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Abstract Somie-Ntem area of the Tikar plain belongs to
the western Cameroon Domain. The lithology of the plain
has been characterized, and the mineral potential is still
unclear despite previous reports on Sn deposit within one
of the magmatic complexes. Our results show two groups
of granitic rocks displaying oxidized and reduced charac-
ter; (1) mesocratic (oxidized) granites including biotite-
bearing, hornblende-biotite-bearing, hornblende-epidote-
bearing and pyroxene-bearing; (2) leucogranites (reduced)
that are generally amphibole-pyroxene bearing. These
granitoids are hosted by gneisses and metasedimentary
rocks partially covered by rhyolites. Major element com-
position shows high-K calc-alkaline to shoshonite affinity,
metaluminous to weakly peraluminous I-type granites.
Mesocratic granites show moderately negative Eu anom-
aly, depleted in Nb, P, Ti, and are related to syn-collisional
setting. Leucogranites are post-orogenic with strong neg-
ative Eu anomaly, depleted in Ba and Sr and enriched in
Hf, Nb and Ta. They are fertile in Sn and Zn, enriched
through postmagmatic metasomatism and greisenization.
Cr—Cu-Ni-V mineralization occurs in hornblende-bearing
gneisses and their enrichment suggests a possible Ni—-Cu-
type PGEs mineralization in this area. Meanwhile, their
trace element shows high Ni/Cu, very low Rb/Sr, low LILE
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and LREE which indicates mantle fractionation at sub-
duction. The absence of olivine and pyroxene, and
increased SiO, and Al,Os in the Cr-Cu-Ni-V-bearing
rocks show that the parent magma experienced fractional
crystallization and crustal contamination during evolution.
Notwithstanding, the high Zr/Rb and K/RDb ratios show that
hydrothermal activity was not intense to enhance miner-
alization in the area. Variation in the direction of stress
during shear deformation inhibited an effective
hydrothermal activity and ore deposition in the region.
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1 Introduction

The economic growth of a nation depends partly on the
exploration of its natural resources. Keeping aside water,
forest and other natural resources, mineral exploitation, and
production are essential to industrial and economic devel-
opment (e.g. Matos et al. 2012). South American and the
African blocks have shown significant litho-structural sim-
ilarities since the breaking of the Gondwana supercontinent
(Trompette 1994). Pan-African orogenic event emplaces a
series of granitoids, metavolcanics and volcano sedimentary
rocks across the two continents alongside major shear zone
known in Cameroon and Brazil as the Central Cameroon
Shear Zone (CCSZ, Ngako et al. 2003) and Brasiliano shear
zone (Neves et al. 2002) respectively. Nevertheless, Pan-
African basement of the Tikar plain has locally host several
mineralization in several zones within the west and central
African sub regions (Markwitz et al. 2016), including gold in
the greenstone belt in Ghana (Grenholm 2011), massive
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sulphide ores in Kabwe and Tsumeb belts of Zambia and
Namibia respectively (Chetty and Frimmel 2000). In
Cameroon, these granitoids host gold and uranium in eastern
(Suhetal. 2006) and northern (Kouske et al. 2012) part of the
country, respectively. Some of the mineralizations are
associated with fluid conduits in the form of dykes, lode,
veins (Rhys et al. 2003; Suh et al. 2006; Duuring et al. 2009;
Bambi et al. 2012; Yannah et al. 2015). Previous studies
show that the worlds’ ore elements deposits, including major
(Mn, Sn, W, Ta, Nb, Zr, Zn, Au, U) and minor (Sc, Sbh, Bi and
Cd) elements are related to granitoids (Sillitoe 1996).
Amongst these, I-type calc-alkaline magmas are efficient in
the concentration of base metals like Fe, Cu, Cr, Mo, while
evolved S-type granites are associated with Sn and W
(Ghodsi et al. 2016). The regional geology of Cameroon
shows the vast distribution of granitoid rocks within the west,
the north and central-east regions (Toteu et al. 2001). Even
though they have been proven to be Pan-African, work is still
ongoing to know more about their origin, evolution trajec-
tory and mineralization. Most works have been able to
characterize, correlate and date lithologies in different
environments within the Western Cameroon Domain
(WCD), Adamawa-Yadé Domain (AYD) and the Southern
Cameroon Domain (SCD) of the Cameroon Pan-African belt
(Ngako et al. 2008; Tetsopgang et al. 2006; Nzenti et al.
2010, 2017; Kouankap Nono et al. 2013, 2018; Yap et al.
2018). Evaluating primary mineralization in geological
formations is very uncommon within the WCD in general
and Tikar plain in particular, except for recent work on the
Mbengwi granitoids (Mbassa et al. 2018), Mayo Salah plu-
tons (Tchunte et al. 2018) and Misajé I-type granite plutons
(Fozing et al. 2021). The study area is located within the
Tikar plain, which is part of the WCD where no exploration
or mining activities are happening in spite of some reports on
tin (Sn) mineralization (Nguéné 1982) in one of the com-
plexes. There is a general problem faced by the mining sector
in Cameroon in the sense that explorers are mostly guided by
artisanal miners whose interest is in alluvial deposits (sec-
ondary mineralization). This has prompted recent works to
show interest in investigating primary mineralization within
lithologies. The main purpose of this paper is to study the
different rock types in the Somie-Ntem area from whole-
rock geochemistry in order to identify their mineralization
potentials and decipher their petrogenetic constrains. This
will contribute to the understanding of the geodynamic and
magmatic evolution along the tectonic corridor.

2 Geological setting
The Pan-African orogeny forms an integral part of

Cameroon geology. This orogenic belt that covers the study
area is also known as the Pan-African Belt of Central
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Africa (Penaye et al. 1993) or Central African Fold Belt. It
constitutes an association of the Sao-Francisco Craton,
Congo Craton, Eastern Saharan Block and the West Afri-
can Craton (Ngako and Njonfang 2011). This fold belt
marks a major Neoproterozoic connection between the
Trans-Saharan belt of West Africa and the Brazilliano
orogenic belt in NE Brazil (Toteu et al. 2001; Ngako and
Njonfang 2011). In Cameroon, the CAFB is partitioned
into southern, central and northern Cameroon domains
of geotectonic units (Ngako et al. 2008).

The Northern Cameroon Domain (NCD) (Fig. 1b), also
known as the WCD (West Cameroon Domain) (Toteu et al.
2004) or the Poli Group (Ngako et al. 2008) falls north of
the Tchollire-Banyo shear zone (TBSZ), (Toteu et al.
2001, 2004) and marked by: (1) back-arc basin formation
(Toteu 1990; Montes-Lauar et al. 1997; Ngako 1999),
characterized by pre- to syn-tectonic calc-alkaline basic to
intermediate  orthogneisses and  granitoids  dated
740-630 Ma relating to subduction zone (Toteu et al.
1987, 2001); (2) late- to post-collisional intrusions (from
620 to 580 Ma) associated with shearing and migmatiza-
tion (Toteu et al. 2001; Tchameni et al. 2016; Negue et al.
2017) and; (3) mafic and felsic post tectonic alkaline
granitoids (550-530 Ma) related to crustal extension
(Toteu et al. 1986, 2004; Dawai et al. 2013); (4) Neopro-
terozoic medium to high-grade gneisses and schists having
volcano-sedimentary and volcanic origin. According to
some studies, Pan-African granitoids of the WCD origi-
nated from a juvenile crust or intensive reworking of the
Paleoproterozoic crust (Toteu et al. 2001, 2004). Within the
WCD, these granitoids display similarities in composition
(Djouka-Foukwé et al. 2008; Tetsopgang et al. 2006).
However, their whole-rock geochemistry generally indi-
cates high-K calc-alkaline to shoshonite magmatism of
I-type with few S and A-type origin (Ngo-Beloun et al.
2006; Djouka-Fonkwé et al. 2008; Nzina et al. 2010;
Kwékam et al. 2020b, c; Fozing et al. 2021).

The Somi-Ntem area of the Tikar Plain lies north of the
Tchollie-Banyo Shear Zone (TBSZ). This shear zone sep-
arates the WCD from the AYD (Toteu et al. 2001).
Structures within the WCD are linked to three deformation
phases denoted D, to D3 (Nzenti et al. 1992; Toteu et al.
2001, 2004). These include flat-lying foliations associated
with isoclinal folds (Ngako et al. 1992; Nzenti et al. 1992)
interpreted as D, (Toteu et al. 2001), and are related to the
nappe type tectonics of the Pan-African (Ferré et al. 1996).
D, structures include tight and upright folds with vertical
axial plane foliations (Toteu et al. 2004; Ngako et al. 2008)
displaying sinistral movement that shows parallelism to the
Sanaga Fault (SF) while D3 forms a late tectonic dextral
event that characterized most part of the CCSZ (Ngako
et al. 2003, 2008). In general, tectonic evolution trans-
gresses from D,-D; displaying sinistral to dextral
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Fig. 1 Location of the study area. a Cameroon in Africa; b Cameroon regional geologic map indicating major geotectonic units and older

formations (Toteu et al. 2001; Ngako et al. 2008; Njanko et al. 2010) 1-

Yaounde Domain (YD), 2-Adamawa-Yadé Domain (AYD), 3-Western

Cameroon Domain (WCD), NS-Nyong series, NC-Ntem complex, DS-Dja series; major faults and shear zones: AF-Adamawa fault; TBF-
Tcholliré-Banyo fault; SF-Sanaga fault; CCSZ-Cantral Cameroon Shear Zone; ¢ study area showing regional geology (adopted from Le
Marechal 1975; Makitie et al. 2019) with overlayed sample points of different lithologies identified during this study

movements respectively (Toteu et al. 2004; Yakeu et al.
2007; Ngako et al. 2008; Njanko et al. 2010), with D; and
D, events dominating within the WCD and AYD (Toteu
et al. 1991, 2004; Ngako et al. 1992; Nzenti et al. 1992;
Ferré et al. 1996).

3 Materials and methods

During the field work, a total of 81 sample locations were
observed (Fig. 1c) and amongst them, 30 representative
rock samples were selected for geochemical and petro-
graphical analysis. These include orthogneisses, parag-
neisses, mesocratic granites, leucogranites, and rhyolite.
The criteria for the selection of these samples were based
on field observations and the cost of analyses. As indicated
in the sample location map, each rock type observed on the
field have a representative sample(s) selected for laboratory
analysis (Fig. 1c). For the petrographic study, 30 polished

thin sections were prepared at the Laboratory of the
University of Johannesburg in South Africa for detailed
analysis of the mineralogical and textural aspects of the
rocks. Replicates of the 30 samples were used for whole-
rock geochemical analysis. At the Activation Laboratories
(ActLabs) of Ontario Canada, the geochemical samples
were entirely pulverized to a nominal — 2 mm mesh
fraction and mechanically split to obtain a representative
sample. 250 g of each sample pulverized was brought to
95%, —105 pm grain size. Sample powders were further
inserted into an Inductive Coupled Plasma Mass Spec-
trometer (ICP-MS) for elemental analysis. This followed a
method known as 4Litho which is a combined whole-rock
ICP-OES and trace elements ICP-MS packages into a
Lithium Metaborate and Tetraborate Fusion—ICP and
ICP-MS. With this method, the fused sample was diluted
and analyzed using Perkin Elmer or 9000 ICP-MS. The
detection limit of 0.01% was set for the major elements
except for MnO and TiO, with 0.001%. For the trace
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elements, the detection limit was set at 2 ppm except for
Zn Ni and Cr at 20 ppm, while Pb, As and V was 5 ppm.
Geochemical interpretation diagrams and graphical repre-
sentation were done using GCDKits software by Janousek
et al. (2006).

Positive anomalies in the dataset were determined from
the distribution of the data on statistical box plots and
histograms. On the box plot, the line in the middle of the
box is the median or the 50-percentile given as Q, = 50%.
The first (Q1) and third (Qs) quartiles are 25% and 75%,
respectively, and representing the lower and upper per-
centiles. Meanwhile, the difference between Q; and Qs is
known as the interquartile range (IQR), indicating the
extreme values calculated from a window of 1.5 IQR. The
statistical threshold for the element concentration was
calculated using the formula given as follows: Thresh-
old =Qs; + 1.5 (IQR) for the upper cutoff threshold
(Dekking et al. 2005). Values above the threshold are
outliers and represent positive anomalies and possible
mineralization.

4 Results
4.1 Petrography

Petrographic of the Somie-Ntem lithologies is well
described in Yannah (2020). The results show the distri-
bution of different lithologies within the Somie-Ntem area
more than what is observed from the regional geological
map (Fig. 1b). This area is hosted by a metamorphic
basement characterized by both para and orthoderived
gneisses. These paragneisses show bands of aligned biotite,
garnet and sillimanite forming a smooth cleavage domain
with spaced schistosity. Garnet crystals form porphyrob-
lasts within the mafic bands while sillimanite is confined
within the felsic bands. Quartz, plagioclase, and orthoclase
are also present with titanite, epidote and zircon as acces-
sories. The orthoderived rocks outcrop within the valleys,
forming bedrocks and enclaves within granites. They also
form small massifs on the eastern corner of the study area.
The rocks vary in composition from biotite-bearing,
hornblende-biotite-bearing, hornblende-bearing  and
amphibolites, with the hornblende-bearing and amphibo-
lites making the mafic group. The hornblende-biotite
gneisses are commonly migmatitic and mylonitic. Micro-
texture show grain boundaries that vary from amoeboid,
inequigranular to seriate interbolate. Foliations are gener-
ally discrete to continuous with spaced schistosity defined
by the preferred orientation of biotite mineral (Fig. 2a—f).
The cleavage domain is rough, with dark phase minerals
making about 30 vol% of the rock.
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The plutonic rocks are granitic, mainly occupying the
northwestern part of the study area. These granites both
show mesocratic and leucocratic in composition. These
intrusions are locally crosscut by diverse dolerite dykes
measuring up to 2 m. The mesocratic granite samples
strongly responded to the magnetic pen, while no response
was recorded from the leucogranites and most of the aplite
dykes in the area. Aplite dykes are abundant and mainly
hosted by mesocratic granites (Fig. 3c). These mesocratic
granites are the most abundant in the area. Generally, they
occur as a medium to coarse-grains, locally porphyritic
(Fig. 3a, c¢) containing quartz, k-feldspars, plagioclase,
biotite, hornblende (Fig. 3d), and in some cases with epi-
dote (Fig. 3a, b). The hornblende-epidote-bearing granites
occur as medium-grained, considered to be rare granite in
the Region. Both microcline and orthoclase are common in
the mesocratic granites, displaying moderate to intense
perthites structures. Epidote is commonly zoned in the
hornblende-biotite-bearing granites. The microcline com-
monly bears inclusions of, quartz and accessory titanite.
Zircon also forms part of the accessory group while the
opaque minerals, sericite, chlorite, muscovite and epidote
are secondary occupying mineral interstices.

The leucogranites vary from medium to coarse-grained,
and occur as isolated plutons in the area. They bear vugs
and cavities healed by quartz and locally crosscut by mafic
dykes. Quartz is highly abundant in these granites occur-
ring alongside plagioclase, and orthoclase, displaying gra-
nophyric structures (Fig. 3e, h). The ferromagnesian
minerals occur mostly in clusters with single grains very
uncommon. These minerals include: hornblende, arfved-
sonite, clinopyroxene and aegirine (Fig. 3f, g). The
accessory minerals include muscovite, tourmaline, cassi-
terite, titanite, zircon, opaque minerals alongside secondary
quartz and sericite.

Volcanic rocks are essentially made up of rhyolite and
locally outcrop in Nwe and Petit Atta areas as dykes
extending over 50 m long and 20 m large. The structure of
the dykes is polygonal with individual polygon varying
from square to rectangular and measures from 20 to 30 cm
large. Micro-texture of these rhyolites show phenocrysts of
quartz and sanidine embedded within a fine-grained
groundmass giving the rock a porphyritic aphanitic texture.

4.2 Geochemistry

Results from whole rock geochemical analysis show that
these rocks are general high potassic rocks. However, the
paragneisses (Garnet-Sillimanite gneiss) (Fig. 2e, f) show
mean SiO, content of 68.3 wt.%, Al,O3 = 14.33 wt.%,
Fe,03(T) = 6.67 wt.% and MgO = 2.23 wt.% that corre-
late negatively with SiO,. CaO, Na,O and K,O vary
respectively as 2.0 wt.%, 2.27 wt.% and 1.91 wt.%. The
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the distribution of ore elements within the rocks. The
selected ore elements in the analyzed samples are all
skewed to the right. Elements with anomaly high concen-
trations occur as isolated bars to the right. This indicates
that the concentration of elements in the latest bars falls
above the upper threshold. Histogram bars further to the
left are samples with the maximum concentration of the
respective trace metal closer or above the upper threshold,
thus constitute the positive anomalies in the sample pop-
ulation. However, most element distribution show multiple
populations indicated by the separation of the histogram
bars (two population concentrations), which is common
with geochemical data distribution (Reimann and Filz-
moser 2000; Reimann et al. 2005). The difference in the
distribution of the elements in the rocks suggests variation
in composition due to; magmatic contamination, fractional
crystallization and post-magmatic alteration of the parent
magma (Reimann and Filzmoser 2000).

Box plots representations for the selected trace metals
show an overall downwards skewness. At the same time,
the outliers are found on the upper side of the box. This is
an indicating that the concentration of the respective trace
metals in the rocks are low and clusters around the lower
percentile (Fig. 6). Meanwhile, the calculated threshold for
the element concentrations in the samples shows anomalies
in some samples. In general, the elements Al, Ag, Cr, Cu,
Cs, Hf, Nb, Ni, Sc, Sn, Ta, Th, Ti, U, V, Y and Zn show
enrichment. However, three groups of mineralization have
been interpreted here in relation to the rocks type (Table 1).
Leucogranites show potential for Sn-Zn mineralization and
occur in association with Hf, Nb, Ta, and Y, while meso-
cratic granites are generally poor in these elements but host
an aplite dyke that show strong enrichment for U and Th
(Fig. 7). The metamorphic rocks are slightly enriched in
Al, Ag, Mg, Mn, and Ti. However, the mafic hornblende-
bearing gneisses of this group show strong potential for Cr—
Cu-Ni-V mineralization. The enrichment in Cr is also
observed in the amphibolites (Table 1).

5.2 Sn-Zn mineralization

Sn-Zn mineralization in this area occurs within the
leucogranites that display a high-K calc-alkaline nature
with peraluminous | to slightly S-type affinity (Fig. 4a, b).
These are the youngest intrusions in the area with post-
orogenic setting, emplaced in a within plate environment
(Fig. 8b, c). The within plate environment is typical for
skarn-type Sn- mineralization (Meinert 1995); However,
this may vary depending on the type of magma. According
to Sillitoe (1996), I-type magmas concentrate more Fe, Cu,
Mo and Au while S-types are best for Sn and W (Govett
and Atherde 1988; Ghodsi et al. 2016). Meanwhile, Bues
(1968) believes that every granite has potential for a
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particular mineralization type, which could either be
magmatic or hydrothermal. The Sn-Zn-bearing granites
show high SiO,, Nb, Hf, Ta, and Zr contents common with
such mineralized granites (Kovalenko 1978; Tischendorf
1977; El Gharbawy and Maadawy 2012). McCarthy and
Hasty (1976) established a good positive relationship
between Ba, Rb, Sr and Sn mineralization. According to
Groves and McCarthy (1978), depleted Ba and Sr in
granitic rocks correlate well with Sn mineralization. This
relationship has been observed and demonstrated in the
discrimination diagram of Blevin (2003) on barren and
fertile rocks (Fig. 9a—d) using K/Rb versus SiO,, and also
SiO, versus Fe,03(T), Zn versus SiO, (Wolfe 1977) and
Rb—Ba-Sr (Karimpour et al. 1983). Based on the repre-
sentations, the leucogranites are the most fertile and plot
perfectly within the field of Sn-bearing granites (Fig. 9c).
The trace elements characteristics show that these granites
were enriched through high post magmatic metasomatic
based on several factors. The first observation is in their
high Zr/Hf > 20 and K/Rb > 100, which is common with
rocks affected by moderate to week hydrothermal activity
(Cerny and Burt 1984; Bea et al. 2006; Rossi et al. 2011).
In other words, hydrothermal activity was not intense to
influence Sn-Zn mineralization in the granites. Usually,
hydrothermal processes such as sericitization and silicifi-
cation cause the loss of Sr and Rb within the feldspars but
these granites show no depletion in Rb. Imoekparia (1981)
also demonstrated the relationship between Sn-bearing
granites and Rb ratios whereby high Rb/Sr and low Ba/Rb
ratios were observed with Sn-bearing granites, especially
the younger post orogenic granites as is the case with the
Somie-Ntem  leucogranites  showing high  Rb/Sr
(1.22-65.25) and low Ba/Rb (0.06-0.51). With several
debates put forward regarding the origin of Sn mineral-
ization in granites, most models propose intense post-
magmatic metasomatism involving albitization and
topazization (Beus et al. 1962; Stemprok 1971; Haapala
1997). Others propose specialized granites derived from
post-magmatic modification of the original rock by
hydrothermal fluids (Haapala 1977, 1995). From Haapala
(1997), the magmatic source for Sn-bearing granites con-
tains topaz-bearing fluid inclusions due to late-stage
crystallization.

Though topaz is not evident in the Somie-Ntem granites,
they display some petrographic and geochemical charac-
teristics common with most Sn-bearing granites, such as
the presence of granophyric structures and mairolitic cav-
ities (Haapala 1997); the association of tourmaline, cassi-
terite, muscovite with abundant quartz (Wang et al. 2017),
low Ba, Sr, Ce, Ti, Eu, high Rb, Th, U, Nb, Zr, Ga (Ti-
Schendorf 1977; Haapala 1997) and high Rb/Sr, K/Rb,
K/Ba (Imoekparia 1981; Horbe et al. 1991; Ogunleye et al.
2005). Though some of these characteristics do not quite
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Fig. 7 Spider plots showing variation in K, Th and U from whole-rock geochemistry in samples from the Somie-Ntem area

leucogranites of this area might have formed under dif-
ferent pressure and water conditions with a simultaneous
crystallization of quartz and k-feldspars from a viscous
granitic melt cooling below its liquidus temperature
(Strauss 1954; Morgan and London 2012). However, a
proposed model for Sn-mineralization in such granites has
also been explained in Groves and McCarthy (1978), which
says the crystallization of such magma commence from the
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roof and floor of the chamber, then progresses inwards with
a progressive fractionation till the point of water saturation
whereby the Sn-poor vapour becomes separated and collect
to form barren structures while the water-saturated melt
enriched in Sn, F and/or B further crystallizes causing
greisenization. Thus greisenization (Stemprok 1987), sili-
cification and tourmalinization (Strauss 1954) could be
responsible for the high SiO, (75.68-76.35 wt.%) content
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Table 2 Similarities in trace elements ratios between younger
granites bearing aegirine and arfvedsonite in north western Cameroon
(this study) and northern Nigeria (Nigeria values from Ogunleye et al.
2005)

Cameroon
Younger leucogranites

Chemical characteristic Nigeria

Younger granites

Zr/Hf 44.41 25.26
Rb/Sr 38.25 36.99
Pb/Zn 0.07 0.20
Nb/Ta 0.37 8.32
Ba/Rb 9.66 0.40
Thiu 4.09 2.58
(La/Yb)y 14.43 3.23
ZriNb 16.18 4.28
K/RDb 252.95 169.93
K/Ba 678.95 421.97

1988). The aplite dykes in this area show Th/U ratio of
< 3, 38 lower than the host mesocratic granites and fall in
the same range as the leucogranites (Th/U average of 4.2)
in the area. Reports show that granitic rocks with U-Th
mineralization commonly display low Th/U ratios (Saleh
and Kamar 2018) due to the fractionation of Th alongside
Zr in the liquid (Bea 1996). The similarity in Th/U ratio
between the aplite dyke and the leucogranites suggest a
common source and emplacement time different from the
host rock, probably from the same melt that emplaced
leucogranites in the area. This goes in line with reports on
U-Th mineralization occurring in leucogranites (Ibrahim
et al. 2001; Kyser 2014). Moreover, reports within the

80

Tikar plain (Ntieche et al. 2017; Yannah 2020), show that
the emplacement of leucogranites in the area followed
crustal extension along NE-SW faults. This resulted to the
opening of fractures and subsequent healing by postmag-
matic fluids. Even though this mineralization might only be
confined to local faults genetically related to the regional
NE-SW shear zone in the region since most aplitic samples
were poor in U-Th. However, the Somie-Ntem mineralized
dyke show some similarity in composition to the host
mesocratic granites indicating that during dyke emplace-
ment, a reaction between the injected fluid and the host
rock probably occurred causing assimilation and mixing of
material leading to compositional transition (both textural
and chemical). Based on reports, these transitions in
composition commence from the wall towards the centre of
the dyke (Novak et al. 1999; Dini et al. 2004; Novak 2007)
as field observation presents for the Somie-Ntem dykes
showing chilled margins and the concentration of ferro-
magnesian minerals closer to the wall than at the center.
However, further analysis is required to confirm to this
effect. According to McKeough et al. (2013), the compo-
sitional gradient may cause enhanced diffusion of U, Th,
Nb, Y and REE towards the rock-dyke margins, which may
have to do with assimilation fractional crystallization
leading to U-Th enrichment in some dyke-type mineral-
ization (Shearer et al. 1992; McKeough et al. 2013). Melt
fractionation is expressed in this dyke based on the
decrease in the ratios of Nb/Ta with SiO, (Fig. 11a). The
enrichment in biotite and titanite in the dyke might be
responsible for the inverse relationship between Fe,O3(T),
Ca0O and MgO with SiO, in the rock samples (McKeough
et al. 2013).
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Fig. 10 Spider diagram showing similarities between aegirine-arfvedsonite granites from this work and Northern Nigeria (Nigeria data from

Ogunleye et al. 2005)

123



876

Acta Geochim (2022) 41(5):861-886

Moreover, most mineralized aplite/pegmatite dykes are
thought to undergo melt hybridization (Simmons and
Heinrich 1980; Kretz et al. 1989; Owen 1989; Shearer et al.
1992; Lentz 1996). The varying ratios of Ba, Rb and Sr, the
contrast in binary plots between Ta versus Nb/Ta, K/Cs
versus U + Th and K/Rb versus Nb/Ta (éerny et al. 1986;
Cerny 1971; Shearer et al. 1992; McKeough et al. 2013)
generally indicate hybridization of the late melt during the
emplacement of the dyke (sample B136) (Fig. 11b, d).

According to some authors (Pan 1997; Linnen 1998;
Dostal and Chatterjee 2000; Linnen and Keppler 2002;
McKeough et al. 2013), these trends signify crystal frac-
tionation and subsequent injection of fluids. This is also
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supported by the high U, Th, Nb, Y and REE in the dyke
which are strong indicators of hybrid fluids or silicate melt
fluxes (London 2008; Simmons and Webber 2008; Nabelek
et al. 2010; Van Lichtervelde et al. 2010; Linnen et al.
2012). The hybrid fluid may also be due to crustal con-
tamination during their emplacement in a syn- to late tec-
tonic regime (Fig. 8b, c). Even though Na-metasomatism
and albitization have been reported for structural controlled
U-mineralization in other areas within the WCD (Kouske
et al. 2012), the lack of K trend for the dyke and host
granites shows that albitization was irrelevant. Neverthe-
less, extreme fractionation or in situ partial melting of

metasedimentary rocks may have influenced U-Th
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enrichment in the dyke, not leaving out meteoric water
influx that could enhanced leaching and mobilization of U
in the rock.

5.4 Cr—Cu-Ni-V mineralization

This mineralization occurs in hornblende-bearing gneisses
(orthogneisses) rich in plagioclase and green amphibole.
As field and petrographic results indicate, the host rocks
show features of brittle deformation with splays of frac-
tures and veinlet healed by opaque minerals. The high
concentration of their Fe,Os; content (10.8-11.1 wt.%)
suggests hydrothermal magnetite alteration is involved
although further analysis is required to verify this effect.
Normally, hydrothermal activity is very unlikely to con-
centrate these trace metals considering their high compat-
ibility with mantle rocks that deprive them of getting into
the melt unless they were probably leached from mafic and
ultramafic rocks along the conduit. In which case, this
might indicate a possible Ni-Cu-PGEs deposit type in the
area considering that the region forms part of the orogenic
belt in central Africa. Previous studies show that magmatic
terrains found in proximity to cratonic boundaries consti-
tute suitable environments for Ni-Cu—-PGEs-type mineral-
ization (Naldrett 1999, 2009; Begg et al. 2010). Such
terrains are often characterized by radial basic dykes such
as the dolerite dykes identified in the Somie-Ntem area and
the vicinity (Ntieche et al. 2016). Moreover, as indicated
before, this area has a strong connection to the regional
shear zone (CCSZ) that represents a major crustal discon-
tinuity of the Pan-African orogeny (Toteu 1990; Ngako
1999) in the region. It forms the limit between Paleopro-
terozoic intracontinental domains (characterized by tona-
lite-trondhjemite-granodiorite formations) to the south
(Nzenti et al. 1998; Makitie et al. 2019) and a juvenile
active Paleoproterozoic to the north (Toteu 1990; Ngako
1999). These regional setting provide suitable environ-
ments for a lot of things to happen including transtensional
and transpressional deformation, thrusting, accretion,
magma intrusion (Archanjo and Bouchez 1991; Ngako
et al. 2003; Toteu et al. 2004) and hydrothermal activities
(Post 1999; Schulz et al. 2010). Thus, it is very likely to
have sulfide mineralization and PGEs is such environ-
ments. Potential Cu-Ni-PGEs mineralization however,
would require a primary mantle magma that was driven to
high sulfide saturation before crystallization (Arndt et al.
2005). This is common in regions of crustal extension (Li
et al. 2021) like the CAFB which might have caused rapids
rising of mantle magma and emplacement of mafic bodies.
In which case, the magma was subjected to several mag-
matic differentiation processes including fractional crys-
tallization (FC) and crustal contamination (CC) of the
rising partially melted lithospheric crust or mantle (Fig. 8a,

¢). Moreover, Cu and Co show no correlation with Zn as it
should be for hydrothermal sulfide mineralization (Pelleter
et al. 2016).

On the other hand, since sulfide fractionation into
ultramafic rocks inhibits the transport of major base metals
and sulfur (Li et al. 2021) to the surface, Cu-Cr-Ni-V
mineralization ~might have involved stratabound
hydrothermal activities (Hein et al. 2008) that was pen-
contemporaneous to gneissification. But Ni show a strong
positive correlation with V and Sc (Table 3) which goes to
support the process of melt fractionation from a parent
magma rather than post magmatic alteration as observed
from the negative trends between Co V, and Sc with SiO,
and positive with MgO (Fig. 12a—f). This is because melt
fractionation will normally cause decrease in V, Ni and Sc
as olivine and pyroxene get crystallized (Meinert 1995).
Once the removal of olivine and pyroxene takes place,
sulphur solubility and enrichment in FeO and silica content
occur leading to sulfide segregation and mineralization
(Lightfoot and Hawksworth 1997; Li et al. 2021; Barnes
et al. 2016).

Other sources for Cu-Cr—Ni-V concentration in these
rocks could involve melting of basaltic rocks due to the
high Cu and Ni contents couple with the proximity of the
study area to a major volcanic line (Cameroon Volcanic
Line (CVL) in the region. But according to Fouquet et al.
(2010), basaltic rocks do not contribute to Ni enrichment
(Fouquet et al. 2010) in melts. Moreover, the Cu-Cr—Ni-
V-bearing gneisses actually show mantle source emplaced
in an arc (Fig. 8b, c) tectonic environment (Batchelor and
Bowden 1985). This may have involved partial melting of
mantle material at subduction probably with no significant
metasomatic reaction considering that the rocks show low
LILE, LREE, Ta and Nb (Zhao et al. 2016; Li et al. 2021).
The rocks also display low to high Ni/Cu ratios that vary
from 0.28 to 11. According to some reports, high Ni/Cu
ratio is mostly associated with ultramafic rocks rather than
basaltic which are generally low (Naldrett 1973; Schulz
et al. 2010). The Ni/Cu ratio of 11 corresponds to either
tholeiitic sill/dyke-type deposit or komatiitic Cu—Ni-type
deposits around the world (Naldrett 2004; Naldrett et al.
2013). This means that the magmatic melt experienced
high sulfur saturation early enough that the crystallization
of olivine was not complete to absorb enough Ni from the
melt (Mungall 2007). In that case, komatiite magma is very
unlikely to form such mineralization due to their strong
sulfide under saturation at crustal level unless their sulfide
content was enriched through melting and assimilation of
wall rock material (Lesher 1989). Other models propose for
sulfide mineralization include (1) leaching of igneous rocks
of variable compositions; and (2) sedimentary or seawater
influx (Kuhn 2003; Hein et al. 2008; Hrouda et al. 2009;
Gonzales et al. 2016). Overall, the concentration of Cr—Cu-—
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Table 3 Correlation between

) Cu Cr Ni \Y Sc Co Zn
trace metals in hornblende-
bearing gneisses within the Cu 1
study area Cr 065882 1
Ni — 0.37438 0.710554 1
\Y — 0.14523 0.597945 0.971734 1
Sc — 0.14523 0.597945 0.971734 1 1
Co 0.646435 0.092649 — 0.04355 0.127417 0.127417 1
Zn — 0.07681 — 0.11032 — 0.77755 — 0.84273 — 0.84273 0.121506 1
A B C A D
A i i
o 1 A o A
= o 7]
4, S > A <
i A (] 1 Je L] A
¥ R w i e " A
T T T T T # T T T Q T T I‘ T T T T T T T ! T T T T
5K1 S10, rr1 M g0
A E = F G A H
A T R ] A 4
i ° | A
= | A [2 b A = | A (;)) b ¢ A
. 3 i i ° a. 1 i ;~
T T T T T I’ T T T T T I. I’ T T T T T I‘ T T T T T
S1i0q S1i0q M g0 M g0

@ SKQVKVYGCTKPI |ITIB PR VBN GHFKREBY KDMGC TKPI ITCPKVGU
® #ORJKDRINQZGIPGCTKPI ITAPIQIGDNGPFG DGCTKPI IPGKUUGU

Fig. 12 Binary plots showing the evidence of fractional crystallization magmatic rocks bearing Cu-Cr-Ni-V mineralization

Ni-V mineralization in this area cannot be directly pinpoint
to a particular process given the complex processes
involved with magmatic evolution. The low Pb, depleted
Mo and the lack of correlation between Co, Cu with Zn for
hydrothermal input, the lack of calcite in the mineral
assemblage of the rocks, the relationship with the regional
geology, and the presence of mafic bodies within and
around the study area, couple with the high Ni/Cu and very
low Rb/Sr ratios jointly advocate for partial melting of
mantle rocks at subduction. However, due to the relatively
low LILE and their tholeiitic nature, there is a possibility of
mixing with lower crustal material following a very large
degree of partial melting.

Generally, magmatic rocks differ in composition and
evolution which play a big role in the type of mineraliza-
tion they host. For instance, U is favorable in veins and
anatectic rocks (IAEA 2009), Sn and skarn deposit in
igneous rocks (Meinert 1995), while Ni-Cu-PGEs are
mantle derived and occur in mafic and ultramafic rocks
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(Arndt et al. 2005). Based on previous reports (Naldrett
1989, 2004; Naldrett et al. 2013), for all magmatic related
mineralization, the key to determine their petrogenesis lies
in the understanding of the processes involved in magmatic
differentiation. Depending on how depleted the source is
(mantle or crust), this can be observed from the petro-
chemical composition of the resulting rocks. The host
lithologies often display characteristic features that com-
monly serve as guides for future exploration works as the
case with the Somies-Ntem lithologies (Table 4).

5.5 Metallogenic significance

Several mapping proxies, fluid pathways and traps related
to mineralization of the Somie-Ntem area have been dis-
cussed in the previous sections. Based on SiO, versus Zn,
SiO, versus Fe,05(T), SiO, versus K/Rb, Ba—Rb-Sr plots
(Fig. 9a—d), the mesocratic granites appear to be less pro-
ductive in the area but host fertile aplite dykes with U-Th
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Table 4 Summary table for lithologies within the study area and petrochemical characteristic associated to mineralization
Enriched Sample  Mineralization Mineral assemblage in rocks Structures Other chemical features
lithology code - - -
Main Accessory Macro Micro Major Trace
Leucogranites B137, Sn-Zn High quartz, Casseterite, Vugs, Granophires,  High SiO,, High Ag, Hf,
B143, k-feldspar, tourmaline, mafic perthite Al,03, Nb, Ta, Y
B144, plagioclase, titanite dykes Na,0, K,0 and Cr; Th/U,
B145 aegirine, Very low in Sm/Eu, Very
arfvedsonite, MgO, CaO low Ba and
and P,Os Sr
Mesocratic B136 U-Th Quartz, titanite, zircon Quartz Quartz veins, N/A Cu, Pb
aplite dyke k-feldspars, veins, fractures
plagioclase, aplite
biotite dykes
Hornblende-  B155, Cr-Cu-Ni-V Plagioclase, Olivine, Fractures, Fracture, High Fe,03 Mg, Sc, Ti,
bearing B156, hornblende titanite, veins veinslets and CaO High Ni/Cu,
gneisses B159, zircon, Low SiO, very low Rb/
B180 opaque Sr
minerals

mineralization. The source and emplacement of these Pan-
African granites in Cameroon are connected to events
relating to the geodynamic evolution of the Pan-African
belt in Central Africa and, specifically, the continent—
continent collision between the north-central Cameroon
active margin from the north and the Congo Craton from
the south (Toteu et al. 2004). This collision resulted in the
subduction of the cratonic plate while the asthenospheric
upwelling induced the melting of the crust and granitiza-
tion, thus explaining the abundance of post-collisional
granite within the WCD and AYD relative to the YD
(Toteu et al. 2004). However, the Somie-Ntem mesocratic
granites show syn- to late collisional settings (Fig. 8c).
According to reports, granites within the WCD were
derived from the reworking of Paleoproterozoic crust
(Toteu et al. 2004; Makitie et al. 2019). These Paleopro-
terozoic rocks constitute the entire basement of the study
area. Based on U-Pb dating on zircon, the granites show an
age between 660 and 600 Ma (Makitie et al. 2019). This
period either corresponds to sinistral shear deformation
(Ngako et al. 2008; Ntieche et al. 2017; Yannah 2020;
Fozing et al. 2021) or the transition from crustal thickening
(630-610 Ma) and shear zone development in the region
(610-540 Ma) (Ngako 1986; Ferré et al. 2002; Tetsopgang
et al. 2008; Kwékam et al. 2020a).

Studies on the magnetic susceptibility of granitic rocks
show their direct relation to the oxygen fugacity f{O,) of
the igneous system, which in turn plays a crucial role in ore
formation (Ishihara 1977; Blevin and Chappel 1995;
Maulana et al. 2013). Although visible crystals of mag-
netite were not observed in hand samples and outcrops in
the mesocratic granites, they show characteristics of

magnetite series granites due to the strong response they
gave to the magnetic pen. Magnetite could equally form
part of the opaque phases observed in thin sections.
However, reports from Dschang, Misajé and Nkambe areas
west of the Tikar plain (Tetsopgang et al. 2006; Kwékam
et al. 2020a; Fozing et al. 2021) identified different facies
of magnetite series granites bearing medium to megacryst
magnetite crystals. Meanwhile measured magnetic sus-
ceptibility of granites NW of the study area
show > 3 x 1072 SI for the oxidized type and < 3 x 1073
for the ilmenite or reduced type (Fozing et al. 2021). These
features globally show the similarity in their sources and
evolution. Considering that magnetite generally forms
accessory phases in magmatic rocks, Pilchin (2010) indi-
cated that magmatic iron generally occurs as ferrous oxides
(FeO) in the magma chamber and later transformed and
concentrated into the ferric type during magma cooling.
This transformation depends on the magmatic activity and
the amount of volatiles present (Pilchin 2010). Further-
more, the amount of Mg, Ca, Ti, and Al contents coupled
with the temperature, pressure and redox condition con-
trolled this transformation (Pilchin 2010). Nevertheless, the
mesocratic (oxidized) granites appear to be barren in the
area even though their magnetic character makes them
suitable for sulphide mineralization like Fe, Cu, Pb, Zn and
Mo (Fozing et al. 2021). Considering that magnetite series
granites indicate an oxidized mafic source (Maulani et al.
2013), the infertile nature can be attributed to low
hydrothermal input based on the high K/Rb > 100 and Zr/
Hf > 20 ratios and the paucity of magnetite crystals in the
rocks. Meanwhile, Fozing et al. (2021) attributed this to
Paleoproterozoic ~ crustal reworking that hindered
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hydrothermal fluid circulation and concentration of ores in
the rocks. Nevertheless, a closed observation of the tran-
sition of tectonic events in the WCD and AYD shows that
there was a significant change in the regional shortening
direction from WNW-ESE (D,.D, events) to NNE-SSW
directions (D3 event) and back to WNW-ESE (D, event)
(Toteu et al. 2004). These changes in stress direct gener-
ated rigid blocks that may have caused significant
obstruction to tectonic movement in the region (Toteu et al.
2004) and the circulation of hydrothermal fluid for ore
deposits. This may explain why most post-collisional
granites show low productivity, and their K/Rb ratios are
often high.

On the other hand, the Sn-Zn-bearing leucogranites
show characteristics of reduced granites based on the
weak- to no response they gave to the magnetic pen. They
also display very low Mg/Fe ratios relative to the meso-
cratic granites (Ishihara 1977). As indicated before, they
most likely constitute the family of reduced granites within
the WCD emplaced in NE-SW structures that were reac-
tivated during crustal extension or D, brittle movement that
dates 523 + 35 Ma (Tetsopgang et al. 1999; Toteu et al.
2004; Fozing et al. 2014; Ntieche et al. 2017). Meanwhile,
recent reports from U-Pb dating on zircon show the
emplacement age of the Tikar plain leucogranites at
57 + 1 Ma (Makitie et al. 2019). This age corresponds to
the period of Cameroon volcanic line plutonism (Kinnaird
et al. 2016; Makitie et al. 2019). Their aluminium satura-
tion index shows peraluminous I- to slightly S-type affinity
(Fig. 4). Peraluminous leucogranites are generally super-
saturated in fluids (H,O, CI, F), and undergo significant
hydrothermal alteration with metal concentrations of Sn-
W-Mo, Pb—Zn-Cu, Au, U, Nb and Ta. Their magmas, of
purely crustal origin, are derived from materials that are
either orthoderivative (orthogneiss) or paraderivative
(sedimentary) materials. According to Maulana et al.
(2013), ilmenites series granites with I-type character
indicate a high involvement of carbon as a redox agent
during magma generation causing reduction and the for-
mation of I-type ilmenites series granites. This suggests
some assimilation of sedimentary materials containing high
amounts of carbon (Maulana et al. 2013) into the Somie-
Ntem leucogranites magma and can be justified by the
presence of metasedimentary units within the domain.
However, these granites may have the same source as those
reported in Bamenda, Nkambe and Misajé (Fozing et al.
2014; Kouankap Nono et al. 2018) but underwent different
paths of magma differentiation and emplacement time
based on their similarity in composition. Although there is
a high possibility that the Somie-Ntem leucogranites are
coeval with aplite dyke formation in the study area.

A close comparison between the different veins and
dykes in the study area shows that they differ in
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composition and texture. For instance, the barren dykes
gave no magnetic response in the samples and appear in
pink and white. The U-Th mineralized dyke, on the other
hand, gave a magnetic response slightly weaker than the
host mesocratic granite and generally appears grey to dark
grey. These characteristics, together with the proxies dis-
cussed in the previous sections, could either mean the
following: (1) the barren dykes were derived from crustal
fluids that form part of the melt involved in the emplace-
ment of leucogranites in the region but experienced dif-
ferent levels of modification during crystallization; (2)
during the formation of the mineralized dyke, there was
enough time for the melt to interact with the host rock
leading to exchange of material and remobilization of U
and Th; (3) The enriched melt belongs to an earlier post
magmatic event that was remobilized during shear transi-
tion from D, to D3 events. Thus in terms of ore potential,
focus should be on the aplite dyke appearing grey and weak
to moderately magnetic. These observations support the
effect of melt hybridization in U-Th mineralization in the
area.

Cu—Cr-Ni-V mineralization is hosted by amphibolites
and hornblende-bearing gneisses (or banded amphibolites,
Fozing et al. 2019). These lithologies form part of the
Paleoproterozoic basement within the Tikar plain com-
posed of amphibolites, metabasites and tonalite-trond-
hjemite-granodiorite (TTG) suite that dates 2.18-2.14 Ga
(Tchameni et al. 2001; Toteu et al. 2004; Makitie et al.
2019). Makitie et al. (2019) indicated that the Paleopro-
terozoic basement north of the CCSZ corresponds to the
age of juvenile crustal formation (2180-2140 Ma) when
compared to that south of the shear zone in the Linte area
(2140-2070 Ma). These mafic bodies most likely form the
source of magnetite series granites in the area (Maulana
et al. 2013; Fozing et al. 2021). Based on Makitie et al.
(2019), there is no continuation of Cu—Cr—Ni-V mineral-
ization in the south within the Linte area, suggesting that
the mineralization may be limited within the older Paleo-
proterozoic crust. Even though it is not clear whether the
presence of these metals signifies a porphyry sulfide or Cu—
Ni-PGEs deposits in the region, it is possible that the
mineralization is syn-genetic and was remobilized during
shear deformation.

6 Conclusions

The Somie-Ntem area consists of metaluminous and per-
aluminous I- to slightly S-type granitoids. They also show
high-K calc-alkaline to shoshonite affinity. However, the
physical properties of the rocks show that the mesocratic
granites belong to the magnetite series (oxidized) while the
leucogranites to the ilmenite series (reduced) granites. The
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