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Abstract
The provenance of clastic sediments in stream beds, river terraces, rivers, swamps, lakes and beaches from different geological settings was
investigated based on their compositional and geochemical variations. The geochemistry data of 622 sediment samples from 22 sites in the
Cameroon were compiled to infer the provenance. The results suggest that, their mineralogy is dominated by quartz, low amount of feldspars, clay
minerals, heavy minerals, ferric minerals, and rock fragments. The SiO2/Al2O3 ratio indicate that the sediments of Cameroonian region are mostly
rich in quartz and clay-minerals. The enrichment of K2O/Na2O ratio implies plagioclase disintegration as K-feldspar during weathering and/or K-
reintroduction in the system during diagenesis. The sediments are rich in light rare earth elements (LREE) and classified as shale, Fe-shale, Fe-
sand, wacke, arkose, litharenite, sublitharenite, and quartzarenite. The sediments are composed of detritus derived from felsic igneous rocks,
which correspond to the geology of the source areas. Weathering indices such as chemical index of alteration (CIA), chemical index of weathering
(CIW), plagioclase index of alteration (PIA) and, A–CN–K (A=Al2O3, CN=CaO* + Na2O, K=K2O) plot indicated that the source rocks are
subjected to low, moderate and intense weathering.
Copyright © 2023, Guangzhou Institute of Geochemistry. Production and hosting by Elsevier B.V. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Sediments are composed of fine (silt and clay) to coarse
(sands) particles, are weathered and transported, in particular,
by climatic changes (wind, tides, water and ice) and human
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activities (development work, land use, etc.). In addition,
sediments are defined as continental or marine deposits con-
sisting of particles that come from the weathering or disinte-
gration of pre-existing rocks and precipitation of suspended
matter passing through the water column (El Houssainy,
2020; Cojan and Renard, 2021). The particles that make up
the sediments are more or less large and consist of organic and
inorganic compounds from four distinct sources: terrigenous,
endogenous, neoformation and anthropic (Schneider, 2001;
Chapalain, 2019; Karam, 2019). Analyzing the chemical
composition of terrigenous sediments is a sensitive technique
for determining weathering, depositional environment, and
nd hosting by Elsevier B.V. This is an open access article under the CC BY
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provenance. The type of the source rocks, climate, and tec-
tonic aspects of the source area influence sediment composi-
tion (e.g., Armstrong-Altrin and Machain Castillo, 2016; Yu
et al., 2016; Jian et al., 2020; Garzanti et al., 2021). The
provenance of detrital sediments is sometimes difficult to
determine due to weathering, diagenesis and climate vari-
ables, and these generate observable variations in their pat-
terns (Lee, 2009; Armstrong-Altrin et al., 2014, 2019;
Garzanti et al., 2019, 2020). Because, diagenesis and even
metamorphism do not affect Th, Sc, Co, and Cr, and these
elements are the most reliable elements to infer sediment
provenance (Cullers, 1994). However, studies on the prove-
nance of sediments are great interest in sedimentology,
because they provide information firstly on their origin and
secondly on the conditions of transport and deposition (e.g.,
Armstrong-Altrin et al., 2021a; Garzanti et al., 2020, 2021;
Jian et al., 2020; Ekoa Bessa et al., 2021a). The geochemistry
of clastic sediments is an essential source of information for
determining their provenance history (Cullers, 2000; Ramos-
Vázquez and Armstrong-Altrin, 2019, 2020; Banerji et al.,
2022), as well as the degree of weathering (Roy et al.,
2008; Gallala et al., 2009). Kirkwood et al. (2016), found
that the chemistry of surface sediments is extremely suscep-
tible to compositional changes. As a result, sediments are
thought to provide a more complete understanding of the
source domain (Silva et al., 2016; Armstrong-Altrin, 2020).

In Cameroon, sediments are fluvio-maritime in nature, they
constitute the sediment load of watercourses and are lacustrine
(e.g., Ekoa Bessa et al., 2018, 2021a, b; N'nanga et al., 2019),
fluvial (e.g. Ndjigui et al., 2015, 2018; Ekoa Bessa et al.,
2020; Nanga Bineli et al., 2020), alluvial (e.g., Mbale
Ngama et al., 2019; Chougong Tchatchouang et al., 2021),
clastic (e.g., Ngueutchoua et al., 2017, 2019a, b; Bokanda
et al., 2019; Tchouatcha et al., 2020) and coastal (Kwewouo
Janpou et al., 2022; Ambassa Bela et al., 2022). This article
reviews the various potential sources of surface clastic sedi-
ments in Cameroon, considered as a reservoir of several
economically important components (heavy minerals, trace
and rare earth elements). In this study, we compiled the
mineralogy and geochemistry data of clastic sediments from
different locations in Cameroon. The purpose of this study is
to determine the origin of clastic sediments in Cameroon and
to provide an insight into the sediment provenance study. This
study will allow to understand the geology of the area and
highlight the sedimentary processes during transport and
deposition.

2. Data sources and analytical methods
2.1. Literature survey and compilation of database
This study constitutes a compilation of geochemical,
mineralogical, and sedimentological data of sediments (surface
and clastic) in Cameroon. To collect information on the origin
of sediments, including their characteristics and evolution, a
literature study was conducted using google Scholar, Science
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Direct and PubMed sears browsers. Based on the following
inclusion criteria, at least 2000 publications were chosen for
title and abstract screening: articles including the terms speci-
fied above; non-Cameroonian items and articles out of context.
Certain studies were excluded, if the same paper was published
in several journals; the paper had the same results but with a
different title; the papers that dealt with provenance but not in
Cameroon and the papers with limited data. Additional
research was found by searching reference lists (Fig. 1).
Twenty-two sites were identified among which 476 sediment
samples (sand, clays, shale, clastic rocks, sediment deposits),
were compiled.
2.2. Sampling description
This study compiled a huge database on the geochemistry,
mineralogy, and sedimentology of surface and clastic sedi-
ments from areas with variety of tectonic settings around
Cameroon, which are briefly described below: (i) sedimentary
formations: Douala sub-basin (Ngueutchoua et al., 2017,
2019a, 2019b; Mbabi Bitchong et al., 2021), Mamfe basin
(Ngueutchoua et al., 2019b; Bokanda et al., 2019, 2021),
Babouri-Figuil and Mayo Oulo-Lere (Tchouatcha et al., 2021);
(ii) river terrace: Mefou River (Mbale Ngama et al., 2019; Noa
Tang et al., 2020); (iii) rivers: Lokoundje River (Ndjigui et al.,
2018), Ngaye River (Ndjigui et al., 2019), Sanaga River
(Nanga Bineli et al., 2020), Lobe River (Chougong
Tchatchouang et al., 2021), Nyong River (Kontchipe et al.,
2021), and Dibamba River (Sonfack et al., 2021); (iv)
swamp: Moloundou swamp (Ekoa Bessa et al., 2020); (v)
lakes: Simbock lake (Ekoa Bessa et al., 2018), Ossa Lakes
Complex (Ekoa Bessa et al., 2021a), Ngaoundaba Lake (Ekoa
Bessa et al., 2021b), and Fonjak Lake (N'Nanga et al., 2019);
and (vi) coastal zones: Mouanko beach (Ambassa Bela et al.,
2022), and Limbe beach (Kwewouo Janpou et al., 2022). These
authors have described the methods of sample collection and
analysis employed in their respective articles, so a description
on sample types and analytical methods are not provided in this
study. In short, the geographical presentation of each site will
be given in Table 1 and Fig. 2.

From these studies, Chemical Index of Alteration
(CIA = [Al2O3/(Al2O3 + CaO* + Na2O + K2O)] × 100),
suggested by Nesbitt and Young (1982), Chemical Index of
Weathering (CIW = [Al2O3/(Al2O3 + CaO* + Na2O)] × 100)
(Harnois, 1988), and Plagioclase Index of Alteration
(PIA = [Al2O3−K2O/(Al2O3 + CaO* + Na2O−K2O)] × 100),
proposed by Fedo et al. (1995), are used to assess weathering in
the source location. The best and most often used Index, ac-
cording to Armstrong-Altrin et al. (2015) and others is the CIA,
which is derived from the equation presented above, where
CaO* is the quantity of CaO in the silicate component of rock.
For the CIA, PIA, and CIW values, a value of 60 indicates low
weathering, a value of 60–80 suggests moderate weathering,
and a value of >80 indicates strong weathering intensity, with
complete conversion of feldspars to aluminous clay minerals
(Fedo et al., 1995).



Fig. 1. Map of Cameroon showing the locations of sediments compiled at various sites.
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3. Geological context

Cameroon is located in the Central African Region. It en-
compasses 475,442 km2 and is located between latitudes 2◦
and 13◦N and longitudes 9◦ and 16◦E. Cameroon is oriented
west to east from the Atlantic Ocean to the Congo, and south to
north from Gabon to Lake Chad.

The Central African Region has been divided into different
climatic zones, which can be divided into two major classes:
tropical climate with two seasons and equatorial climate with
four seasons (Donfack, 2011).

The vegetation differs between the equatorial and tropical
zones, which is diverse. The equatorial zone's vegetation is
primarily forest, which occupies about 45% of the country and
grows increasingly dense from the coast to the east, with gal-
lery forests along the rivers in the North. The tropical zone is
mostly covered by variety of savannah types: The Adamawa
woody savannah is densely forested, while the grassland
savannah of the North and the steppe of the Far North are
sparsely forested (Letouzey, 1985; Biwolé et al., 2015).
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The variety of parent rocks, geographical characteristics,
age, and varied bioclimatic conditions all contribute to the
diversity of Cameroonian soils. Several soils are related to their
spatial representativeness, degradation status, and human use.
The principal soils of Cameroon are: (i) ferralsols or ferrallitic
soils, which cover the great part of the South Cameroon plateau
and those which cover the rest of the country (Nakao et al.,
2017; Doum et al., 2020; Temga et al., 2021; Sababa et al.,
2022). (ii) hydromorphic soils or gleysols, which are grey,
discolored horizons encountered in the Lake Chad plain during
the rainy season (Doum et al., 2020); (iii) poorly evolved soils
formed on recent deposits, such as wind-blown deposits in the
Lake Chad cordillera or volcanic ashes in West Cameroon.
Vertisols have a consistent, clayey, dark-colored profile that
cracks deeply in dry conditions (Tsozue and Ndjigui, 2017;
Temga et al., 2019; Ekoa Bessa et al., 2022). Young andosols
and eutrophic brown soils have a uniform profile. They are
formed on basalts and are connected with crude and poorly
evolved minerals. They are rich in water and organic materials,
but are extremely vulnerable to erosion. Besides that, eutrophic



Table 1
Geographic coordinates, Region/locality of the different sites of Cameroon.

Sites Geographic coordinates Location

Latitudes (N) Longitudes (E) Region/Locality

1 (n = 15) 03◦20’–05◦00′ 09◦00’–10◦30′ South West (DSB, Kumba)

2 (n = 21) 03◦20’–05◦00′ 09◦00’–10◦00′ South West (DSB)

3 (n = 23) 05◦30’–06◦00’; 3◦20’–05◦00′ 09◦00’–09◦30’; 9◦00–09◦30′ South West (Mamfe Basin; DSB)

4 (n = 24) 05◦30’–06◦00′ 09◦00’–09◦00′ South West (Mamfe Basin)

5 (n = 25) 05◦30’–06◦00′ 09◦00’–09◦30′ South West (Mamfe Basin)

6 (n = 64) 04◦10’–04◦12′ 09◦50’–09◦52′ Littoral (DSB)

7 (n = 12) 09◦42’–09◦48′ 13◦42’–14◦00′ North (Babouri-Figuil; Mayo Oulo-Lere)

8 (n = 9) 03◦45’–03◦58′ 11◦20’–11◦33′ Center, Yaounde (Mefou River)

9 (n = 17) 07◦10’–07◦13′ 14◦57’–15◦00′ Adamawa (Ngaye River)

10 (n = 18) 02◦51’–03◦12′ 09◦54’–10◦10′ South, Kribi (Lokoundje River)

11 (n = 19) 03◦45’–03◦58′ 11◦20’–11◦33′ Center, Yaounde (Simbock Lake)

12 (n = 14) 03◦45’–03◦53′ 09◦58’–10◦04′ Littoral, Dizangue (Ossa Lake)

13 (n = 20) 07◦07’–07◦08′ 13◦41’–13◦42′ Adamawa (Ngaoundaba Lake)

14 (n = 23) 07◦09’–07◦13′ 13◦46’–13◦52′ Adamawa (Fonjak Lake)

15 (n = 17) 03◦30’–04◦30′ 10◦00’–12◦00′ Center and Litorral (Sanaga River)

16 (n = 19) 02◦04’–02◦10′ 09◦09’–09◦50′ South (Lobe River)

17 (n = 20) 02◦48’–04◦32′ 09◦54’–13◦30′ Center (Nyong River)

18 (n = 20) 03◦90’–04◦40′ 09◦40’–10◦30′ Littoral (Dibamba River)

19 (n = 30) 02◦05’–02◦12′ 15◦24’–15◦42′ East (Moloundou Swamp)

20 (n = 13) 04◦21’–04◦51′ 14◦10’–14◦30′ East (Kadey plain)

21 (n = 24) 03◦37’–03◦41′ 09◦37’–09◦40′ Littoral (Mouanko beaches)

22 (n = 29) 03◦59’–04◦04′ 09◦01’–09◦13′ South West (Limbe beaches)

DSB, Douala Sub-basin; n, number of samples.
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brown soils have a lot of humus and mineral stuff. These soils
are developed un top of a substratum, which is made up of
different types of rocks with different ages.

The Precambrian crypts of Cameroon consist of two major
structural rock units: North Pan-African Equatorial Range
(Ngnotué et al., 2000) the Yaounde extreme group represents
two-thirds of Cameroon North and the Cratonic domains that
are bounded by the northern margin of the Congo Craton
Northern Yaounde group. The CPNE is an E–W trending
megachain, surrounded by the Trans-Saharan Pan-African
chain to the south. It stretches from northern Brazil to the
west through the “Sergipano range”, forming the Pan-
African-Brazilian Range (Brito de Neves et al., 2001).
Toteu et al. (2004) distinguish CPNE as three different geo-
dynamic domains: northern, central and southern.

The North Cameroon domain is a vast domain that extends
from the south to the north of Poli. This area is characterized
by the development of polyphasic and polycyclic premature
stages (Nzenti et al., 1992). It consists of metavolcanites
related to the metasedimentary series of Poli. Calcareous
metabasites and orthogneisses belonging to episodic epistasis
(Bouyo et al., 2016; Nomo et al., 2017). The central
Cameroon domain is the northern and south of the Pan-
African range of Cameroon. It is a vast area that stretches
between the Sanaga faults (south of Bafia) and the Tibati-
Banyo line (north of the Adamawa plateau). It contains
numerous syntectonic hyperpotassic plutons with calc-
alkaline affinity of Pan-African age (Nzolang et al., 2003;
Nzenti et al., 2011). The southern domain is mainly repre-
sented by the Yaounde Group, and the southern part is
bounded by the Congo Craton. At the regional scale, two
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major rock units are defined: the slightly altered shale-
quartzite unit (Ayos-Mbalmayo-Bengbis and Yokaduma
ridges) and an advanced unit. Metamorphism consists of
gneiss, gneiss-mica, amphibole and rocks contain silicate lime
(Yaounde, Ntui-Betamba and Bafia series). These two large
rock units were overlain by diorite and granite and underwent
high-pressure, high-temperature metamorphism (Penaye
et al., 1993; Owona et al., 2011). Ngnotué et al. (2012)
indicate the presence of a new metamorphic event during
the Stenian (911–1122 Ma) in the Tonian, interpreted as the
onset of metamorphism in the Yaounde series.

The Congo Craton stretches from Cameroon (the northern
border) to the Democratic Republic of the Congo. Congo and
Angola (South) through Congo, Gabon and Equatorial Guinea
(the central part) is created while the Trans-Amazonian
Orogeny between 2200 and 1900 Ma (Barboza and Sabate,
2002; Shang et al., 2007). The northwestern margin of the
Congo Craton is a vast area. It is located in southern Cameroon
and consists of Archean and Paleoproterozoic formations. This
part of Craton is known because it is made up of three Ntem
complexes: the Ntem unit, the Lower Nyong unit and the Ayna
unit. The Ntem unit has been affected by two orogenic cycles
and is composed of various materials. The first orogenic cycle
or Liberian cycle is marked by the establishment of greenstone
protoliths followed by TTG (Tonalite-Trondhjemite-Granodi-
orite) intrusion between 2900 and 2800 Ma. Anatectic and
potassic granitoids begin to appear, signaling the end of this
cycle at 2600 and 2500 Ma (Toteu et al., 2004; Shang et al.,
2010). The second cycle is Eburnean and is characterized by
three successive events: the intrusion of alkaline syenite around
2300 Ma, the placement of dolerites around 2100 Ma and



Fig. 2. Flow diagram illustrating data compilation.
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finally a metamorphism of amphibolite to granulite facies
around 2500 Ma.

The Lower Nyong unit is north of Ntem unit. The meta-
sedimentary and metaplutonic rocks emplaced during high-
grade tectonic metamorphic events around 2050 Ma. This
unit is placed on the axis of the Congo Craton as an Eburnean
aquifer (Feybesse et al., 1987, Tsameni and Nsifa, 1998). The
rocks of the Lower Nyong unit are entirely Paleozoic and most
of the protoliths are of Archean age (Lerouge et al., 2006). The
Ayna unit is located at the eastern end of the Ntem complex
and consists of fine-grained crystalline rocks (leptinites, gran-
ulites, amphibole, gneiss), intrusive granites (granite, syenite,
tonalite) and green colored rocks (Gazel and Guiraudie, 1965).

In the coastal region (Douala and Mamfe basins), the south
(Mintom basin), the north (Benoue basin), and Southern Chad
sedimentary basins produce tiny subsidence zones. The coastal
sedimentary basin on the edge of the Gulf of Guinea corre-
sponds to a subsiding trench built from the Cretaceous and
gradually deepening towards the Atlantic Ocean (where
extensive research was conducted) (Ngon et al., 2016). Its
principal formations are black marls, clays, and sandstones; in
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the Douala basin in the south-west, lava flows interbred
(Ngueutchoua et al., 2019a, 2019b). The Douala basin's
Phanerozoic strata top Neoproterozoic gneisses and granitoids
(Ngon et al., 2016), which are Sanaga River basin basement
formations. Low-grade metamorphic rocks (phyllites, shales,
and siliceous facies represented by quartzites generally inter-
bedded in shales) of the Lom series near the northeastern end of
the Sanaga River basin and medium to high-grade gneissic
rocks of the Yaoundé Group are examples of Pan African
metamorphic rocks (Owona et al., 2021). Under the “Inter-
mediate Series” and the “Dja Formation,” the Cameroon
geological formations are largely Precambrian (Basement
Complex), originating from the remobilization of the Archean
basement (Shang et al., 2004; Asaah et al., 2014; Owona et al.,
2021; Tchakounté et al., 2021). The “Ntem Complex” of
Archean to Palaeoproterozoic age, which encompasses south-
ern Cameroon and is primarily made of TTG (tonalite,
trondhjemite, granitoid), and green rocks, are the Cameroonian
section of the Congo Craton (Tchameni et al., 2000). The rest
of the country is covered by three primary geological domains
formation (North, Central, and South). The Poli and Lom
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groups have undergone little metamorphism. The end of the
Pan-African orogeny is marked by the volcano-sedimentary
deposits of Mangbei. They are part of a regional assemblage
that includes outcrops in Mangbei and Hoye near Poli in the
Lake Lere region (Bouyo et al., 2009, 2016; Nomo et al.,
2017). In the coastal region (Douala and Mamfe basins), the
south (Mintom basin), the north (Benoue basin), and Southern
Chad sedimentary basins produce tiny subsidence zones. The
coastal sedimentary basin on the edge of the Gulf of Guinea
corresponds to a subsiding trench built from the Cretaceous and
gradually deepening towards the Atlantic Ocean (Ngon et al.,
2016). Its principal formations are black marls, clays, and
sandstones; in the Douala basin in the south-west, lava flows
interbred (Ngueutchoua et al., 2019a, 2019b). The Douala
basin's Phanerozoic strata top Neoproterozoic gneisses and
granitoids (Ngon et al., 2016) are the Sanaga River basin
basement formations. Low-grade metamorphic rocks (phyllites,
shales, and siliceous facies represented by quartzites, generally
interbedded in shales) of the Lom series near the northeastern
end of the Sanaga River basin and medium to high-grade
gneissic rocks of the Yaoundé Group are examples of Pana-
frican metamorphic rocks (Owona et al., 2021).

4. Results
4.1. Mineralogy
Seventeen articles among 22 have performed X-ray
diffraction analysis (Table 2), which reveals that quartz is very
abundant in all these sites, but less abundant in the site of
Adamawa Region. The abundance of quartz in sediments can
be explained by the weathering processes of silica rich rocks.
Kaolinite is abundant in almost all environments except in
some rivers (Nyong, Lobe, Dibamba and Mefou). In the
Mamfe basin and the Moloundou swamp they are little repre-
sented. It is very abundant in DSB. The kaolinite originated
from the partial hydrolysis with severe leaching and partial
depletion of silica. Minerals such as feldspars, illite, hematite,
goethite, rutile, gibbsite are poorly represented in most sites
(Table 2), the other minerals are either in trace, unidentified or
poorly represented in the stations. Illite might have derived by
the alteration of muscovite, and the presence of goethite would
be linked to the oxidation of ferromagnesian minerals (Ndjigui
et al., 2013; Ekoa Bessa et al., 2018). A peculiarity is observed
at Limbe beach, were most of the minerals appear, this could be
due to the fact that the sediments of this sector are near to the
volcanic line of Cameroon and the DSB.

The mineralogical data of sediments is consistent with the
geochemical data (Tables 2 and 3). The abundance of quartz
and kaolinite would be due to the high values of SiO2, Al2O3,
and the moderate content of Fe2O3 (Table 3). The content of
Fe2O3 refers to hematite/goethite. Illite is mainly composed of
SiO2, Al2O3, and K2O. The presence of feldspars and plagio-
clase indicates the low abundance of MgO, K2O, Fe2O3 and
CaO. Sediments from Cameroon consist of quartz, clay min-
erals, heavy minerals, feldspars, ferric minerals and rock
fragments. The presence of these minerals indicates that the
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sediments could come from a recycled orogeny, from a felsic,
intermediate, and mafic sources. These results corroborate with
the studies by Armstrong-Altrin et al. (2015) in Mexico, Abu
and Sunkari (2020a, b) in Ghana, Ramamoorthy and Nazir
(2020) in India.
4.2. Major, trace and REE geochemistry
Twenty-one papers out of 22 reported geochemical ana-
lyzes. The results of these analyzes are given in Tables 3–5.
Table 3, lists the concentrations of major elements of the
selected sites. In this table, the SiO2 concentrations are
moderate (24.95–25.34 wt %) in DSB, Babouri-Figuil, and
Mayo Oulo-Lere basins, some rivers and lakes from the
central and southern regions of the country. The Al2O3 and
Fe2O3 contents are moderate to high (3.93–24.95 wt.%;
0.03–36.11 wt.%, respectively) for all sediment samples. The
other elements have relatively low contents in all the sites.
The values of the SiO2/Al2O3 ratio varies between 2 and 20.8
(Table 3). Table 3 also presents the values of the alteration
indices calculated at each site. The results of these indices are
grouped and listed according to the regions highlighted in
Table 1. The CIA presents moderate to very high values in the
sediments of all the sites studied (65.00–96.92), except the
sediments of the Sanaga river, Babouri-Figuil and Mayo
Oulo-Lere basin, and Mouanko beach (39.20–58.50) which
has low CIA values (Table 3). The values of PIA and CIW
have very high values in all the sites studied, the values of
these indices vary from 81.2 to 98.70 for the PIA, and from
82.26 to 99.01 for CIW. Moderate PIA values (64–78.28) are
observed in certain river sediments (Sanaga, Ngaye, and
Dibamba), DSB, Mamfe basin, Kadey Plain, and Mouanko
beach. Similarly, the sediments of Dibamba river, Ngaoun-
daba lake and Mamfe basin show moderate values of CIW
(72.80–78.36). Moreover, the sediments of the Babouri-Figuil
and Mayo Oulo-Lere basins present low values in PIA (38.87)
and CIW (42.39) Table 3. The SiO2/Al2O3 ratio presents
values lower than 3, these values indicate the predominance of
clay-minerals. On the other hand, SiO2/Al2O3 values ranging
from 3 to 20.80, which indicate the predominance of quartz
and kaolinite. The K2O/Na2O ratio values are ranging from
0.34 to 57.50.

Table 4 shows the trace element contents of the various sites
studied. Barium contents are up to 100 ppm in all the sediments
of studied regions. Zirconium contents range from 54 to
1883 ppm. Strontium, Cr, and V contents range from 20.5 to
650.3 ppm, 37.4–477.0 ppm and 31.3–743 ppm, respectively
(Table 4), while Rb and Ni values range from 8.1 to 1900 ppm
and 8.2–219.0 ppm, respectively. The other elements have
contents lower than 100 ppm in all the sediments except sed-
iments of Moloundou swamp, Mouanko and Limbe beach,
which have Co, Sc, and Zn contents above 100 ppm (Table 4).
The moderate to high contents in large-ion lithosphere ele-
ments (Rb, Sr, and Ba) suggest their incorporation in sheet
silicates, such as illite and absorption on to clay mineral sur-
faces. The high to moderate concentrations of Sr in sediments
may be due to the presence of feldspars.



Table 4
Trace element concentrations of sediments compiled from various sites at Cameroon (ppm).

site 1 site 2 site 3 site 4 site 5 site 6 site 7 site 8 site 9 site 10 site 11 site 12 site 13 site 14 site 15 site 16 site 17 site 18 site 19 site 20 site 21 site 22

Ba 783.7 1057.2 1066.6 823.3 824.6 142.6 246.9 186.4 1016.9 1438.0 339.7 620.9 n.a. 184.3 852.9 435.0 137.5 252.9 – 650.0 566.9 257.0

Cr 128.3 59.0 42.1 68.2 68.2 125.9 62.2 237.0 96.6 81.4 148.6 127.4 n.a. 115.8 62.0 477.0 82.7 61.4 179.1 110.0 37.4 –

Zr 409.3 625.6 403.5 54.0 86.1 198.3 89.2 227.0 291.6 247.0 387.1 338.5 n.a. 52.7 1883.0 1253.0 663.6 743.3 385.8 210.0 329.5 428.0

Cs 3.2 2.4 3.7 – – – 1.8 0.5 0.5 1.9 1.3 3.1 n.a. 0.5 0.8 0.4 0.3 2.4 15.0 0.7 –

Th 16.7 23.9 20.9 13.4 13.4 23.3 9.2 24.1 15.2 29.2 23.5 19.5 n.a. 8.9 25.2 23.9 10.8 20.4 – 14.6 5.6 15.7

U 3.2 4.7 4.6 36.1 4.0 2.9 1.2 2.8 1.1 4.7 3.1 4.4 n.a. 1.5 4.2 2.8 1.3 1.6 – 3.1 1.2 2.9

V 126.2 90.9 71.5 100.7 100.7 170.1 79.3 147.0 92.4 103.2 131.7 142.6 n.a. 77.3 70.7 46.8 71.3 52.3 311.8 150.0 31.3 743.0

Hf 10.8 21.3 10.0 – 2.0 5.9 2.5 6.4 7.3 6.4 10.2 8.2 n.a. 1.2 13.4 29.5 10.7 13.1 – 5.0 7.9 9.8

Nb 27.1 19.9 17.3 – 12.8 25.1 9.3 46.7 9.8 42.9 36.1 32.8 n.a. 10.6 43.7 13.9 21.4 19.8 – 1.9 12.5 145.0

Sr 197.7 294.5 331.6 376.8 376.6 49.9 650.3 20.5 184.9 100.5 39.6 102.4 n.a. 54.3 187.6 58.0 25.6 49.6 31.3 200.0 132.7 631.0

Y 34.0 36.3 30.9 20.12 20.1 15.8 26.9 10.8 16.3 11.8 19.5 33.5 n.a. 28.3 20.3 37.0 5.8 7.8 – 27.0 6.8 31.2

Ta 1.9 1.5 1.2 – – – 0.6 3.4 0.6 2.2 2.2 2.0 n.a. 0.0 3.1 0.8 1.4 1.3 – – 0.9 10.8

Ga 22.0 25.7 24.3 – – – 13.8 18.0 18.7 36.2 16.7 29.3 n.a. 14.9 – 10.1 6.8 6.1 – – 4.5 25.0

Rb 122.4 118.6 134.9 – 259.1 8.9 47.9 10.2 55.4 25.2 22.8 38.7 n.a. 9.5 52.4 17.8 10.8 1900 – 160.0 39.0 8.1

Ni 54.3 25.5 39.6 38.6 38.6 37.7 35.7 17.2 42.9 38.2 36.0 52.4 n.a. 136.3 10.8 101.0 8.2 9.5 71.2 55.0 18.6 219.0

Co 13.5 10.5 13.4 23.7 23.7 17.1 11.9 13.6 18.3 7.3 25.1 25.9 n.a. 27.6 7.9 7.5 2.8 4.4 35.1 23.0 4.7 105.0

Cu 23.7 25.2 – 43.7 43.7 25.3 13.6 32.4 14.2 38.0 35.8 n.a. 51.5 9.3 – 12.1 6.6 193.1 50.0 – –

Sc 12.2 8.4 9.2 11.7 11.7 20.0 10.8 9.9 11.5 8.8 12.5 16.3 n.a. 18.7 5.7 5.0 14.5 13.4 – 16.0 132.7 30.0

Pb 24.6 25.0 – 35.4 – 37.3 – 11.5 14.7 54.1 17.9 34.7 n.a. 12.6 18.2 – 10.5 8.1 18.7 20.0 – –

Zn 56.0 53.0 – 94.0 94.0 24.2 – 43.8 55.8 72.9 83.6 90.3 n.a. 55.8 – – 22.5 26.2 123.8 85.0 – –

W 1.3 – – – – – 1.6 2.4 0.3 1.3 1.6 1.4 n.a. 0.0 1.5 – 0.9 0.3 – – 1.0 –

Sn 2.8 2.4 2.9 – 0.6 – – 2.5 0.3 4.2 2.9 3.6 n.a. 1.7 – – – – 3.7 – – 2.8

Th/Co 2.9 2.3 4.2 0.6 – 1.4 0.7 1.8 0.8 4.0 0.9 0.8 n.a. 0.3 3.2 3.2 3.8 4.6 – 0.6 1.2 0.1

n.a. not analysed. - not identified.
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Table 5
Rare earth elements (REE) element concentrations of sediments compiled from various sites at Cameroon (ppm).

site 1 site 2 site 3 site 4 site 5 site 6 site 7 site 8 site 9 site 10 site 11 site 12 site 13 site 14 site 15 site 16 site 17 site 18 site 19 site 20 site 21 site 22

La 60.71 66.94 65.60 47.24 45.58 14.23 31.63 54.27 46.01 81.18 62.37 50.54 38.91 47.13 47.4 65.50 19.07 39.39 n.a. 42.96 12.91 152

Ce 120.15 130.38 127.70 92.87 89.45 34.70 63.03 114.64 91.16 140.68 137.01 114.15 83.05 – 97.57 132.00 48.26 77.45 n.a. 80.38 25.98 309

Pr 14.14 14.96 14.35 11.38 11.10 4.45 7.38 12.40 9.55 15.39 14.78 12.46 9.64 13.74 10.9 14.95 4.07 8.11 n.a. 9.51 2.63 34.79

Nd 53.19 54.75 52.96 41.62 40.48 17.69 28.55 46.78 34.47 50.15 55.38 45.40 32.23 53.74 40.21 53.50 14.29 27.72 n.a. 34.40 9.81 129

Sm 9.44 10.59 9.26 7.39 7.15 3.67 5.80 7.88 5.57 7.07 9.78 8.89 5.84 10.35 6.93 8.95 2.40 4.31 n.a. 6.38 1.68 17.7

Eu 2.26 2.13 1.94 1.63 1.45 0.77 1.19 0.86 1.2 1.35 1.32 1.99 1.62 3.04 0.86 0.91 0.29 0.39 n.a. 1.08 0.31 4.77

Gd 7.64 7.67 7.20 7.23 6.95 2.36 5.35 4.57 4.16 4.38 6.43 7.33 5.18 9.74 4.89 8.24 1.80 3.19 n.a. 5.50 1.34 12.17

Tb 1.06 1.02 1.02 0.88 0.85 0.27 0.85 0.48 0.55 0.57 0.74 1.07 0.81 1.22 0.64 1.10 0.00 0.00 n.a. 0.88 0.22 1.59

Dy 6.15 7.22 5.60 4.08 3.88 1.06 5.00 2.43 3.07 3.05 3.90 6.13 4.17 6.30 3.67 6.44 1.12 1.58 n.a. 5.49 1.16 7.39

Ho 1.14 1.39 1.06 0.68 0.63 0.15 1.02 0.42 0.57 0.52 0.71 1.21 0.79 1.04 0.73 1.37 0.22 0.30 n.a. 1.13 0.25 1.24

Er 3.21 3.76 3.04 1.92 1.78 0.29 2.97 1.16 1.63 1.34 2.02 3.45 1.87 2.74 2.24 4.08 0.63 0.78 n.a. 3.39 0.75 3.08

Tm 0.44 0.46 0.42 0.24 0.20 0.03 0.41 0.17 0.23 0.17 0.29 0.51 0.29 0.00 0.35 0.64 0.00 0.00 n.a. 0.51 0.12 0.42

Yb 2.74 3.15 2.80 1.52 1.43 0.20 2.50 1.13 1.52 1.05 1.96 3.25 2.02 2.00 2.6 3.86 0.74 0.83 n.a. 3.41 0.88 2.57

Lu 0.40 0.46 0.42 0.22 0.20 0.03 0.36 0.17 0.23 0.14 0.29 0.47 0.26 0.00 0.41 0.64 0.13 0.18 n.a. 0.52 0.14 0.34

LREE 282.70 304.87 293.36 218.89 211.10 79.88 156.04 247.34 199.66 307.1 296.95 256.82 186.66 221.87 203.01 302.00 93.02 164.25 n.a. 195.51 58.19 677

HREE 259.90 279.74 271.80 209.35 202.15 75.51 142.93 236.82 184 295.8 287.08 233.42 171.28 195.17 218.84 284.50 88.43 157.35 n.a. 173.62 53.34 645

ΣHREE 22.80 25.13 21.56 29.54 8.95 4.37 13.11 10.52 15.66 11.23 9.90 23.41 15.38 12.83 15.56 18.00 4.63 6.85 n.a. 20.81 4.85 28.8

LREE/HREE 12.28 12.0–2 12.71 7.21 22.35 23.56 11.82 22.50 11.75 26.35 32.80 9.89 11.05 15.54 11.9 15.00 15.86 21.10 n.a. 9.89 11.04 23

Eu/Eu*(1) 1.25 1.10 1.11 0.45 0.64 1.22 1.00 0.54 0.76 0.74 0.50 0.75 0.86 1.41 0.55 0.43 0.57 0.51 n.a. 0.58 1.02 1.1

Eu/Eu*(2) 1.25 1.11 1.11 0.60 0.96 0.61 0.84 0.67 1.2 1.13 0.78 1.15 1.38 1.4 0.76 0.49 0.66 0.48 n.a. 0.85 0.93 1.5

Eu/Eu*(3) 1.24 1.13 1.13 1.19 1.63 0.79 1.04 0.76 1.16 1.14 0.51 0.75 0.90 0.92 0.45 0.32 0.42 0.31 n.a. 0.63 0.79 0.19

(La/Yb)N 1.79 1.64 1.77 1.50 20.61 5.05 1.01 34.03 2.43 5.71 25.61 10.53 13.51 12 11.53 11.26 16.35 30.23 n.a. 11.42 10.46 15.57

La/Sc 6.78 30.49 – 4.24 4.24 0.71 2.92 5.46 3.99 9.24 5 3.11 – 2.54 18.2 14.18 2.0 – n.a. 2.77 4.72 0.5

La/Th 4.73 2.48 3.54 3.99 3.4 0.61 3.45 2.24 3.03 2.77 2.65 2.3 – 5.28 1.88 2.99 1.77 4.09 n.a. 2.94 2.53 2.69

La/Yb 22.15 21.25 23.43 31.54 30.92 71.15 5.69 48.02 30.26 77.31 31.82 15.55 19.26 23.56 18.23 16.96 25.77 48.06 n.a. 12.59 15.48 59.14

n.a. not analysed. - not identified.
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Table 5 shows the contents of rare earth elements (REE) at
each site studied. In the context of this work, the majority of
the sites studied show high contents of Ce (25.98–309 ppm),
La (19.07–152 ppm), and Nd (14.29–129 ppm). The praseo-
dymium values obtained are mostly moderate in all the sites,
which vary from 12.46 to 34.79 ppm. The contents of other
elements show values below 10 ppm at all sites (Table 5). In all
the sites the abundance of ΣREE is low and varies from
(4.37–29.54), with a relatively higher abundance LREE
(58.19–677) than HREE (53.34–645). LREE/HREE ratio of
sediments at all sites range between 9.89 and 32.80, these
values revealed that the sediments in Cameroon are more
enriched in LREE. On PAAS, UCC and chondrite-normalized
REE patterns, slight positive Eu anomalies are observed for at
most sites (Eu/Eu* = 0.19–1.41, 0.60–1.5, and 0.19–1,63,
respectively). High to moderate values of (La/Yb)N is
observed, ranging between 5.05 and 34.03 in most sites (Table
5). These values reflect the combination of sediments derived
from heterogenous source rocks during weathering processes.

5. Discussion
5.1. Classification of sediments
In the Herron diagram (Herron, 1988), the sediments of
Cameroon are classified into several domains especially Fe-
Fig. 3. Geochemical classification of the Cameroon's sediments, using l

114
shale, shale, Fe-sand, wacke, arkose, litharenite, sub-
litharenite and quartzarenite (Fig. 3). In short, the sediments
which come from sedimentary basins are classified as shale,
Fe-shale, Fe-sand, arkose, and wacke (Fig. 3). Sediments from
rivers (Mefou, Ngaye and Lokoundje), and lakes (Ossa,
Ngaoundaba and Fonjak) are plotted in the shale, Fe-shale and
shale fields. Recent sediments (Simbock Lake) are classified as
Fe-Sand and litharenite as well as the sediments of the biggest
rivers that flow directly into the Atlantic Ocean (Sanaga,
Nyong, Dibamba and Lobe). The sediments of swamp, plain
and beaches near the volcanic line areas of Cameroon are
classified as Shale, Fe-sand and wacke. While, those from other
beaches are classified as sublitharenite (Fig. 3). Furthermore,
the sediments that fall in the field of Fe-sand and quartz arenite
suggests that these sediments originate from granitic and Fe-
bearing bedrock and also reflects the presence of quartz and
feldspars in the sediments, indicating the predominance of
felsic and mafic sources (Abu and Sunkari, 2020a, 2020b).
Likewise, the arkose and sublitharenite would be due to the
abundance of rock fragments and feldspars.
5.2. Weathering and nature of source rocks
Table 3 reports three weathering indices (CIA, PIA and
CIW). The chemical index of weathering values of the studied
sediments shows that, the values of the samples from all these
og (Fe2O3/K2O) vs log (SiO2/Al2O3) diagram (after Herron, 1988).



Fig. 4. Ternary diagram showing the weathering conditions of the studied sediments: A–CN–K (after Nesbitt and Young, 1982).
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sites ranges between 60 and 80, and >80, which indicates that
the sediments of this zone would have undergone a moderate to
strong weathering intensity. Moreover, the sediments from the
northern region of the country, the biggest rivers, and the
meridional sand beaches presents a low to moderate degree of
alteration. It is in accordance with the values of CIA, which
indicate strong and moderate weathering of the source rocks as
it is excepted in equatorial area (Liu et al., 2016) as well as the
siliciclastic nature of sediments (Fedo et al., 1995). The PIA
and CIW values reflect the intense feldspars alteration (Fedo
et al., 1997; Mbale Ngama et al., 2019). The enrichment of
the K2O/Na2O ratio (0.34–57.50) implies plagioclase disinte-
gration as K-feldspar during weathering (Gu et al., 2002;
Armstrong-Altrin et al., 2015, 2022) and/or K-reintroduction in
the system during diagenesis (Madhavaraju and Lee, 2010;
Madhavaraju, 2015).

Fig. 4, presents the distribution of oxides in the ternary di-
agram A–CN–K. The present study shows that the samples
from all stations are positioned above the K- feldspars and
plagioclase line, with the exception of certain samples from
115
sedimentary basin which are below this line. This diagram
shows that plagioclases are more easily dissolved than K-
feldspars, therefore the sample positions are most likely due to
the differential dissolution of labile minerals. It's also possible
that K2O was added to the aluminous clay during the diagen-
esis process. The position of samples near different minerals
(Fig. 4) confirms the mineralogical assemblage obtained by the
XRD data (Table 2). This result shows that the sediments from
Cameroon derived from several source rocks (igneous, meta-
morphic and sedimentary) including basalt, gneiss, granite,
granodiorite and shale, which is confirmed by the geology of
each region mentioned in this study.
5.3. Provenance
Concentrations of major elements, such as Al2O3 and TiO2,
as well as trace elements (i.e., Hf, Th, Sc, Cr, Zr, Ni, V, and
Co), REE and mineralogy in clastic sediments are commonly
used to infer the provenance of sedimentary clastic rocks,
because they tend to reflect the source rock (Madhavaraju et al.,



Fig. 5. Bivariate plots for the samples from sites studied: a) TiO2 versus Zr (after Hayashi et al., 1997), b) La/Sc vs Th/Co (after Cullers, 2000), c) Hf vs La/Th (after
Floyd and Leveridge, 1987), d) Ce vs La/Yb (after Rao et al., 2011), e) Discriminant function plot of Roser and Korsch (1988). The discriminant functions are:
Discriminant Function 1 = (−1.773*TiO2) + (0.607*Al2O3) + (0.760*Fe2O3) + (−1.500*MgO) + (0.616*CaO) + (0.509*Na2O) + (−1.224*K2O) + (−9.090);
Discriminant Function 2 = (0.445*TiO2) + (0.070*Al2O3) + (0.250*Fe2O3) + (−1.142*MgO) + (0.438*CaO) + (1.475*Na2O) + (−1.426*K2O) + (−6.861).
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2016; Verma and Armstrong-Altrin, 2016; Anaya-Gregorio
et al., 2018; Ramírez-Montoya et al., 2022). The REE pattern
and the extent of the Eu anomaly can be used to depict the
source rock (Etemad-Saeed et al., 2011; Armstrong-Altrin
et al., 2004; 2016; 2021b). The minerals identified on the
XRD, in particular: quartz, clay minerals, heavy minerals,
feldspars and rock fragments indicates that the sediments of the
Cameroonian zone could come from a recycled orogeny, felsic,
intermediate, and mafic source. These results corroborate those
of Armstrong-Altrin et al. (2015) in Mexico, Abu and Sunkari
(2020a, b) in Ghana, Ramamoorthy and Nazir (2020) in India.
The geochemical data of sediments from Cameroon has been
presented in a series of binary diagrams, which are often used
in provenance investigations to determine the composition of
their source rock (Fig. 5). Hayashi et al. (1997) proposed a
binary diagram of Zr vs TiO2 that has been used by various
authors in sedimentary provenance study. This diagram can be
used to identify mafic rocks (TiO2/Zr > 200), intermediate
rocks (TiO2/Zr ranging between 55 and 200), and felsic
igneous rocks (TiO2/Zr < 55). In this study, most of the
samples from the selected sites are plotted in the igneous felsic
rocks field. The sediments from small rivers and lakes from the
Center of the Cameroon fall exclusively in the domain of mafic
igneous rocks. The sediments from big rivers fall in the mafic
and intermediate igneous domain. On this diagram, the sedi-
ments from rivers and lakes at Adamawa and those from the
beaches near the volcanic lines fall mainly in the field of in-
termediate igneous and mafic rocks (Fig. 5a). By grouping
these data, it seems that the sediments of southwest and those
of the Adamawa Region come from felsic, mafic and inter-
mediate igneous sources, the origin of these sediments differs
from sediments studied in India by Tiju et al. (2018), and those
of Saudi Arabia by Bantan et al. (2020). Sediments in the South
come mostly from felsic sources, these sediments are compared
with sediments of floodplain in Southern Kerala, India (Tiju
et al., 2018), and those in the Central region come mainly
from mafic sources. The sediments in the North come from
mafic and intermediate igneous sources, these sediments are
similar to those in Saudi Arabia by Bantan et al. (2020). While
those of the eastern coast come from felsic and intermediate
igneous sources, these sediments are compared with those of
estuarine sediments in southern Kerala, India (Tiju et al.,
2018).

Source composition can be determined using elemental ra-
tios such as Th/Co, La/Sc, and Th/Co vs La/Sc bivariate plot
(Cullers, 2000). The values of Th/Co (0.67–19.4) and La/Sc
(2.50–16.3) are suggestive of felsic source, while those of Th/
Co (0.04–1.4) and La/Sc (0.43–0.86) are indicative of mafic
source. In this study, Th/Co (0.35–4.60) and La/Sc
(2.00–30.49) indicate mostly felsic source rocks for all the sites
except the site of Limbe beaches near volcanic line of
Cameroon, which indicate mafic source rocks. This result is
showed in the Th/Co vs La/Sc diagram, where all the samples
of the different sites plotted around the field of felsic igneous
rocks, except the site of Limbe beaches, which shows that these
samples plot in the field of mafic igneous rocks (Fig. 5b).
Furthermore, high zircon concentrations (up to 1883.0 ppm)
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imply granitic or recycled detrital rock sources (Carranza-
Edwards et al., 2001).

The La/Th vs Hf (Fig. 5c; Floyd and Leveridge, 1987) and
La/Yb vs Ce (Rao et al., 2011, Fig. 5d) plots are used to
differentiate mafic from felsic pristine rocks. The La/Th vs Hf
binary diagram shows that sediment particles of all sites
derived from a source area composed of intermediate, mixed
felsic/intermediate and felsic rocks. This diagram further re-
veals the presence of old sediment components represented by
samples of Southwest (DSB) and Lobe river in the South.
Moreover, the samples plot in the field of mafic and interme-
diate sources. This result is consistent with the presence of
possible Pan African metasediments. In the La/Yb vs Ce dia-
gram, all the samples from the different sites are close to the
field of felsic and intermediate provenance. Except the sedi-
ments of Limbe beaches near the volcanic line which fall in the
field of mafic provenance.

A number of studies (e.g., Nagarajan et al., 2007; Etemad-
Saeed et al., 2011; Zaid, 2012; Ramos-Vázquez et al., 2022)
have inferred the source rock composition of sedimentary
clastic rocks using the discriminant function diagram proposed
by Roser and Korsch (1988), this diagram discriminates four
possible sources of sediments: mafic, felsic, intermediate, and
quartzose sedimentary origin (Fig. 5e). According to this dia-
gram, the sediments of the various studied sites plotted on
either side of the four groups. This diagram reveals that the
sediments from Kadey plain, and Ossa lake are derived from
igneous felsic provenance. This felsic provenance may be
linked to gneisses, pre- Pan African granitoids, and volcanic
rocks (Ekoa Bessa et al., 2021a, 2021b). Samples studied from
sedimentary basins, rivers from the Adamawa, and the swamp
in the East, derived from intermediate igneous provenance
(Fig. 5e). This intermediate provenance is attributed to the
mixture of gneisses, metasediments and amphibolites located
near to the study area, it also indicates that sediments derived
from the mixed provenance (Ekoa Bessa et al., 2021a). The
sediments of numerous rivers (Mefou, Sanaga, Lobe, Nyong
and Dibamba), some lakes (Simbock and Ngaoudaba), and
beaches in the meridional littoral of Cameroon derived from
quartzose sedimentary provenance (Fig. 5e). This quartzose
sedimentary origin linked to acidic rocks (Nanga Bineli et al.,
2020). This indicates the predominance of mature polycyclic
siliciclastic rocks, with subordinate contribution from first
cycle basic and felsic rocks (Kontchipe et al., 2021; Sonfack
et al., 2021). The sediments from volcanic line of Cameroon
derived from mafic igneous provenance (Fig. 5e). This mafic
provenance is made up of Tertiary formations with also am-
phibolites, pyroxenites, and amphibolite gneisses (Lerouge
et al., 2006).

6. Conclusion and recommendations

The following conclusions can be drawn from this work.

1. The sediments from Cameroon (Central Africa) consist of
quartz, feldspar, clay minerals, heavy minerals, ferric
minerals and rocks fragments. These sediments mainly
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consist of SiO2, Al2O3, and Fe2O3 in high amount, they are
rich in some trace elements (Ba, Zr, Sr, Cr, and V), rich in
silica and light rare earths (LREE).

2. Cameroon's sediments are classified as Fe-shale, shale, Fe-
sand, wacke, arkose, litharenite, sublitharenite and quartz-
arenite. The weathering indexes, as well as A–CN–K
ternary diagram show mostly moderate and strong weath-
ering of the rock sources. Likewise, the result of nature of
source rocks show that sediments of Cameroon derived
from several source rocks including Tertiary and recent
basalts, gneisses, granitoids, recent sediments and Phan-
erozoic cover.

3. These databases represent the first national survey on
the provenance of sediments in Cameroon, and we except
that these results will be useful for future work to infer
the depositional environments. Moreover, it can also make
it possible to identify the zone which have a high con-
centration of placer deposits and sediments enriched in
trace elements, which is important to facilitate their
exploration.
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Puig, T., Espinoza-Maldonado, I.G., Grijalva-Noriega, F.J., 2016. Paleo-
climate, paleoweathering and paleoredox conditions of Lower Cretaceous
shales from the Mural Limestone, Tuape section, northern Sonora, Mexico:
constraints from clay mineralogy and geochemistry. Rev. Mex. Ciencias
Geol. 33, 34–48.

Mbabi Bitchong, A., Adatte, T., Ngon, G.F.N., Ngos, S., Bilong, P., 2021.
Palynology, mineralogy and geochemistry of sediments in Tondè locality,
northern part of Douala sub-basin, Cameroon, Central Africa: implication
on paleoenvironment. Geosci. J. 25, 299–319. https://doi.org/10.1007/
s12303.020.0021-z.

Mbale Ngama, E., Sababa, E., Bayiga, E.C., Ekoa Bessa, A.Z., Ndjigui, P.D.,
Bilong, P., 2019. Mineralogical and geochemical characterization of the
unconsolidated sands from the Mefou River terrace, Yaounde area,
Southern Cameroon. J. Afr. Earth Sci. 159, 103570. https://doi.org/
10.1016/j.jafrearsci.2019.103570.

Nagarajan, R., Armstrong-Altrin, J.S., Nagendra, R., Madhavaraju, J.,
Moutte, J., 2007. Petrography and geochemistry of terrigenous sedimentary
rocks in the Neoproterozoic Rabanpalli formation, Bhima Basin, northern
Karnataka, Southern India: implications for paleoweathering condition,
provenance, and source rocks composition. J. Geol. Soc. India 70, 297–312.

Nakao, A., Sugihara, S., Maejima, Y., Tsukada, H., Funakawa, S., 2017.
Ferralsols in the Cameroon plateaus, with a focus on the mineralogical
control on their cation exchange capacities. Geoderma 285, 206–216.
https://doi.org/10.1016/j.geoderma.2016.10.003.

Nanga Bineli, M.T., Onana, V.L., Noa Tang, S.D., Bikoy, Y.R., Ekodeck, G.E.,
2020. Mineralogy and geochemistry of sands of the lower course of the
Sanaga River, Cameroon: implications for weathering, provenance, and
tectonic setting. Acta Geochim. 40, 348–365. https://doi.org/10.1007/
s11631-020-00437-z.

Ndjigui, P.-D., Ebah Abeng, S.A., Ekomane, E., Nzeukou, N.A., Ngo
Mandeng, F.S., Lindjeck, M.M., 2015. Mineralogy and geochemistry of
spseudogley soils and recent alluvial clastic sediments in the Ngog-Lituba

https://doi.org/10.1139/e95-151
https://doi.org/10.1016/S0301-9268(96)00058-7
https://doi.org/10.1016/S0301-9268(96)00058-7
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref51
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref51
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref51
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref51
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref51
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref51
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref51
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref51
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref51
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref51
https://doi.org/10.1144/gsjgs.144.4.0531
https://doi.org/10.1144/gsjgs.144.4.0531
https://doi.org/10.1016/j.jafrearsci.2009.01.002
https://doi.org/10.1016/j.jafrearsci.2009.01.002
https://doi.org/10.1016/j.earscirev.2019.102918
https://doi.org/10.1016/j.chemgeo.2020.119860
https://doi.org/10.1016/j.chemgeo.2020.119860
https://doi.org/10.1016/j.chemgeo.2020.119997
https://doi.org/10.1016/j.chemgeo.2020.119997
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref60
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref60
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref60
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref60
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref60
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref60
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref60
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref60
https://doi.org/10.1306/081601720393
https://doi.org/10.1306/081601720393
https://doi.org/10.1016/0037-0738(88)137-6
https://doi.org/10.1016/S0016-7037(97)00214-7
https://doi.org/10.1016/S0016-7037(97)00214-7
https://doi.org/10.1306/212F8E77-2B24-11D7-8648000102C1865D
https://doi.org/10.1306/212F8E77-2B24-11D7-8648000102C1865D
https://doi.org/10.1029/2019GL086150
https://doi.org/10.1029/2019GL086150
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref70
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref70
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref70
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref70
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref70
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref70
https://doi.org/10.1016/j.gexplo.2016.01.010
https://doi.org/10.1007/s12517-021-07145-9
https://doi.org/10.1016/j.jafrearsci.2022.104473
https://doi.org/10.1016/j.sedgeo.2008.12.004
https://doi.org/10.1016/j.sedgeo.2008.12.004
https://doi.org/10.1016/j.jafrearsci.2005.11.010
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref77
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref77
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref77
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref77
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref77
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref77
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref77
https://doi.org/10.1016/j.earscirev.2015.08.005
https://doi.org/10.1016/j.earscirev.2015.08.005
https://doi.org/10.1016/B978-0-12-419968-2.00008-x
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref80
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref80
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref80
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref80
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref81
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref81
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref81
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref81
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref81
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref81
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref81
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref81
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref81
https://doi.org/10.1007/s12303.020.0021-z
https://doi.org/10.1007/s12303.020.0021-z
https://doi.org/10.1016/j.jafrearsci.2019.103570
https://doi.org/10.1016/j.jafrearsci.2019.103570
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref88
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref88
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref88
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref88
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref88
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref88
https://doi.org/10.1016/j.geoderma.2016.10.003
https://doi.org/10.1007/s11631-020-00437-z
https://doi.org/10.1007/s11631-020-00437-z


V. Ambassa Bela, A.Z. Ekoa Bessa, J.S. Armstrong-Altrin et al. Solid Earth Sciences 8 (2023) 105–122
region, Southern Cameroon: an implication to their genesis. J. Afr. Earth
Sci. 108, 1–14. https://doi.org/10.1016/j.jafrearsci.2015.03.023.

Ndjigui, P.-D., Onana, V.L., Sababa, E., Bayiga, E.C., 2018. Mineralogy and
geochemistry of the Lokoundje alluvial clays from the Kribi deposits,
Cameroonian Atlantic coast: implications for their origin and depositional
environment. J. Afr. Earth Sci. 143, 102–117. https://doi.org/10.1016/
j.jafrearsci.2018.03.023.

Ndjigui, P.-D., Bayiga, E.C., Onana, V.L., Djenabou-Fadil, S., Ngono, G.S.A.,
2019. Mineralogy and geochemistry of recent alluvial sediments from the
Ngaye River water shed, northern Cameroon: implications for the surface
processes and Au-PGE distribution. J. Afr. Earth Sci. 150, 136–157. https://
doi.org/10.1016/j.jafrearsci.2018.10.012.

Nesbitt, H., Young, G.M., 1982. Early Proterozoic climates and plate motions
inferred from major element chemistry of lutites. Nature 299, 715–717.
https://doi.org/10.1038/299715a0.
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2007. Archaean high-k granitoids produced by remelting of earlier
Tonalite-Trondhjemite-Granodiorite (TTG) in the Sangmelima region of the

https://doi.org/10.1016/j.jafrearsci.2015.03.023
https://doi.org/10.1016/j.jafrearsci.2018.03.023
https://doi.org/10.1016/j.jafrearsci.2018.03.023
https://doi.org/10.1016/j.jafrearsci.2018.10.012
https://doi.org/10.1016/j.jafrearsci.2018.10.012
https://doi.org/10.1038/299715a0
https://doi.org/10.1016/S0899-5362(00)00094-4
https://doi.org/10.1016/S0899-5362(00)00094-4
https://doi.org/10.4236/ijg.2012.33055
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref98
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref98
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref98
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref98
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref98
https://doi.org/10.4236/ijg.2017.84021
https://doi.org/10.1016/j.jafrearsci.2019.02.021
https://doi.org/10.1016/j.jafrearsci.2019.02.021
https://doi.org/10.1016/j.jafrearsci.2019.103550
https://doi.org/10.1016/j.jafrearsci.2019.103550
https://doi.org/10.1016/j.jafrearsci.2020.103763
https://doi.org/10.1016/j.jafrearsci.2017.04.002
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref105
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref105
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref105
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref105
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref105
https://doi.org/10.1080/00206810903442402
https://doi.org/10.1080/00206810903442402
https://doi.org/10.15094/00003129
https://doi.org/10.15094/00003129
https://doi.org/10.1016/j.jafrearsci.2018.09.024
https://doi.org/10.1016/j.jafrearsci.2018.09.024
https://doi.org/10.1016/j.jafrearsci.2010.09.003
https://doi.org/10.1016/j.jafrearsci.2010.09.003
https://doi.org/10.1016/j.precamres.2021.106220
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref114
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref114
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref114
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref114
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref114
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref118
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref118
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref118
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref118
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref118
https://doi.org/10.1007/978-981-19-4782-7_12
https://doi.org/10.1007/978-981-19-4782-7_12
https://doi.org/10.1007/s12040-020-01491-0
https://doi.org/10.1007/978-981-19-4782-7_7
https://doi.org/10.1007/978-981-19-4782-7_7
https://doi.org/10.1016/j.marpetgeo.2019.07.032
https://doi.org/10.1016/j.marpetgeo.2019.07.032
https://doi.org/10.1016/j.chemer.2011.02.003
https://doi.org/10.1016/0009-2541(88)90010-1
https://doi.org/10.1016/0009-2541(88)90010-1
https://doi.org/10.1016/j.chemer.2008.04.001
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref128
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref128
http://refhub.elsevier.com/S2451-912X(23)00012-0/sref128
https://doi.org/10.1016/j.jafrearsci.2004.07.005
https://doi.org/10.1016/j.jafrearsci.2004.07.005


V. Ambassa Bela, A.Z. Ekoa Bessa, J.S. Armstrong-Altrin et al. Solid Earth Sciences 8 (2023) 105–122
Ntem complex of the Congo craton, southernCameroon. Int. J. Earth Sci.
96, 817–841. https://doi.org/10.1007/s00531-006-0141-3.
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