). According to Fu et al.
(2015), the accumulation of Au-PGE in weathered samples could
be strongly linked to the presence of organic matter.

The fresh and weathered garnet amphibolites from the Akom II
area have very similar geochemical features for base metals (S, Cu,
Ni, and Au-PGE). These materials are at their early stage of weather-
ing and are not too differentiated despite their variable S contents.
According to several authors (e.g., Cabral et al., 2007; Suarez et al.,
2010; Ndjigui and Bilong, 2010; Ebah Abeng et al., 2012; Sababa
et al., 2015), platinum-group elements are also remobilized in geo-
logical materials in their early stage of weathering.

6. Conclusions

1. The garnet amphibolites are composed of amphibole, plagio-
clase, garnet, quartz, and accessory apatite, spinel, sericite,
pyrite, chalcopyrite, and non-identified opaque minerals.
Hydrothermal alteration leads to dynamic recrystallization.

2. The geochemical features which are depleted in many major
and trace elements including REE are those of basic rocks.
Garnet amphibolites are characterized by negative Eu- and Ce-
anomalies.

3. The S contents are variable in the fresh rocks. The amphibolites
have high Cu and low Au-PGE contents. The low Ni contents are
linked to the absence of Ni-bearing minerals.

4. The weathered samples have low Si, Ca, Mg,  Na, P, Zn, REE con-

tents and high Al, Fe, Mn,  Ti, Cr, and V contents compared to
the fresh materials. The Grant’s isocon diagram confirms the Au-
PGE abundance and reveals that Au, PPGE, and Cr are the most
immobile elements.



9 e der E

5

A

f
w
C
a
s
a
G
o
c
a

R

A

A

A

B

B

B

B

B

B

B

B

B

B

B

C

C

C

2 B.A. Aye et al. / Chemi

. The hydrothermal alteration infers the leaching of several ele-
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to form workable deposits.
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