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Abstract
An integration of geochemistry, mineralogical and palynological data is used to depict the sediment
provenance and distribution, the sedimentary environment and the paleogeographic evolution of the
Cretaceous Atlantic Basin of Cameroon. The basin is located along the African western coast, in the heart
of the Guinea Gulf, and includes the Campo, Douala, and Rio-del-Rey sub-basins from South to North. The
sediments of the Campo sub-basin are derived from rocks of intermediate composition, those of the
Douala sub-basin from intermediate to ma�c rocks in the southern and felsic rocks in the northern parts,
and those of the Rio-del-Rey sub-basin from felsic rocks with a contribution of rocks of intermediate
composition. The paleoweathering index and Index of Chemical Variability values, ranging respectively
from 71.26 to 76.88 and 0.98 to 2.12, 67.15 to 99.39 and 0.37 to 0.90 and 73.17 to 92.90 and 0.44 to
10.03 respectively for Campo, Douala and Rio-del-Rey sub-basins, indicate sub-maturity, high maturity
and sub- to high maturity, respectively, of the Campo, Douala and Rio-del-Rey deposits. Al2O3 vs. V and
Al2O3 vs. P2O5 plots, and palynologic data such as marine (e.g. dino�agellates and microforaminifera
and continental species (e.g. Classopollis sp., Ephedripites sp., Botryococcus sp.) suggest a deposition in
more or less deep lacustrine (Campo sub-basin), �uvio-deltaic to shallow marine (Douala sub-basin), and
marginal to shallow marine (Rio-del-Rey sub-basin) environments. Chemical Index of Alteration, X-Ray
diffraction and palynologic data point to arid to semi-arid, semi-arid and arid to semi-arid conditions,
respectively in the Campo, Douala and Rio-del-Rey sub-basins. The tectonic setting diagram suggests
collision tectonic events that are inconsistent with the classic geological history of the Atlantic Basin. The
situation is in fact related to Precambrian events that affected the basement rocks from which the
studied sediments were derived, and probably to the compressional tectonics during the evolution of the
South Atlantic Ocean. Although these sub-basins share the same geological history, there are some
differences, such as the degree of sediment maturity, the diagenetic effects, the lithology of rock sources,
the paleoenvironments of deposition and their �uctuation, depending on the moment the tectonic of
Atlantic opening reached them (northward progression of the W-E extension) and the northern shearing
along the southern area of the Benue through axis (Rio-del-Rey). The geological history of the Cameroon
Atlantic Basin is similar to those of Gabonese and Nigerian basins, along the African western coast, and
of those of the Brazilian basins along the eastern coast (Santos Basin to Pernambuco-Paraiba Basin)

1. Introduction
The history of the Atlantic Basin is related to the breaking up of the Gondwana continent initiated during
the Late Jurassic-Early Cretaceous transition with the opening of the South Atlantic Ocean between the
South American and African plates (Boltenhagen 1976; Salard-Cheboldaeff 1978; Maurin and Guiraud
1993; Edet and Nyong 1994; Pletsh et al. 2001; Chen et al. 2013; Njike Ngaha et al. 2014), the Central
Atlantic (Scotese 2001; Afenzar and Essamoud 2018; Dowla et al. 2018) and the North Atlantic (Alves
and Cunha 2018). Many studies of the Western African Margin, e.g. Cameroon margin (Nguene et al.
1992; Ntamak-Nida et al. 2008, 2010; Njike Ngaha et al. 2014; Njoh and Taku 2016; Njoh et al. 2018), the
Nigerian margin (Adediran et al. 1991; Boboye and Okon 2014; Madukwe 2019) and the East Brazilian
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margin (Koutsoukos et al. 1991; Karner and Driscoll 1999; Carvalho et al. 2006) revealed the common
history of these margins. A similar Cretaceous magmatism has also been reported in both sides of the
South Atlantic (Goode et al. 2018; Kurobasa et al. 2018). The Cameroon Atlantic Basin which resulted
from this geodynamic activity during Early Cretaceous times (Fig. 1) comprises three sub-basins, from
south to north, the Campo, the Douala, and the Rio del Rey sub-basins.

The Campo sub-basin typically consists of Cretaceous deposits, while the Douala (Nkenfack et al. 2012;
Mbesse et al. 2012; Njike and Eno Belinga 1987; Njike Ngaha et al. 2014) and Rio-del-Rey (Njoh et al.
2018) sub-basins are composed of Cenozoic �llings, in addition to Cretaceous deposits.

These Cretaceous sub-basins have been the subject of several palynological and biostratigraphic studies,
by Belmonte (1966), Chevalier (1982), Njike Ngaha and Eno Belinga (1987) and Ntamak-Nida et al. (2008)
in the Aptian-Albian Campo sub-basin; by Salard-Cheboldaeff (1977, 1978, 1979, 1981) in the
Maastrichtian, Njoh et al. (2014) in the Albian-Turonian, Njike Ngaha et al. (1987), Njike Ngaha et al.
(2014) in the Cenomanian-Turonian of the Douala sub-basin and by Njoh et al. (2013a,b, 2018) in the
Albian-Maastrichtian of the Rio-del-Rey sub-basin;

The Cretaceous deposits are very diversi�ed. In the Campo and Rio-del-Rey sub-basins they consist of
varied coarse- and �ne-grained materials suggesting diversi�ed sedimentation conditions and origins
(Njike Ngaha and Eno Belinga 1987, Ntamak-Nida et al. 2008, 2010, for the Campo area and Njoh et al.
2013a, b, 2016, 2018 for Rio-del-Rey area). Sediment distribution and provenance have been carried out in
the Atlantic Basin both from sedimentology ( Douala sub-basin, e.g. Njike Ngaha 1984; Njike Ngaha and
Eno Belinga 1987; Tchouatcha et al. 2021a), Rio-del-Rey sub-basin (Njoh and taku 2016; Njoh et al. 2018)
and Campo sub-basin (Ntamak-Nida et al. 2008, 2010) and geochemistry (Douala sub-basin, e.g.
Ngueutchoua et al. 2017, 2019a, b, Esue et al. 2021; Tchouatcha et al. 2021a) and Campo sub-basin
(Ashukem et al. 2022). Despite these numerous studies, it appears that, sedimentation conditions and
sediment provenance derived from geochemistry of �ne-grained sediments in the Campo and Rio-del-Rey
sub-basins and parts of the Douala sub-basin are still lacking, as stratigraphic correlation between the
sub-basins and other basins on both sides of the Atlantic Ocean.

For a better understanding of the Cameroon coastal basins, a reliable correlation between the three sub-
basins is needed. In this study, we use geochemical and mineralogical signatures of �ne-grained
sediments as well as palynologic data combined with those from previous works (Belmonte 1966;
Chevalier 1982; Njike Ngaha and Eno Belinga 1987; Ntamak-Nida et al. 2008; Njoh et al. 2013a,b, 2014,
2018; Njike Ngaha et al. 2014) to depict the depositional environment, the geodynamic context and the
paleogeographic settings of the three sub-basins in order to establish a reliable correlation between these
sub-basins and other basins in the West African margin, such as the coastal basins in Gabon (Teisserenc
and Villemin 1989; Dupre et al. 2007; Chen et al. 2013), Nigeria (Adediran et al. 1991; Boboye and Okon
2014; Madukwe 2019; Oyebanjo et al. 2021), and those along the East Brazilian margin (De Ros et al.
2033; Valença et al. 2003) with share the same broad geological history.
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We have also to note that the �ne-grained sediments (very abundant in the Rio-del-Rey sub-basin) are
more useful to constrain geochemical signature than the coarse ones (Taylor and McLennan 1985).

2. Geological Setting
The Cameroon Atlantic basin is structured from the south to the north by the Campo, Douala and Rio del
Rey sub-basins. Each sub-basin comprises an offshore and an onshore part, and the present work
concerns only the onshore outcrops.

The onshore part of the Campo sub-basin covers a surface of approximately 45 km2 (Ntamak-Nida et al.
2008, 2010), with outcrops located along the beach of Campo town. The deposits belong to the lower
part of the basal sandstones « Grès de base » lithofacies of the lower/middle Cretaceous of the Atlantic
Basin of Cameroon (Dumort 1968; Njike Ngaha and Eno Belinga 1987; Njike Ngaha et al. 2014). The
deposits, probably more than 500m thick, are characterized by a piedmont continental and lacustrine
sedimentation in the open coastal zone on a narrow sea (Njike Ngaha and Eno Belinga 1987). The
stratigraphic column (Fig. 2C) shows an alternation of conglomerates, arkosic sandstones, micaceous
and ligneous claystones or shales and siltstones (Andreef 1947; Reyre 1959; Njike Ngaha and Eno
Belinga 1987). These facies are frequently calcareous with varied concentrations. The sedimentary
succession is characterized by a major retrogradation/progradation cycle with a well-developed
progradation trend of the facies (Ntamak-Nida et al. 2010). At the basin margin, �uctuations in the
lacustrine setting and sediment supply were controlled by active faults (Ntamak-Nida et al. 2010). The
sedimentation took place in a series of asymmetrical horst- and-graben basins affected by a combination
of N-S faults crossed by N60°E trending faults induced by the transformed movement of the South
Atlantic (Benkhelil et al. 2002).

In the Douala sub-basin, covering about 6900 km2 (onshore surface), seven formations are reported
(Nguene et al. 1992), and some new terminologies have been proposed (Tchouatcha et al. 2021) since
the former terminologies didn't completely match the speci�c scheme of the stratigraphic guide. These
new proposed (informal ‘formations’) terminologies and the stratigraphy of the Cretaceous (Fig. 2B) of
the Douala sub-basin are hereafter presented from bottom to top as follows:

The Mundeck Formation: (?) Albian-Turonian, composed of continental to �uvio-deltaic deposits
(�ne-grained to conglomeratic sandstones with clayey silty intercalations) and rare interbedded
shallow marine facies (Njike Ngaha and Eno Belinga 1987; Nguene et al. 1992);

(?) The Loungahé formation (formerly Logbadjeck Formation): Coniacian-Campanian,), composed of
�uvio-deltaic deposits lying in conformity or unconformity on the Mundeck Formation. The facies
consist of micro-conglomerates, sands or weakly consolidated medium- to coarse-grained
sandstones, silty and sandy clays, and limestones with marly calcareous intercalations (Njike Ngaha
and Eno Belinga 1987);

(?) The Moungo formation: Upper Campanian-Maastrichtian (formerly Logbaba Formation), only
recognized through drilling and composed of weakly consolidated sands and sandstones, clays with
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locally sandstones, schistose clays and limestones (Njike Ngaha, 1984), in conformity or
unconformity on older formations.

In the Rio del Rey sub-basin, the stratigraphy exhibit seven units (Njoh et al. 2013), with four belonging to
the Cretaceous (Fig. 2A). From bottom to top they are the following:

Neocomian-Albian unit (“Grès de base”, Dumort 1968) made up of �uvio-lacustrine mudstones,
sandstones and conglomerates overlying the Precambrian basement ;

Albian-Cenomanian unit (Njoh et al. 2013a) consisting of thin beds of limestones and calcareous
shales interbedded within dark grey and black shales ;

Turonian-Coniacian unit (Njoh et al. 2013b) made up of dark grey calcareous shales interbedded by
marlstones, limestones and siltstones.

Campanian-Maastrichtian unit (Kita Formation, Njoh et al. 2013b) made up mainly of calcareous
shales.

3. Methods
Thirty thin sections of the representative Cretaceous �ne-grained facies were prepared at the University of
Assiut (Egypt) and Langfang Rock Detection Technology Services Ltd in Hebei (China). The petrographic
study was carried out at the Laboratory of Petrology and Structural Geology at the University of Yaoundé
1, Cameroon.

The X-ray diffraction (XRD) patterns were obtained from the laboratory of “Argiles, Géochimie et
Environements Sédimentaires)” at the University of Liège, Belgium and the XRD Unit at the Sohag
University, Egypt. The analyses were carried out on the bulk material (non-oriented powder with grinded
particles < 50 µm) of clays, shales, or silty claystones from the three studied sub-basins. The XRD
patterns were recorded over the 2-70o2θ angular range for the bulk material. The step sizes used in the
analysis were 0.02o2θ, and the time per step was 0.25s. Seventeen new samples were analyzed.

Whole-rock geochemical analyses of thirty samples, among which twenty new samples, of �ne-grained
facies (clay /claystones, shales, siltstones, and very �ne-grained sands/sandstones respectively from
Campo, Douala, and Rio-del Rey sub-basins), were carried out at The Bureau Veritas Commodities,
Vancouver, Canada. Samples (homogenized powders) were mixed with LiBO2/Li2B4O7 �ux. Crucibles

were fused in a furnace at 1000oC. The cooled bead was dissolved in ACS grade nitric acid. Trace
elements (including rare earth elements = REE) were determined by inductively coupled plasma mass
spectrometry (ICP-MS). Inductively coupled plasma-atomic emission spectrometry (ICP-AES) was used to
obtain major element oxides. Loss on ignition (LOI) was determined by igniting a sample split and then
measuring the weight loss. The assay uncertainties varied from 0.1–0.04% for major elements, 0.1 to
0.5% for trace elements, and 0.01 to 0.5 ppm for rare earth elements. Accuracy for REE is estimated at 5%
for concentrations > 10 ppm and 10% when lower.
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The palynological analyses of 16 samples, among which ten new samples, were carried out in the
laboratory of palynology of the Geology Department (Assiut University, Egypt) following the method
described in Mahmoud (2000), focusing only on the discrimination of continental and marine species.

4. Results

4.1. Lithology
In the Campo sub-basin, the �ne-grained sediments alternate with coarse-grained sediments (sandstones
and conglomerates), but the area is widely dominated by coarse-grained facies. The �ne-grained
sediments are compact and greyish to very black in color, millimetric to metric in thickness, affected by
varied sedimentary structures such as lamination, bedding (Fig. 3A), and convolution. The tectonic
structures such as listric faults (Fig. 3B) affected these deposits. Their microstructures are varied, �ne-
grained. and iso- to hetero-granular (Fig. 4A and B), laminated (Fig. 4A) with sometimes micro-boudinage.
The mineralogy consists of abundant quartz and feldspar (30–60%), followed by muscovite, which
sometimes reaches up to 20% of the bulk, and organic matter (3–45%). Four lithofacies of studied �ne-
grained sediments were identi�ed in the �ne-grained deposits from the Campo sub-basin; the massive or
thin laminated claystones (Fml), the heterolothic mixture of claystones and siltstones interbedded with
�ne-grained sandstones (Fhl), the massive of thin laminated claystones ̸ siltstones with coal fragments
(Fmlc) and the massive �ne-grained sandstones (Sm) and described in Fig. 1a.

In the Douala sub-basin, the deposits are also widely dominated by coarse-grained facies. The �ne-
grained deposits show varied colors: dark (Fig. 3C), greenish (Fig. 3D), green yellowish (Fig. 3E), greyish,
white greyish, reddish to mottled (Fig. 3F, G and H) and their thickness ranges from a few centimeters to
metric. Contrarily to the Campo deposits, the Douala deposits are weakly consolidated. The
microstructures are clastic and iso- to heterogranular (Fig. 4C, D, E and F) and sometimes laminated.
Quartz is the most abundant mineral (40–50%), sometimes associated with feldspar (5–10%), muscovite
(3–8%) and an undifferentiated matrix (20–35%). Four lithofacies are also identi�ed in the �ne-grained
deposits from the Douala sub-basin; the massive claystones ̸siltstones (Fm), the massive or thin
laminated claystones with abundant macrofossils (leafs or gastropods and bivalvia, Fmlf)), the
horizontal and laminated claystones ̸siltstontes (Fhl) and the very �ne-grained sandstones (Sm) and
described in Fig. 1b.

In the Rio-del-Rey sub-basin, the facies are mainly �ne-grained with carbonate minerals (siderite, dolomite,
and calcite). Their colors are greyish, greenish grey and dark (Fig. 3I and J). The thickness ranges from
decametric to plurimetric. The main sedimentary structures are bedding and lamination (Fig. 3I). The
microstructures are cryptocrystalline, clastic and iso- to sub-isogranular (Fig. 4G, H, I and J). The
dominant mineral is quartz, with rare siderite. The organic matter concentration ranges from 3 to 35%.
Four lithofacies were also identi�ed in the �ne-grained deposits from Rio-del-Rey sub-basin; The massive
claystones (Fm), the massive or thin laminated claystones (Fml), the horizontal and and laminated
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marlstones ̸ calcareous claystones (Fhl) and the massive of thin laminated claystones with bivalvia
(Fmlf) and described in the Fig. 1c.

4.2. Geochemistry
Major elements

Table 1 displays the major elements composition of the thirty studied samples from the sub-basins. SiO2

(10.23–88.89%), Al2O3 (4.2-24.95%) and Fe2O3 (0.25–39.89%) are the dominant phases. The Douala
facies show the highest SiO2 content (46.47–88.89%), followed by the Campo (43.48–61.75%) and lastly
by the Rio-del-Rey (10.23–56.19%) facies. The lowest and highest Al2O3 concentrations (4.2% and
24.95%) are found in the Douala sub-basin. The highest Fe2O3 concentrations are observed in the Rio-del-
Rey deposits (7.01%-39.89%), followed by those of the Campo (4.2–8.42%) and lastly by those of the
Douala (0.25%-7.97%) deposits.

Table 1: Lithofacies of Cretaceous outcrops from Atlantic Basin of Cameroon. The facies codes are from
Miall (1996), and Ntamak-Nida et al. (2010). The interpretations provided are according to Lowe (1982),
Miall (1996) and polynologic data
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Table 1
a: Cretaceous outcrops from Campo sub-basin

Facies
code

Facies
name

Lithology Structure Depositional processes
and environment

Fml Massive or
thin-
laminated
claystones
/siltstones

Claystones and
siltstones, well to poorly
sorted, greyish to dark,
micaceous (muscovite
essentially), angular to
very angular grain shapes

Massive or thin
laminated,
schistosity, mica
with sigmoid
shape, 5 to 180
cm thick, sharp
boundary

Deposition from
suspension (Miall, 1996)
or rapid deposition due to
ponding of �ne-grained
turbidity current.
Lacustrine environment

Fmlc Massive or
thin-
laminated
claystones
/siltstones
with coals

Same like Fml with
centimeter to decimeter-
size of coal fragments,
poorly sorted

Same like Fml Same like Fml

Fhl Heterolitic
claystones
/ siltstones

Mixture of claystones and
siltstones or very �ne
sandstones

Laminated or
bedding, 5 to 100
cm thick, sharp
boundary

Low energy �ow,
deposition from
suspension (Miall, 1996),
rapid variation of
sedimentation
conditions. Fluvio-
lacustrine environment

Sm Massive
sandstones

Fine-grained sandstones,
moderately to poorly
sorted, greyish, sub-
angular to angular grain
shapes with some sub-
rounded shapes

Massive,
monoclinal, 5 to
100 cm thick,
sharp boundary

Rapid deposition of �ne-
grained sands from
turbulent suspension
(Lowe, 1982). Fluvio-
lacustrine environment
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Table 1
b: Cretaceous outcrops Douala sub-basin

Facies
code

Facies
name

Lithology Structure Depositional processes
and environment

Fmlf Massive or
thin-
laminated
claystones
with fossils

Fine grained- to sandy
claystones, well to poorly
sorted, greyish dark,
abundant leafs or bivalvia
fossils and microfossils
(Dino�agellates, pollens
spores, Foraminifera lining)

Massive or
thin
laminated or
�ssils, 100 to
more than
200 cm thick,
erosive
boundaries

Deposition from
suspension (Miall, 1996)
or rapid deposition due to
ponding of �ne-grained
turbidity current. Shallow
marine environment

Fm Massive
claystones

Claystones to silty
claystones, moderately to
well sorted, reddish, greenish,
grey whitish or mottled,
angular grain shapes

Massive, 10
to up than
200 cm thick,
erosive
boundaries
witth
sandstones

Lower energy �ow,
deposition from
suspension (Miall, 1996)
or rapid deposition due to
ponding of �ne-grained
turbidity current. Fluvio-
deltaic environment

FL Laminated
claystones

Same as Fm, but frequently
mottled

Laminated,
10 to 30 cm
thick, erosive
boundaries

Same to Fm, with rapid
variation of sedimentation
environment, Fluvio-
deltaic environment

Sm Massive
sandstones

Fine-grained sandstones,
moderately to poorly sorted,
angular to very angular grain
shapes, reddish to grey
whitish

Massive, 50
to 150 cm
thick, erosive
boundaries
with
claystones

Rapid deposition of �ne-
grained sands from
turbulent suspension
(Lowe, 1982). Fluvio-
deltaic environment

Table 1
c: Cretaceous outcrops from Rio-del-Rey sub-basin
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Facies
code

Facies name Lithology Structure Depositional
processes and
environment

Fml Massive or thin-
laminated
claystones /marlstones

Fine grained-
claystones/marlstones,
well to moderately sorted,
greyish dark to greenish
grey, microfossils
(Dino�agellates, pollens,
spores, Foraminifera)

Sharp
boundary
slightly to
highly
�ssile, 100
to > 300c
m thick

Low energy �ow,
deposition from
suspension or from
weak traction
current (Miall, 1996).
Marginal to shallow
marine environment

Fl Lamimated calcareous
̸carbonated
shales/siltstones

Fine-grained calcareous ̸
carbonated shales ̸
siltstones, well to
moderately sorted,
whitish to greenish grey
color, microfossils
(Dino�agellates, pollens,
spores)

Sharp
boundary,
1 to 20cm
thick,
lamination

Deposition from
suspension (Miall,
1996). Marginal
marine environment 

Fmlf Massive or thin-
laminated
claystones / marlstones
with fossils

Same to Fml with more or
less abundant and varied
bivalve fossils (moulds
essentially), microfossils

Sharp
boundary
slightly to
highly
�ssile, 100
to 400 cm
or > 400
cm thick

Same to Fml

Fm Massive claystones Fine-grained calcareous ̸
carbonated claystones,
well sorted, dark grey,
microfossils

Lenticular
or nodular
beds,
sharp
boundary,
2 to 7 cm
thick

Rapid deposition
from weak traction
current (Miall, 1996).
Shallow marine
environment 

The second most abundant group of oxides includes MgO (0.06–7.95%), CaO (0.01–10.49%), K2O (0.09–
6.48%), Na2O (0.01–2.37%). By comparison, the Douala deposits are the least enriched in MgO (0.06–
2.39%) while the Kribi-Campo and Rio-del-Rey deposits show the highest MgO concentration, respectively
(1.93–6.15%) and (0.89–6.95%). CaO concentrations are very low in the Douala deposits (0.01–0.09%)
and higher in the Rio-del-Rey (0.04–16.26%) and Campo (0.52–6.91%) deposits. K2O concentrations are
relatively low in the three sub-basins, however, with some differences in the Rio-del-Rey deposits where
K2O varies from 0.37–3.48%. The K2O content is higher in the Campo (2.68–4.76%) and Douala deposits
(0.1–6.48%). NaO2 concentrations are lower in the Douala deposits (0.01–0.09%) than in the Rio-del-Rey
(0.04%-2.37%) and in the Campo (0.93–1.74%) deposits.

The least abundant group of oxides includes TiO2, P2O5, MnO, and Cr2O3. TiO2 concentrations vary
between 0.15% and 1.93%, 0.24% and 1.31% and 0.49% and 1.17% respectively for the Rio-del-Rey,
Douala, and Campo sub-basins. P2O5 concentrations are ≤ 0.35%, but lower (0.01%- 0.15%) in the Douala
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deposits. MnO concentrations are generally ≤ 0.22% and only one sample shows concentrations  1%
(1.04%) in the Rio-de-Rey sub-basin. Cr2O3 is the least concentrated element, with concentrations  0.02%.

The analysis of the spider plot of average major elements normalized to PAAS (Fig. 5A) shows that SiO2,
Al2O3, Na2O, K2O, and TiO2 are depleted in the three sub-basins, with the highest depletion of Na2O in the
Douala sub-basin. However, CaO and Fe2O3 show high concentrations in the three sub-basins, with the
highest CaO content (16.26%) in the Rio-del-Rey sub-basin. Unlike the deposits from the Rio del Rey and
Campo sub-basins which are slightly carbonated, those from the Douala sub-basin are mostly terrigenous
in the lower part of the sequence. The carbonate facies (Isue et al., 2021) are mainly present at the top of
the Douala sequence (Njike Ngaha et al. 2014).

Figure 6 shows that the �ne-grained Cretaceous facies consist mainly of shales and Fe-shales in the three
sub-basins, those from the Campo sub-basin corresponding exclusively to shales. The Douala facies are
more diversi�ed with Fe-sands, arkoses and sub-arkoses.

Trace elements

Table 2 displays the trace element distribution in the studied samples from the sub-basins. The most
abundant include Ba (70 -1548 ppm), Zr (91–524 ppm) and Sr (7.2-388.9 ppm). Ba is averagely and
constantly present in the Campo deposits (502–768 ppm). However, its concentration �uctuates and
ranges from 70 to 518 ppm in the Rio-de-Rey deposits and from 95 to 1548 ppm in the Douala deposits.
Zr content �uctuates and ranges from 91.7 to 638.6 ppm, from 144.3 to 668.3 ppm and from 131.3 to
337.9 ppm, respectively in the Rio-del-Rey, Douala and Campo sub-basins. It is worth noting that the
Campo has the lowest Zr concentration. Sr concentrations also depict �uctuations in the three sub-basins
(see Table 2).

 

However, the spider plot of average trace elements normalized to PAAS (Fig. 5B), depicts a depletion of
Ba in the three sub-basins, while Sr is depleted in the Campo and Douala sub-basins and slightly
concentrated in the Rio-del-Rey sub-basin. Zr shows elevated concentrations in the three sub-basins.
Other elements such as Ni and Rb are depleted in the three sub-basins, while U is depleted in the Douala
and enriched in the Rio-del-Rey and Campo sub-basins. Hf and Y show high concentrations in the three
sub-basins.

Rare Earth Elements (REE)

Table 3 shows that the ΣREE concentrations in the studied sediments range from 154.64 to 339.08 ppm,
from 60.57 to 725.16 ppm and from 107.63 to 265.56 ppm, respectively for the Rio-del-Rey, Douala and
Campo sub-basins. The LREE contents are higher as compared to the HREE in the three sub-basins and
their ratios (LREE/HREE) range from 9.41 to 21.70, from 11.25 to 24.89 and from 9.05 to 14.50
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respectively, for Rio-del-Rey, Douala and Campo sub-basins indicating enrichment in LREEs in the three
sub-basins (Table 3).

The REE patterns (Fig. 7A) normalized to PAAS (McLennan, 2001) are quite �at with positive Eu
anomalies. The more depleted and enriched sediments are from the Douala sub-basin.

The REE patterns (Fig. 7B) normalized to chondrites (McDonough and Sun 1995) are quite similar with
LREE enrichment compared to HREE.

The LREE/HREE ratios range from 9.41 to 21.70, from 11.25 to 24.89 and from 9.05 to 14.50 suggesting
low to moderate (Rio-del-Rey sub-basin), moderate to high (Douala sub-basin), and low to moderate
(Campo sub-basin) fractionation of REE.

The studied samples show no to slight positive Eu anomalies (Eu/Eu*: 1.02–1.32) and slight negative to
no Ce anomalies (Ce/Ce*: 0.85–0.97) in the Rio-del-Rey sub-basin; negative to positive Eu anomalies
(Eu/Eu*: 0.61–1.46) and negative to no Ce anomalies (Ce/Ce*: 0.66–1.04) in the Douala sub-basin; and
no to positive Eu anomalies (Eu/Eu*: 0.98–1.28) and no Ce anomalies (Ce/Ce*: 0.93–0.95) in the Campo
sub-basin.

The Ce/Ce* Vs Pr/Pr* plot of Bau et al. 1996 (Fig. 7C) was used to discriminate the “real” from “false” Ce
anomaly in the sediment due to the possible anomalous abundance of La. Most of the samples from
Douala sub-basin plot into �eld IIIb (negative Ce anomaly). The samples from Rio-del-Rey and Campo
sub-basins associated with some from Douala sub-basin are grouped at the limit between �eld IIa
(positive La anomaly, no Ce anomaly) and �eld I (neither Ce nor La anomaly).

4.3. X-Ray diffraction
In the southern part of the Douala sub-basin, two groups of minerals have been found, i.e. clays and non-
clays. Clays consist of kaolinite, vermiculite, illite in various amounts, and non-clays consist of large
amounts of quartz, magnetite, and goethite, and small amounts of feldspar (Fig. 8a). Kaolinite is found in
the northern part of the Doula sub-basin; where mineralogy is dominated by quartz and feldspar, with
magnetite and goethite being the least abundant minerals (Fig. 8b).

In the Rio-del-Rey sub-basin, there are two groups of materials with different ages: the lowest part of the
sequence has an Albian-Cenomanian age and its upper part a Campanian-Maastrichtian age.

The Albian-Cenomanian mineralogy is made up of the aforementioned minerals. Clays are dominated by
kaolinite, chlorite, and illite. It is worth noting that the amount of clay minerals in the Albian-Cenomanian
gradually decreases from bottom to top.

Non-clays are represented by the dominant quartz, feldspar, and magnetic minerals associated with
dolomite and calcite, whose amount generally decreases from bottom to top. In the Campanian-
Maastrichtian series, the clays are mainly made up of kaolinite increasing from bottom to top, depicting a
different trend with respect to the Albian-Cenomanian part. The non-clays are dominantly made up of
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quartz, feldspar, and magnetite, which may be associated with dolomite and siderite. The siderite is
sometimes more concentrated than the quartz (Fig. 8c).

In the Campo sub-basin, the amount of clays is low and kaolinite appears to be the only dominant phase.
However, it should be noted that kaolinite is less abundant in claystones rich in organic matter. Non-clays
are composed of quartz (more abundant), feldspar, muscovite, dolomite, magnetite, goethite, and a slight
amount of calcite and biotite (Fig. 8d). Muscovite and dolomite are less abundant in the claystones.

4.4. Palynological data
Campo sub-basin

Analysis of �ve samples (TCA1, TCA2, TCA3, TCA4 and TCA5) collected along the stratigraphic column
shows generally a poor diversi�ed palynological content with only abundant phytoclasts/organic matter.
The palynological species (samples TCA2 and TCA3) consist exclusively of continental forms, largely
dominated by xerophytic pollens such as Classopollis sp. (Fig. 9N), associated with Eucommiidites
troedssonii (Fig. 9M), Ephedripites sp. and Deltoidospora sp. (Fig. 9O) and spores such as
Cicatricosisporites sp.

Douala sub-basin

Among the eight studied samples, six were barren (greenish, reddish, and mottled samples). Only two
samples (TDBAN and TDMAN) were productive, the black clays belonging to the Moungo Formation
(Cenomanian to Turonian) and located respectively in the localities of Mbanga and Ediki, about 3 to 5km
apart. The Mbanga and Ediki formations, which may be correlated, are composed of a diverse
sporopollenic association with known continental and marine species (Njike Ngaha et al. 2014; Njoh et al.
2014) however, with some differences.

At Ediki (sample TDMAN), the palynological content shows a more or less abundance of xerophytic
species such as Classopollis sp. and Ephedripites sp. associated with other pollens such as
Triporopollenites sp., Tricolpites sp. (Fig. 9F), Araucariacites sp, Stellatopollis sp., Inaperturopellenites sp,
and others, spores of Pteridophytes such as Todisporites sp., spores of fungi such as Pluricellaesporites
sp., Dicellaesporites sp., unicellular form (Fig. 9R) and marine palynomorphs such as microforaminiferal
ligning (Fig. 9K, and 9S). Njoh et al. (2014) also reported in the same area rare dino�agellates. The
continental species concentration ranges between 95 to 97% and the marine ones 3 to 5% (Fig. 11).

At Mbanga (sample TDBAN), clays are very rich in phytoclasts (leafs) and the sporopollenics are
dominated by xerophytes Classopollis sp., and Ephedripites sp. (Fig. 9G) with Crybelosporites panuceus
(Fig. 9H) and others, the spores of which are Pterophytes, fungi, and marine species (foraminiferal test
lining) (Fig. 9Q and 9U). The continental species concentration ranges between 93 and 95% and the
marine ones 5 to 7% (Fig. 11).

Rio-del-Rey sub-basin
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Two samples (MK2 and DK1B) were analyzed for the palynological content respectively at Mesambi
downstream (Albian-Cenomanian) and Djega localities (Campanian-Maastrichtian) as reported in
Tchouatcha et al. (2022). The palynological content of MK2 is very rich in non-marine species (96–98%)
(Fig. 11) with an abundance of xerophytes such as Ephedripites sp. (Fig. 9A) and Classopollis sp.,
associated with Elateroplicites africaensis (Fig. 9B), Spheripollenites sp. (Fig. 9C), Cretacaeiporites
mulleri, Araucariasites sp. (Fig. 9V) and other (Pteridophyte spores, Fungi,). Marine species (2–4%) (Fig.
11) are represented by rare microforaminiferal lining and dino�agellates such as Dinopterygium
cladoides. Meanwhile, the palynological data from this outcrop indicate a marine species abundance
between 0 and 4.2% (Njoh et al. 2013). The palynological content of DK1B is also rich in continental
species (86–88%) (Fig. 10) such as Echitriporites trianguliformis (Fig. 9E), Monocolpate sp. (Fig. 9I),
Spinozocolpites baculatus (Fig. 9J) associated with marine species (12–14%) (Fig. 11), foraminifera and
especially dino�agellates (Cerodinium sp., Fig. 9T) reported here for the �rst time. Note that the studied
outcrop has revealed a diversi�ed planktic and benthic foraminiferal content (Njoh et al. 2018).

5. Discussion
Provenance

Roser and Korsh (1988) have proposed a diagram allowing recognition of lithologies, including felsic,
intermediate, ma�c, and recycled-mature quartzose provenance (Fig. 10A). The studied sediments are
plotted in recycled quartzose (2 samples), intermediate igneous (3 samples) and ma�c igneous (4
samples) provenance �elds for the Rio-del-Rey deposits, in recycled quartzose (10 samples), felsic
igneous (2 samples) and ma�c igneous provenance �elds (3 samples) for the Douala deposits, and in
recycled mature �eld for all samples from the Campo deposits. The plotted sediments in the recycled �eld
may indicate the para-derived metamorphic source rocks with preserved sedimentary signatures and /or
more not well-known ancient deposits.

Other plots such as Ce vs. La ̸ Nb (Rao et al. 2011) (Fig. 10B) and La/Th vs. Hf (Floyd and Leveridge,
1987) (Fig. 10C) have also been widely used (e.g. Moradi et al. 2016; Zeng et al. 2019; Tchouatcha et al.
2021) for Ce vs. La/Nb and Ngueutchoua et al. (2019a, b) and for La/Th vs. Hf). The Ce vs. La ̸ Nb
scattered plot applied to our study points to a dominant felsic source with a contribution of an
intermediate igneous source for the Rio-del-Rey and Douala deposits, contrary to the Campo deposits
showing a dominant intermediate igneous source with a felsic contribution. The La/Th vs. Hf plot shows
that the Campo deposits derived mainly from felsic rock sources, the Rio-del-Rey deposits from felsic and
mixed felsic and intermediate composition source rocks, and the Douala deposits from mainly felsic
composition in the northern part, and mixed felsic and intermediate to intermediate composition in the
southern part.

Some elemental ratios are useful in unravelling the source signatures of sediments, such as Th/Co
(Cullers 2000; Armstrong et al. 2015) and Al2O3/TiO2 (Absar and Sreenivas 2015; Zhou et al. 2015;
Tchouatcha et al. 2021b). The Th/Co ratio value ranges from 0.67–19.4 and 0.04 to 1.10 respectively, in
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felsic and ma�c sources. For the sediments studied here, the ratio varies from 0.39 to 1.82, with main
values  1 in the Rio-del-Rey deposits, from 0.62 to 13.75 in the Douala deposits with high values in the
northern part of the sub-basin (0.62–13.75; average: 4.56) and low values in the southern part (0.69–
1.35; average: 1.07); and from 0.51 to 0.98 in the Campo deposits, indicating respectively a felsic source
with contribution of ma�c source in the Rio-del-Rey sub-basin, a dominant felsic source in the northern
part of the Douala sub-basin and dominant intermediate source in the southern part, and the intermediate
source in the Campo sub-basin. The Al2O3/TiO2 ratio varies from 3 to 8, 8 to 21 and 21–70 respectively
for ma�c, intermediate and felsic igneous sources (Hahashi et al. 1997). In this study, the ratio ranges
from 10.12 to112.93 (average: 26.29) in the Rio-del-Rey deposits, 8.57 to 30.37 in the Douala deposits,
with more high values in the northern part (16.45 to 30.37, average: 21.06) and low values in the southern
part (8.57 to 21.90, average: 15.68), and 14.04–21.78 (average: 16.37) in the Campo deposits. This also
indicate respectively felsic rocks with contribution of ma�c rock in the Rio-del-Rey deposits and dominant
felsic rocks in the northern part of the Douala deposit and intermediate rock composition in the southern
part, and intermediate rock composition in the Campo deposits.

Furthermore, the REEs and relevant parameters are also useful to characterize the lithotype rock source of
sediments (e.g. Liu et al. 2015; Ma et al. 2015; Zeng et al. 2019; Tchouatcha et al. 2021), and the higher
LREE/HREE ratio and low Eu anomaly indicate a felsic igneous source, whereas the lower LREE/HREE
ratio and relative high Eu anomaly re�ect a ma�c igneous source (Armstrong-Altrin et al. 2013). The
LREE̸HREE ratios range from 9.05 to 14.50 and no to slight positive Eu anomaly (0.98 to 1.28) in the
Campo deposits, 15.34 to 24.03 and negative to positive Eu anomaly (0.61 to 1.46) in the southern part
of the Douala sub-basin, 11.25 to 24.89 and no to slight positive Eu anomaly (1.03 to 1.35) in the
northern part of the Douala sub-basin, and 9.41 to 21.70 and no to slight positive Eu anomaly (1.04 to
1.32) in the Rio-del-Rey deposits, indicating respectively intermediate composition for Campo deposits,
predominance of felsic composition in the northern part of the Douala sub-basin with no to slight positive
Eu anomaly, predominance of intermediate of mixed of felsic and ma�c composition in the southern part
of the Douala sub-basin with negative to positive Eu anomaly, and predominance of felsic composition of
the source rocks in the Rio-del-Rey sub-basin. The Fig. 11 shows the varied source rocks lithology of the
three sub-basins along the Atlantic Ocean.

Figure 12 shows that samples from the Douala sub-basin plot close to and along the A-K apex
suggesting either the lack of plagioclase and occurrence of K-feldspar (orthoclase) in the source rocks or
diagenetic effects by post-depositional conversion of clays such as kaolinite to illite by including K+ in
their structure (Fedo et al. 1995). As the diagenetic effects are very weak (early diagenesis, see part 5.5),
the samples plot close A-K apex indicate a high degree of weathering of the source rocks containing
abundant K-bearing minerals. Similar results were given in detrital Cretaceous outcrops in the northern
part of this sub-basin (Ngueutchoua et al. 2017, 2019; Esue et al. 2021). Meanwhile, some samples,
precisely limestones and marly limestones, show a low to very low degree of alteration probably due to
chemical input or origin of these deposits (Esue et al. 2021). Figure 12 also indicates a low to high
weathering of the Rio-del-Rey sub-basin deposits and moderate weathering of the Campo sub-basin
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deposits. It also shows that the varied source rocks for each and all the three sub-basins experienced
varied weathering degrees. Moreover, the presence of volcanic fragments (basaltic pebbles), reported in
the Upper Cretaceous sandstones of Santos Basin, Eastern Brazilian Margin (De Ros et al. 2003), in the
Cenomanian-Turonian deposits (Njike Ngaha 1984) in the north of the Douala sub-basin highlighst a
volcanic activity which took place probably during the Albian rifting reported as well as in the Sergipe-
Alagoas Basin (North-eastern Brazilian Coastal Basin) and the North Gabon (Western African Coastal
Basin) (Kurobaza et al. 2018).

5.2. Sediment sorting, maturity, recycling and
paleoweathering
The ICV (Index of Compositional Variability; Cox et al. 1995) and CIA (Chemical Index of Alteration;
Nesbitt and Young 1982) (Fig. 13) are widely used to characterize the compositional maturity of
sedimentary deposits (e.g. Mongelli et al. 2006; Perni et al. 2011; Tao et al. 2013, Armstrong-Altrin et al.
2015; Taw�k et al. 2017; Tchouatcha et al. 2021b). Figure 13 shows that sediments from the Campo sub-
basin are globally sub-mature (ICV: 0.98 to 2.12, average: 1.48; CIA: 65.26 to 74.72; average: 70.24). The
sediments from the Douala sub-basin are mature (ICV: 0.37 to 0.90) with intense chemical weathering of
the source area (CIA: 67.00 to 99.33), whereas the sediments from the Rio-del-Rey sub-basin are sub-
mature to mature with two samples (MK3 and DK1A) showing high ICV values (5.04 and 10.03) and high
CIA (77.38 and 92.04) respectively.

The PIA (Plagioclase Index of Alteration; Nesbitt and Young, 1982; Fedo et al. 1995) is also used to
characterize the chemical weathering of source rocks (e.g. Rashid et al. 2015, Ngueutchoua et al. 2019a,
Tchouatcha et al. 2021b). The high values (PIA  75) and low values (PIA ≤ 50) of PIA re�ect respectively
intense and weak chemical weathering of these rocks. Table 1 shows that in the Campo sub-basin, the
PIA of the sediments ranges from 72.70 to 87.57 re�ecting moderate to high chemical weathering, from
96.35 to 99.90 in the Douala sub-basin indicating high chemical weathering, and 66.68 to 99.47 in the
Rio-del-Rey sub-basin suggesting weak to high chemical weathering.

Meanwhile, due to the high carbonate proportions in the main samples from Campo and Rio-del-Rey sub-
basins compare to those from Douala sub-basin, the PIX and CIX, without CaO (Garzanti et al. 2014;
Garzanti et al. 2019) were used to better correlate and appreciate the weathering degree of samples from
the three sub-basins. Table 1 shows that CIX and PIX range respectively from 71.26 to 76.88 and from
84.19 to 92.25 in the Campo sub-basin indicating moderate to high chemical weathering, from 67.15 to
99.39 and from 96.94 to 99.94 in the Douala sub-basin suggesting weak to high chemical weathering,
and from 73.77 to 92.90 and 80.15 to 99.64 in the Rio-del-Rey sub-basin indicating moderate to high
chemical weathering.

5.3. Paleoclimate and the depositional environment
The CIA and PIA indices and some trace element ratios such as Rb/Sr are reliable tools for
paleoenvironment characterization (e.g. Cao et al. 2012, Hernandez-Hinojosa et al. 2018, Ekoa et al. 2021,
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Tchouatcha et al. 2021b). The clay minerals record the condition and climatic �uctuation of the
sedimentary environment (Singer 1988, Meng et al. 2012). It is worth noting that at each stage of
transformation, clay minerals respond to their chemical and thermal environment, and, as a consequence,
their properties and species change. Kaolinite is formed in a subtropical humid climate by the intense
weathering of feldspar. Illite is mainly formed in a cold climate with low precipitation. Chlorite and illite
form the basis of the diagenetic zone (Dunoyer De Segonzac 1970). Al2O3 vs. V and Al2O3 vs. P2O5 are
also useful for paleoenvironmental conditions and have been successful used (e.g. Mortazavi et al. 2014;
Anaya-Gregorio et al. 2018; Ekoa et al. 2021). Variation of phosphorus concentration is controlled by
water depth and temperature and vanadium concentration is somewhat higher in marine facies than in
freshwater sediments. The diagrams Al2O3 vs. V (Fig. 14A) and Al2O3 vs. P2O5 (Fig. 14B), show that
sediments from the three sub-basins were deposited in shallow marine and �uvial environments at
various depths suggested by relatively low and varied concentrations of vanadium. The plotted
sediments from Campo and Rio-del-Rey sub-basins generally indicate important depth, those from
Douala sub-basin, on the contrary, formed in a low water depth with poorer phosphorus concentrations.

The Sr ̸ Ba ratio has been widely used for salinity conditions (e.g. Zheng and Liu 1999; Meng et al. 2012;
Zeng et al. 2019; Tchouatcha et al. 2021b). These ratios increase from coastal fresh water to the open
and saline marine water (Cao et al. 2012), and are > 1 in marine and 1 in freshwater sediments (Jones
and Manning 199; Shi et al. 1994; Wang et al. 2005). In our study, sediments from Rio-del-Rey have higher
values (0.41 to 1.07) while those from the Douala (0.09 to 0.85) and Campo (0.20 to 0.31) sub-basins are
low, indicating a dominant marine in�uence in the Rio-del-Rey sub-basin and predominant continental
conditions in the Douala and Campo sub-basins.

The high CIA values indicate warm and humid climatic conditions during sediment deposition (Nesbitt
and Young 1982). In the Rio-del-Rey sub-basin, CIA values range from 63.59 to 92.76 suggesting less
humid climatic variation in the Albian-Cenomanian, while in the Campanian-Maastrichtian, CIA values
vary between 92.04 and 92.76), suggesting more humid climatic conditions. In the Douala sub-basin, this
ratio varies from 67.00 to 99.33, and is particularly high (92.11 to 99.33) in the southern part and low
(67.00-83.58) in the northern part, highlighting the in�uence of the source rock lithology, felsic in the
northern part and intermediate to ma�c in the southern part. In the Campo sub-basin, this ratio ranges
from 65.26 to 74.72 indicating semi-arid conditions.

The SiO2 vs. Al2O3 + Na2O + K2O plot (Fig. 14C) shows that the Campo and Rio-del-Rey sediments have
been deposited under semi-arid to arid conditions, while those from Douala may have been deposited
under semi-arid to arid with periodically semi-humid conditions (�ne-grained sands), probably linked to
the marine in�uence.

In the Campo sub-basin, the palynological species consist exclusively of continental forms. Previous
palynological data (Belmonte 1966; Chevalier 1982; Ntamak-Nida et al. 2008) did not support the
presence of marine species in these deposits. In addition, Andreef (1947) reported some ammonite
specimens, leading to the conclusion that the deposits in the Kribi-Campo sub-basin were related to
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piedmont continental and lacustrine settings near a coastal zone open to a narrow sea (Njike Ngaha et
Eno Belinga 1987). More, the presence of dolomite may indicate either elevated temperature and pressure
conditions during diagenesis or is related to the circulation of restricted marine pore waters near the
mixing zone, as it is the case in the Mamfe Basin (Eyong 2003). In the case of Campo sub-basin, the
second hypothesis seems plausible in the context of the rifting of this sub-basin and the presence of
dolomite in one part (upper part, See Fig. 8d) of deposits. The presence of the Botryococcus sp.
(freshwater algae, Ntamak-Nida et al. 2008,) in these deposits could con�rm the continental environment
with periodical marine in�uence.

The abundance of phytoclasts (leafs) at Mbanga in the Douala sub-basin may indicate that these
deposits are more continental, as suggested by their proximity with the margin outcrops such as the
conglomeratic sandstones. The marine species in these deposits indicates a marine in�uence during the
Cenomanian (Njike Ngaha and Eno Belinga 1987; Njike Ngaha et al. 2014; Njoh et al. 2014), with a
shallow environment at Ediki and a marginal to shallow marine setting at Mbanga. At Ediki, the black
clays are intercalated between the sandstone facies, while at Mbanga, they are exposed and found on top
of the poorly consolidated sandstones, re�ecting intense erosion towards the basin margin or differential
erosion. Furthermore, two sediment cycles during the Cretaceous have been recognized in the Douala
sub-basin from drilling and seismic surveys on land, in swamps, and sea (Seiglie et al. in Regnoult 1986),
one cycle of low amplitude between the Cenomanian and the Turonian, and the other of high amplitude
between the Coniacian and the Maastrichtian.

The marine species in the Cenomanian and Campanian-Maastrichtian of the Rio-del-Rey sub-basin reveal
a marine in�uence. The more abundant and varied marine species in the Campanian-Maastrichtian point
to a more offshore environment as compared to that of the Cenomanian. This is also reported by Njoh et
al. (2016, 2018).

On the southern part of the Douala sub-basin, the low proportion or even absence of kaolinite on the one
hand, and on the other hand, the feldspar whose alteration produced kaolinite, suggest that the source
rock was poor in feldspars and richer in ferromagnesian minerals as also suggested by the geochemical
data. The hypothesis of a subtropical climate (warm and relatively humid) can be considered by
chlorite/vermiculite, iron oxides and hydroxides such as magnetite and goethite. In the northern part, the
low abundance of kaolinite associated with magnetite suggests hot and semi-arid climatic conditions
during the Albian-Cenomanian to Turonian times.

In the Campo sub-basin, muscovite records a continental in�uence. The �uctuation of dolomite
concentration suggests variation of the sedimentation, probably related to a marine in�uence. The
�uctuation and low abundance of kaolinite point to semi-arid to arid climatic conditions.

In the Rio-del-Rey sub-basin, the mineralogical (kaolinite mainly) variation may indicate a climatic change
from semi-arid to more arid conditions during the Albian-Cenomanian. The increase of kaolinite in the
upper part indicates a climatic change from more arid conditions to semi-arid during the Campanian-
Maastrichtian.
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5.4. Behavior of chemical composition versus Al ̸ Si
To depict the grain size effect on geochemical composition of the sediments, Bouchez et al. (2011),
Roddaz et al. (2014) and Tchouatcha et al. (2022) have used the Al ̸ Si ratio which is considered as a
proxy for sediment grain size applied in the Amazonian �oodplain sediments (Bouchez et al. 2011).
Figure 15 shows the variation of Al ̸Si ratios vs. CIA and some element concentrations such as Na, Hf, Ca,
K and Zr. According to this �gure, Al ̸ Si shows no correlation with CIA, Hf and Zr for sediments from the
three sub-basins, no correlation with Na and Ca for the Douala sub-basin sediments, negative correlation
fort the Campo and Rio-del-Rey sub-basins sediments, no correlation with K for Douala and Rio-del-Rey
sub-basins sediments and a positive correlation for the Campo sub-basin sediments. These varied
behaviours and the pattern of enrichment and depletion of major and trace elements (Fig. 5A and B)
could indicate the varied provenances of the material in the different environments of sedimentation of
the three sub-basins.This is also con�rmed the palynological data; �uvio-lacustrine environment for the
Campo sub-basin, �uvio-deltaic with marine in�uence environment in the upper part for the Douala sub-
basin and marginal to shallow marine environment for Rio-del-Rey sub-basin.

5.5. Diagenetic effects
Campo sub-basin

The diagenetic signatures in the Campo sub-basin were depicted using X-ray diffraction (Fig. 8) and
petrography (Fig. 4). X-ray diffraction data exhibit non-clays minerals such as quartz (abundant),
feldspar, muscovite and a few biotite, clay minerals represented by kaolinite and chemical minerals made
up of calcite and sometimes dolomite. Kaolinite can be diagenetic or detrital origin. In the case of
diagenetic origin, kaolinite is the product of dissolution of potassic feldspars. The detrital one is linked to
climatic conditions, from hydrolysis of alkaline feldspars, its presence in the sediments is indicative of
rigorous weathering of source rocks with steep relief and exhaustive leaching of weathered materials
under a warm, humid and acidic milieu (Enu, 1986).. The detrital origin for this study is expected because
of permanent association of kaolinite with high quantity of quartz which is resistant to alteration and
concentrates in sediments transported and deposited by rivers. In this case, kaolinite appears in low
quantity (Fig. 8C), its low quantity and �uctuation, generally lower in the organic matter-rich levels (TCA2
and TCA3) could indicate the link with climate.

The carbonate minerals such as calcite and dolomite, could be authigenic or diagenetic. The authigenic
mineral can precipitate directly from solution or from weathering and replacement during burial.
Diagenesis is a set of physical and chemical processes which affect sediments after deposition until the
limit with metamorphism (Blatt et al. 1972). Generally, the evidence of chemical diagenesis can be
inferred from physical aspect. In this case, calcite �uctuates, being very low in the lower part of the
studied series and low in the upper part. Its presence in the clayey matrix could be explained by
precipitation from dissolution of unstable minerals (Taw�k et al. 2017) such as feldspars which are
frequently vesicular and sericitized. In the sandy facies, calcite �lls most of the secondary pores and is as
mineral replacement (Ashukem et al. 2022). Dolomite �uctuates also, very low to absent in lower part of
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the studied series and high (the highest after quartz) in the upper part. This mineral can be diagenetic
linked to temperature and pressure increase or results from the circulation of restricted marine pore water
near a mixing zone (Eyong 2003). Its �uctuation supports the second hypothesis.

In thin section, phyllosilicates such as muscovite ̸ sericite, the most abundant mineral after quartz, show
some packing readjustment with preferential orientation and sigmoid shapes (Fig. 4A), indicating a
signi�cant physical effect, as evidenced by varied type of inter-granular contacts such as plan, convexo-
concave or sutured contacts in the sandy facies. Elsewhere, silica from dissolution of quartz, feldspar
in�llings in the pore spaces, and quartz and feldspar overgrowths are common in the sandy facies
(Ashukem et al. 2022).

Douala sub-basin

Contrary to the Campo and Rio-del-Rey sub-basins, the Cretaceous �ne-grained deposits from the Douala
sub-basin are poorly consolidated or friable indicating a low burial and weak compaction of these
deposits. In the coarsest grained facies (poor consolidated siltstones or sandstones), the clay matrix
occupies the large inter-granular pore spaces in the loosely packed detrital grains (rare contact points
between quartz and feldspar) with a �oating grain texture (Fig. 4F). X-ray diffraction did not reveal any
carbonate minerals. Clays minerals such as kaolinite is very low or absent in the southern part of the sub-
basin and present in its northern part, conversely for the chlorite or vermiculite, indicating the in�uence of
climate and source rock lithology and their detrital origin. The upper part of the sequence, Coniacian-
Maastrichtian (Fig. 2) shows the intercalation of marlstones and limestones in the detrital layers related
to the variation of sedimentation conditions (Njike et al. 2014).

Rio-del-Rey sub-basin

X-ray diffraction in the Cenomanian samples (MK1, MK2, MK6) exibits clays (illite, chlorite, vermiculite
and kaolinite), and carbonates (calcite and dolomite). Calcite and dolomite could. Dolomite is related to
the circulation of restricted marine pore waters near the mixing zone or may indicate elevated
temperature and pressure conditions during diagenesis (Eyong 2003). The gradual decreases of clays
(illite, chlorite and kaolinite) and carbonates (calcite and dolomite) from bottom to the top of the three
samples could indicate that they are linked to the same genetic event, probably the sea level change, but
this remains hypothetic as only three samples were collected with a wide spacing.

In the Campanian-Maastrichtian samples (DKA, DK1N and DK1B), kaolinite is also present but rather
increase from bottom to the top in the sequence, with very high (dominant) siderite (Fe2CO3) in the basal
sample (DK1A), not reported in other samples, indicating probably the sea level increasing that has led to
reducing condition needed for deposition of siderite. Meanwhile, the siderite formation is indicative of a
late diagenetic phenomenon, with calcite as precursor. It is reported in varied environments (Pye et al.
1990; Eyong 2003). The increase of kaolinite in this sequence is probably linked to the continental input
during the sea level decrease.
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5.6. Tectonic setting
The major-elements based discrimination plots of Verma and Armstrong-Altring (2013) were used to
characterize the tectonic setting. These diagrams (Fig. 16A and 16B) have been widely and successfully
used (Guadagnin et al. 2015; Nagarajan et al. 2015; Taw�ck et al. 2017; Zaid 2015; Zeng et al. 2019;
Tchouatcha et al. 2021) and discriminate three tectonic types (Arc-Rift-Collision) of two sets of low-silica
rocks [(SiO2)adj = 35–63%] and high-silica rocks [(SiO2)adj = 63–95%]. All the plotted samples from the
three sub-basins belong to the collisional tectonic setting with high-silica contents. Only one sample is
out of the collisional tectonic setting and has low-silica content. Some recent work in the Logbadjeck
Formation of the Douala sub-basin led to a similar interpretation (Ngueutchoua et al. 2019). In the Th-Sc-
Zr/10 ternary plot (Fig. 16C and 16D) of Bhatia and Crook (1986), our samples correspond mainly to the
continental island and passive continental margins and a few samples in the active continental margin
(i.e. Campo samples in continental island arc, Douala samples in the continental island arc and passive
continental margin, some in the active continental margin, and Rio-del-Rey samples in the continental
island arc and passive continental margin). These results are similar to those of Ngueutchoua et al.
(2019) corresponding to active and passive continental margins. According to a recent study in the
northern part of the Douala sub-basin (Esue et al. 2021) most of the samples belong to the passive
margin tectonic and others in the active continental margin or oceanic island arc.

All these results may indicate the complexity of the setting up of the Atlantic Basin of Cameroon. The
Atlantic Basin of Cameroon is formed in a rift and passive tectonic context (Nguene et al. 1992; Njike
Ngaha and Eno Belinga 1987; Ntamak-Nida et al. 2010; Njike Ngaha et al. 2014) (Fig. 19). Meanwhile,
outcrops from the Campo sub-basin were affected by both normal and inverse faults, indicating
respective distensional and compressional movements. Thus, if the geological history of the Atlantic
Basin of Cameroon corresponds to passive and rifting settings, its evolution is marked by periods of
compressional events, and the collision or active tectonic setting may re�ect, on the one hand, the
compressional events due to the �lling pressure of sediments during the evolution of South Atlantic
Ocean, and in the other hand, re�ects the Precambrian basement history which experienced the
Neoproterozoic orogeny (Nzenti et al. 1994; Toteu et al. 2001; Kroner and Stern 2004). Similar
interpretations were made in numerous studies, such as in Recent deposits (e.g. Armstrong et al. 2015),
Tertiary to Cretaceous (e.g. Tchouatcha et al. 2021) and Cretaceous deposits (Ngueutchoua et al. 2019a;
Tchouatcha et al. 2021). The paleogeographic evolution of the Cameroon Atlantic Basin is given in
Fig. 17. Anyway, it makes sense that after the morphological �attening of the Precambrian reliefs during
the Proterozoic, great quantities of sediments were produced until the end of the proto-Atlantic rifting.
This latter caused differential subsidence by reactivation of normal and antithetic rifting faults. In this
context, the listric and reverse faults, well developed in the Campo sub-basin, indicate respectively syn-
tectonic deposits periodically affected by compressional events.

5.7. Paleoenvironment and Paleogeographic evolution
Late Jurassic to Early Cretaceous
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This period corresponds probably to the second episode in the breakup of Pangea and South Atlantic
Opening linked to the separation of African and South American Continents (Fig. 17A) associated with
intense igneous activities (Scotese 2001; Njike Ngaha 1984; Njike Ngaha et al. 2014).

This opening led to the �rst detrital deposits in the Atlantic Basin, well known in the Campo sub-basin.
These deposits are made up of alternated polygenic breccias interbedded with sandstones and ̸ or
siltstones to claystones upward indicating gravity and rhythmic deposits. The facies and geochemical
characteristics (Fig. 14A and B) indicate deep environments, probably in a lacustrine landscape with
periodically marine incursion (Fig. 17B) as suggested by the exclusive continental palynomorph species
such as Classopollis sp. and Ephedripites sp., and periodic formation of dolomite (Fig. 8C) linked
probably by sea water incursions, under arid and semi-arid climate (Fig. 14C). The main sedimentary
succession is characterized by a major retrogradation/progradation cycle with a well-developed
progradational trend (Ntamak-Nida et al. 2010). The presence of listric and reverse faults (Fig. 3B and C)
should have generated relative �uctuations in lake level and sediment supply due to the active faults
creating alternative up- and down-lifting of basement blocs.

Middle to Late Cretaceous

According to Seiglié et al. 1982, two sedimentary cycles are globally identi�ed in the Douala sub-basin
from Middle to Late Cretaceous, one cycle of low amplitude from Cenomanian to Turonian-Coniacian
boundary, and the other one of hight amplitude from Turonian-Coniacian boundary to Late Maastrichtian.

The Cenomanian deposits (Lower to Middle Cenomanian) in the Douala sub-basin are mainly terrigenous
made up essentially of sandstones and conglomeratic sandstones with interbedded clays indicating a
rhythmic succession in a narrow rift and characteristic of deltaic environments (Njike Ngaha et al. 2014;
Tchouatcha et al. 2021).

Several synthetic and antithetic normal faults, related to the progressive E-W distension between South
American and African plates isolated small successive depressions, followed by a progressive sea water
in�ltration and variation of sedimentation conditions from lagoonal-lacustrine (Njike Ngaha et al. 2014)
to shallow marine conditions (Fig. 17C) con�rmed by the presence of Microforaminiferal test linings and
dino�agellate cysts.

From Late Cenomanian to Turonian, there was a signi�cant subsidence of the faulted basement
(Fig. 17D) linked to the progressive widening of the rift, the collapse of the entire block initiated a rise in
the marine transgression towards the Nord of the Douala sub-basin (Njike Ngaha et al. 2014) with
con�ned and shallow sea areas. This type of environment prevailed also in the Rio-del-Rey sub-basin
right up to the Coniacian period. This phase is widely dominated by fossiliferous rich calcareous shales
or marlstones facies.

During the Late Cretaceous, abundant marine species (Dino�agellate and foraminiferal species) in the
Campanian-Maastrichtian shales of the Rio-del-Rey sub-basin are related to the sea level rise (deep
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neritic), whereas in the Douala sub-basin, there is variation from bathyal to low deep neritic domain with
regressive sedimentation (Cael and Kim 1979). The climate is globally arid to semi-arid in the Rio-del-Rey
sub-basin, and arid to semi-arid and periodical semi-humid in the Douala sub-basin during Middle to Late
Cretaceous (Fig. 14C).

6. Conclusion
The Atlantic Basin of Cameroon is composed of three sub-basins, located from South to North by the
Campo (with probably the oldest deposits), Douala and Rio-del-Rey sub-basins. The Cretaceous deposits
of the Campo sub-basin are of Early Cretaceous age (probably Neocomian to Albian), while those of the
Douala and Rio-del-Rey sub-basins are from Early Cretaceous to Maastrichtian.

Fine-grained studied facies consist mainly of Fe-shales and shales associated with some Fe-sands and
arkoses to sub-arkoses in the Douala sub-basin; Fe-sands in the Rio-del-Rey sub-basin, and rare wackes in
the Campo sub-basin. The facies are more diversi�ed in color in the Douala sub-basin than those of the
Campo and Rio-del-Rey sub-basins.

The sediments from the Campo sub-basin originated from intermediate compositional rocks, those of the
Douala sub-basin from dominant felsic rocks in the northern part and of intermediate composition in the
southern part, and those from the Rio-del-Rey sub-basin from dominant felsic rocks.

The sediments from the Douala sub-basin are globally mature, those of the Campo sub-basin are rather
sub-mature, and those of the Rio-del-Rey sub-basin are sub-mature to mature.

The sediments from the Campo sub-basin were deposited under arid to semi-arid climatic conditions,
while those from the Douala sub-basin were formed under semi-humid to semi-arid climatic conditions
and those from the Rio-del-Rey sub-basin were deposited in semi-arid to semi-humid climatic conditions.

The deposits from the Campo sub-basin formed in a relatively deep lacustrine environment, those from
the Douala sub-basin in a �uvial to shallow marine environment and those from the Rio-del-Rey sub-basin
in a marginal to shallow marine environment.

Overall, the collisional tectonic setting corresponds to the Precambrian history of the basement
(Neoproterozoic collisional events) from which the sediments of the Atlantic Basin are derived.
Compressional tectonics during the evolution of the South Atlantic Ocean were also involved.

Although the Campo, Douala, and Rio-del-Rey sub-basins share the same setting-up story during the
opening of the Atlantic Ocean, there are some spreads such as the degree of maturity of sediments, the
lithology of rock sources, and the environment of sedimentation.

All Cretaceous sequences of the Rio-del-Rey sub-basin have been affected by marine in�uence, those of
the Douala sub-basin are dominated by �uvio-deltaic environments and periodically in�uenced by marine
incursions, and those of the Campo sub-basin are dominated by �uvio-lacustrine environments and
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probably with periodic weak marine incursions as a result of variations of relative sea level during this
period. The diagenetic effects on the deposits also varied from one sub-basin to another related to
tectonic and sea level changes.
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Tables
Table 2 to 4 are available in supplementary �le.

Figures

Figure 1
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Geological map of the Atlantic Basin of Cameroon (Modi�ed from Dumort, 1968; Njike Ngaha et al., 2014;
Ntamak-Nida et al., 2010; Tchouatcha et al., 2021)

Figure 2

Synthetic logs of outcrops from the Rio-del-del-Rey sub-basin (A) (Modi�ed from Njoh et al. 2018, Douala
sub-basin (B) (Modi�ed from Njike Ngaha, 2005; Njike Ngaha et al. 2014) and Campo sub-basin (C)
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(Modi�ed from Njike Ngaha and Eno Belinga, 1987; Ntamak-Nida et al. 2010).

Figure 3
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Field photographs of some outcrops and hand specimens from the Atlantic Basin: A: Rhythmic deposit
with blackish shale (Fl) and greyish sandstone alternation; B: Listric fault affecting the deposits; C:
Reverse fault affecting the deposits (Ntamak-Nida et al., 2010); D: Black clay with lamination (Fl); E:
Greenish silts interbedded in sandstones; F: Reddish clay with lamination (Fl); G: Hand specimen of
mottled (yellowish, grey, maroon and purple) and laminated sandy clay; H: Massive mottled (red and
whitish grey) clay interbedded in sandstone; I: Hand specimen of mottled (green and red) massive clay; J:
Hand specimen of laminated black calcareous shale. N.B.: A - C: from Campo sub-basin; D – H: from
Douala sub-basin; I and J: from Rio del Rey sub-basin.
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Figure 4

Microstructure photographs of the main facies from the Atlantic Basin: A, B and D: Very �ne-grained
clastic and isogranular microstructure; C: Cryptocristalline microstructure; E: Very �ne-grained clastic
isogranular microstructure; F and G: Fine-grained clastic and heterogranular microstructure; H: Fine-
grained clastic isogranular microstructure; I: Fine-grained clastic heterogranular and laminated
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microstructure; J: Fine-grained clastic isogranular microstructure. N.B.: A and B: from Campo sub-basin; C
– F: from Douala sub-basin; G – J: from Rio del Rey sub-basin.

Figure 5

A: Stick diagram of average major elements and correlation between �ne-grained deposits from Campo,
Douala and Rio-del-Rey sub-basins; B: Stick diagram of average trace elements and correlation between
�ne-grained deposits from Campo, Douala and Rio-del-Rey sub-basins
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Figure 6

Classi�cation of studied �ne-grained deposits according to the scheme of Herron’s (1988) diagram.



Page 39/52

Figure 7

Normalized value of PAAS (A) and Chondrite (B) after McLennan (2001) and McDonough and Sun (1995)
respectively; (C): PAAS normalized cross plot diagram of Ce/Ce* vs. Pr/Pr* used as a proxy for the Ce and
La anomalies (modi�ed after Bau et al., 1996). Notes: Field I: neither Ce nor La anomaly; Field IIa: positive
La anomaly, no Ce anomaly; Field IIb: negative La anomaly, no Ce anomaly; Field IIIa: positive Ce
anomaly, negative La anomaly; Field IIIb: negative Ce anomaly. 
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Figure 8

a: X-Ray diffraction from Douala sub-basin (southern part)

b: X-Ray diffraction from Douala sub-basin (northern part)
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c: X-Ray diffraction from Rio-del-Rey sub-basin

d: X-Ray diffraction from Campo sub-basin 

Figure 9

Palynologic content from some studied sediments: A: Ephedripites sp. (RDR, MK2, length=75µm); B:
Elateroplicites africaensis (RDR, MK2, length=37.5µm); C: Spheripollenites sp. (RDR, MK2, length=50 µm);
D: Cuticular sheet (RDR, MK2, length=40 µm); E: Echitriporites trianguliformis (RDR, DK1B, length=25 µm);
F= Tricolpites sp. (DL, TDMAN2, length=25 µm); G: Ephedripites multicostatus (DL, TDBAN1, length=62.5
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µm); H: Crybelosporites panuceus (DL, TDBAN1, length=57.5 µm); I: Monocolpate sp. (RDR, DK1B,
length=37.5 µm); J: Spinizonocolpites baculatus (RDR, DK1B, length=62,5 µm); K: Microforaminifera
ligning debris (DL, TDMAN2, length= 35 µm); L: Pollen? (CP, TC2, length= 25 µm); M: Eucommiidites
troedssnii (CP, TC2, length=37.5); N: Classopollis sp. (CP, TC3, length=32.5 µm); O: Deltoidospora sp. (CP,
TC3, length=45 µm); P: Granulate spore (DL, TDMAN2, length=30 µm); Q: Microforaminifera ligning (DL,
TDMAN2, length=62.5 µm); R: Unicellular fungi (DL, TDBAN1, length=32.5 µm); S: Microforaminifaral
lining (DL, TDMAN2, length=25 µm); T: Cerodinium sp. (RDR, DK1B, length=87.5 µm); U:
Microforaminiferal ligning (DL, TDBAN1, length=67.5 µm); V: Araucariacites sp. (RDR, MK2, length=27.5
µm): W: (?) Erdtmanipollis sp. (RDR, DK1B, length=25 µm); X: Spore? (RDR, MK2, length=30 µm). N.B.:
RDR= Rio del Rey sub-basin; DL= Douala sub-basin; CP= Campo sub-basin. 
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Figure 10

(A) Provenance discriminant function plot (after Roser and Korsch, 1988), (B) Ce vs. La/Yb (after Rao et
al., 2011) and (C) La̸Th vs. Hf (after Floyd and Leveridge, 1987) Scatter plots of provenance for the
studied samples.
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Figure 11

Location and Circular diagrams of rate of marine and non-marine palynomorphs and provenance source
rocks in the studied areas; (A) Campo sub-basin (Barremian-Albian); (B) Douala sub-basin, Mbanga
(Albian-Cenomanian); (C) Douala sub-basin, Ediki (Albian-Cenomanian); (D) Rio-del-Rey sub-basin
(Albian-Cenomanian); (E) Rio-del-Rey sub-basin (Campanian-Maastrichtian); IC = Intermediate
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composition; IMC= Intermediate and ma�c composition; FC= Felsic composition; FMC= Felsic and ma�c
composition. N.B.: Red color = Continental species rate; Blue color = Marine species rate.

Figure 12

A-CN-K plots (after Nesbitt and Young, 1984) for the studied samples. The dotted line represents the
possible weathering trend of the source rock if no K-addition is involved. The heavy solid line represents a
possible weathering trend combined with K-metasomatism from the source rock.
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Figure 13

ICV versus CIA diagram (Nesbitt and Young 1984; Cox et al. 1995) showing the maturity of studied
deposits
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Figure 14

(A) V vs. Al2O3 and (B) P2O5 vs. Al2O3 plots for paleoenvironmental reconstructions (after (Mortazavi et
al. 2014; Anaya-Gregorio et al. 2018), and (c) SiO2 vs. Al2O3 + K2O + Na2O plot for climate during the
deposition (After Suttner and Dutta, 1986).
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Figure 15

Plots of CIA versus Al ̸ Si (A), Na versus Al ̸ Si (B), Hf versus Al ̸ Si (C), Ca versus Al ̸ Si (D), Zr versus Al ̸ Si
(E), K versus Al ̸ Si (F) to illustrate the effect of grain-size on CIA, Na, Hf, Ca, Zr, and K.
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Figure 16

(A) Discriminant‐function multi‐dimensional diagram for high‐silica clastic sediments (Verma and
Armstrong‐Altrin, 2013). The subscript m1 in DF1 and DF2 represents the high‐silica diagram based on
loge‐ratios of major‐elements. The discriminant function equations are DF1 (Arc‐Rift‐Col)m1 = (−0.263 ×
In(TiO2/SiO2)adj) + (0.604 × In(Al2O3/SiO2)adj) + (−1.725 × In(Fe2O3 t /SiO2)adj) + (0.660 ×
In(MnO/SiO2)adj) + (2.191 × In(MgO/SiO2)adj) + (0.144 × In(CaO/SiO2)adj) + (−1.304 ×
In(Na2O/SiO2)adj) + (0.054 × In (K2O/SiO2)adj) + (−0.330 × In(P2O5/SiO2)adj) + 1.588; DF2 (Arc‐Rift‐
Col)m1 = (−1.196 × In(TiO2/SiO2)adj) + (1.604 × In(Al2O3/SiO2)adj) + (0.303 × In(Fe2O3 t /SiO2)adj) +
(0.436 × In(MnO/SiO2)adj) + (0.838 × In(MgO/SiO2)adj) + (−0.407 × In(CaO/SiO2)adj) + (1.021 ×
In(Na2O/SiO2) adj) + (−1.706 × In(K2O/SiO2)adj) + (−0.126 × In(P2O5/SiO2)adj) ‐ 1.068. (B) Discriminant-
function multi-dimensional diagram for low-silica clastic sediments. The subscript m2 in DF1 and DF2
represents the low silica diagram based on loge-ratios of major-elements. The discriminant function



Page 50/52

equations are DF1(Arc-Rift-Col)m2 = (0.608 x ln(TiO2/SiO2))adj + (-1.854 x ln(Al2O3/SiO2))adj + (0.299 x
ln(Fe2O3/SiO2))adj + (-0.550 x ln(MnO/SiO2))adj + (0.120 x ln(MgO/SiO2))adj + (0.194 x ln(CaO/SiO2))adj
+ (-1.510 x ln(Na2O/SiO2))adj + (1.941 x ln(K2O/SiO2))adj + (0.003x ln(P2O5/SiO2))adj - 0.294; DF2(Arc-
Rift-Col)m2 = (-0.554 x ln(TiO2/SiO2))adj + (-0.995 x ln(Al2O3/SiO2))adj + (1.765 x ln(Fe2O3/SiO2))adj +
(-1.391 x ln(MnO/SiO2))adj + (-1.034 x ln(MgO/SiO2))adj + (0.225 x ln(CaO/SiO2))adj + (0.713 x
ln(Na2O/SiO2))adj + (0.330 x ln(K2O/SiO2))adj + (-0.637 x ln(P2O5/SiO2))adj – 3.631. (C) La-Th-Sc and
(D) Th-Sc-Zr/10 ternary diagrams (Bhatia and Crook, 1986).
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Figure 17

General paleogeographic situation of Atlantic Basin during the Cretaceous (1, 2, 3 and 4: Paleogeographic
evolution between Brazil and Africa (modi�ed from Scotese, 2001); A, B, C and D: Paleogeographic
evolution of the Cameroon Atlantic Basin (modi�ed after Njike Ngaha, 1984; Tchouatcha, 2005; Njike
Ngaha et al., 2014). CAO: Central Atlantic Ocean; TO: Tethys Ocean; SA: South Atlantic; NA: North
Atlantic  
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