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Abstract 
The Douala sedimentary basin in Cameroon is the main gas prospective basin 
in the country and has witnessed a number of investigations in this regard. 
The Nkapa Formation is one of the basin’s principal rock units and here we 
analyzed samples from sediments comprising this formation in order to con-
strain their provenance, tectonic setting and depositional environment using 
geochemical traits. Major and trace elements were analyzed by inductively 
coupled plasma mass spectrometry. Elemental ratios provide information on 
geochemical signatures of Eu/Eu ratios of the sandstones and shales, suggest-
ing the provenance of the sediments was felsic from continental rock proto-
liths. Calculated K2O/Na2O ratios > 1 is reminiscent of quartz-rich sediments 
deposited in passive margin (PM) environments with significant terrigenous 
input. The elemental ratios La/Sc, La/Ca, Th/Sc, and Th/Co suggest that the 
sediment sources are felsic and mafic in nature. The clastic sediments were 
normalized using North American Shale Composite (NASC). The Ni/Co and 
V/(V + Ni) ratios reveal that the sediments were deposited under variable 
conditions including euxinic, dysoxic and anoxic. Overall, the evidence from 
discrimination diagrams using major and trace elements suggest that the se-
diments were derived from mostly Passive margins (PM) and continental isl-
and arc (CIA) with minor Oceanic island arch (OIA) sources. Limestones 
from the studied area at Kompina, rich in calcium carbonate above 98.5% 
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make them suitable for use in the chemical industries. In addition the felsic 
and mafic source rocks can lead to formation of light and dark colored min-
erals which can be of economic value. 
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1. Introduction 

Sedimentary rocks provide vital information on the provenance of sediments and 
for reconstructing the history of basins [1]. Geochemical signatures of sedimen-
tary rocks furnish vital information for distinguishing tectonic settings, climates 
and depositional environments associated with sedimentary basins [2] [3] [4] [5] 
[6]. Significant chemical changes commonly occur during the transportation of 
sediments. However, although hydraulic sorting, weathering and diagenesis alter 
the geochemical composition of sediments, original source terrain signatures are 
often retained [5] [7]. The effects of these processes also largely depend on the 
duration between erosion and deposition [5]. Even though major and trace ele-
ment geochemistry has been exploited mainly for sediment provenance and tec-
tonic setting studies, when integrated with compositional data of rocks, such as 
carbonates, their application can be extended to depositional environments [8] 
[9]. 

Sediment provenance can be evaluated using geochemical approaches, espe-
cially discrimination diagrams. These diagrams, which are based on relationships 
between elements have significantly enhanced knowledge on sediment prove-
nance and tectonic settings [7] [10] [11] [12] [13]. The sedimentology and pet-
rochemistry of sedimentary strata of Tertiary age in West Africa have attracted 
worldwide attention in recent years for various reasons. These include the pe-
troleum potential of these strata that lie in the eastern margin of the Atlantic 
Ocean [14] and the fact that carbonate resources for industrial use are common 
in these strata. 

Several studies have been carried out in the Douala Basin over the years 
[14]-[23]. These previous studies have focused on the petroleum prospectivity of 
the sediments. The petrochemistry, provenance and environment of deposition 
of sedimentary rocks have not witnessed the same level of scientific scrutiny. In 
the present study, the major and trace element signatures of sedimentary rocks 
in the Tertiary Nkapa Formation are used to investigate the sediment sources 
and tectonic setting of the depositional environment.  

The study area (Kompina) is located between latitudes 4˚20' and 4˚24'N and 
longitudes 9˚35' and 9˚40'E (Figure 1). It is part of the northern Douala Basin, 
which lies on the north-eastern flank of Mount Cameroon, a major volcanic 
horst in West-Central Africa [24] [25]. 
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Figure 1. Location of the study area (Kompina) including (a) map of Cameroon (not to scale) highlighting the location of the 
study area within the Douala Basin in the Littoral Region and (b) map of the study area and its relief (pink represents hilly and 
mountainous areas, while yellow to green shows low-lying areas) northeast of Mount Cameroon, modified from [26]. 

2. Origin, Evolution and Stratigraphy of the Douala Basin 

The Douala Basin (Figure 2) in Cameroon is a coastal sedimentary basin situ-
ated at the edge of the Gulf of Guinea [27]. Other coastal sedimentary basins in 
Cameroon include the Campo and the Rio del Rey Basins, and these three ex-
isted as a continuous basin during the Cretaceous period. The Tertiary volcan-
ism that formed the Mount Cameroon volcanic axis (Cameroon volcanic line; 
CVL) separated the Rio del Rey from the Douala Basin [15] [28].  

The origin of the Douala Basin is intimately linked to the rifting that created the 
South Atlantic Ocean during the Mesozoic (~130 Ma) breakup of Gondwanaland 
[26]. The opening of the South Atlantic Ocean involved counter-clockwise rota-
tion of the southern part of the African plate relative to South America around a 
pole centered in the North Atlantic. This produced shearing between the South 
and North African sub-plates in the Benue Trough and Central African Rift Sys-
tem or Central African Shear Zone (CASZ). 
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Figure 2. Map showing Sub-basins associated with rift systems in the South Atlantic Ocean 
i.e., basins of West Africa and Eastern Brazil (Brazil: Bahia Sul and Sergipe-Alagoas; West 
Africa: Congo, Gabon and Douala Basins (after [29]). 

 
According to [29], by the Mid Aptian, the Cameroon margin experienced a 

major structural reconfiguration, which started with oceanic transform faulting 
and margin extensions, and this segmented the rift structure of the margin. The 
north boundary of the basin is the south edge of the Niger Delta province [30], 
while in the south, the boundary is the Early Cretaceous to Holocene Walvis 
Ridge volcanic high [17]. These basins are classified as Atlantic-type sag basins 
[31] and they contain Palaeozoic to Holocene strata. The opening of the South 
Atlantic is linked with the formation of salt basins, and the associated tectonic 
activities occurred during pre-rift, syn-rift and post-rift stages. These tectonic 
movements affected basins from the south to the north Atlantic margin includ-
ing West Africa. 

The Douala basin belongs to the southern section of the Cameroon shelf, 
which comprises extensive Cenozoic and Mesozoic deposits, while the northern 
section of the shelf is dominated by Late Pleistocene and Holocene units [32]. 
The Precambrian basement is overlain by Albian-Senonian, Palaeocene, Mid-Late 
Miocene, and Pliocene-Pleistocene units [33]. The deposition and preservation 
of the Cenozoic and Mesozoic sediments were controlled by faulting, which cre-
ated depressions and related structures in the Precambrian basement [34]. De-
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formation types characterizing the structures of this margin include the follow-
ing: 

1) N-S-trending fractures parallel to the Precambrian onshore that formed 
during the Cretaceous rifting period, and these were crosscut by N60˚E-trending 
cross-faults induced by the transform movement associated with the creation of 
the South Atlantic. 

2) Structures that were governed by local comprehensive stresses during the 
Eocene transcurrent re-activation along the N60˚E transform fault, which ex-
tended the salt-controlled deformation. 

3) Nearly N-S faults, which affected the Miocene-Pliocene or Quaternary non- 
folded sequences, and which highlight distinct conditions [29]. 

Tectonic forces control the structural patterns in a basin [34], and thus, influ-
ence its sedimentary fill (volume and thickness of sediments). During the rifting 
in the South Atlantic, both the African and South American margins expe-
rienced extensional tectonics. These involved ocean ward movements of the in-
land Hinge, the Atlantic Hinge and the continental oceanic boundary (COB). 
The impacts of extensional tectonics are evident in the Douala Basin, although 
foreshortened by transcurrent (strike-slip) faulting [15]. The Atlantic Hinge was 
masked by high volumes of sediments delivered to the coast by rivers, and a 
modern shoreline has propagated across the previous deep-water setting. 
Growth structures (younging structures) akin to those in the onshore Niger 
Delta represent targets e.g. reservoirs in the Douala Basin of Cameroon. These 
structures were produced by shale diapirism in the delta and displacement by 
squeezing of sediments piling ocean ward [35]. The frontal toe thrust sediments 
of the delta complex are associated with upfolds [36] [37]. The COB extends 
between 150 - 250 km in water characterized by depths exceeding 2.5 km, and it 
is closest to the Atlantic Hinge in the transcurrent faults regions.  

Environments of deposition in the Douala Basin vary from continental at the 
base to evaporitic and marginal at the top and these reflect the progression from 
a rift valley to a passive margin [38]. The stratigraphy of the Douala Basin has 
been reported in detail in previous studies [16] [17] [18] [19] [29] [39] [40] [41] 
[42]. Formations in the basin are progressively younger from the north to the 
south of the basin. Figure 3 is a generalized stratigraphic section adapted from 
[16] showing the formations and rock types in the basin as well as their ages. 
These formations overlie a highly faulted Precambrian basement, which repre-
sents the oldest rocks in the basin (Figure 3). In vertical succession, formations 
in the basin include the following: Wouri, Matanda, Souellaba, Nkapa, Logbaba, 
Logbadjeck, Mungo and Mundek, which vary in age from Tertiary to Cretaceous. 

The Mungo Formation dominantly contains sandstones, with subordinate in-
tercalated limestones and shales as well as minor marls, silty clays and siltstones. 
The thick unfossiliferous sandstones of this formation, which have been assigned 
to the Lower Turonian, overlie the Mundeck Formation which rest on the crys-
talline basement. The Logbajeck and the Logbaba Formations are considered as 
one formation (Logbaba Formation) in some studies and attributed to the Upper  
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Figure 3. Generalised stratigraphic columns showing age, lithology, formation name and 
tectonic stage for sediments in the Douala Basin (modified after [16]). 

 
Cretaceous [17]. This formation comprises shales, sandstones and localized al-
ternations of carbonates, sandstones and shales. The Tertiary Nkapa Formation, 
which represents the study area, is characterized as a shale-dominated formation 
[17]. However, it also comprises sandstones, limestones, siltstones, marl and 
mudstones. In the offshore part of the basin, the Nkapa Formation represents a 
mud-dominated channel levee system. In this section, the formation also com-
prises of organic rich shales, limestones, siltstones and calcareous mudstones 
[16]. 

The Souellaba and Matanda Formations are also of Tertiary age. The Oligo-
cene Souellaba Formation is made up of sandstones, volcanic fragments, clay-
stones, and carbonates. The presence of volcanic components is attributed to ac-
tivities of the CVL. The Pleistocene Wouri Formation corresponds to the pres-
ently developing deltaic section. The stratigraphic pile involves sands, claystones 
and shales. The stratigraphic column of the Douala Basin contains mainly aren-
aceous, argillaceous and carbonate rocks.  

3. Description of Samples and Analytical Methods 

Field study consisted of investigating rock outcrops in the study area. A syste-
matic mapping and sampling of lithologic units in the Nkapa Formation, out-
cropping mainly along the banks of the Bongue River and its tributaries, river 
Channels, road cuts and valleys at Kompina, Lingue, Nkolwongo and kesso lo-
calities using topographic map delineating the study area (scale of 1:50.000). 
Field study involved observations, detailed description and measurements of li-
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thologic sections in the studied area as well as taking GPS readings for sample 
location points and collecting representative samples for analysis. 

A total of forty (40) representative samples were selected for geochemical 
analysis from the study area. The comprised dominantly carbonate rocks (se-
venteen (17) Limestones and three (3) marly limestones; five (5) calcareous 
shales; five (5) sandstones and one (1) lateritic soil sample (Figure 1 and Figure 
2). 

Major and trace element compositions of the samples were determined in 
ACME Laboratory in Vancouver, Canada, using inductively coupled plasma-mass 
spectrometry (ICP-MS). The procedure involved fusing about 0.25 grams of 
samples in a crucible for 30 minutes at high temperature (750˚C - 800˚C), using 
lithium metaborate. Insulated gloves and a crucible tongs are used to remove the 
crucible after heating and the heated sample allowed cooling at room tempera-
ture, followed by acid dissolution with 10 mL of concentrated hydrochloric acid 
that is mixed with 20 ml of high purity water. The sample in the crucible is 
mixed with hydrochloric acid and allowed to thoroughly dissolve. The solution 
is mixed by inversion and allowed to sit undisturbed for at least 30 minutes. This 
allows graphite to settle to the bottom and the solution left is ready for meas-
urement. The accuracy of the measurements for major oxides, trace elements 
and rare earth elements (REEs) range between 0.002 - 0.04, 0.0 - 0.5 and 0.01 - 1, 
respectively. 

To examine the geochemical characteristics of the carbonates, shales and 
sandstones in the Nkapa Formation, data generated were normalized using the 
North American Shale Composite (NASC) [5] for trace elements.  

4. Results 

The major and trace element data for carbonates (limestones and marly lime-
stones), shales, calcareous shales and sandstones from the Nkapa Formation in 
the Douala Basin investigated are presented in Table 1 and Table 2, with just 
one lateritic soil sample being analysed.  

 
Table 1. Major oxides (wt%), trace and rare-earth elements concentrations (ppm) of limestones and marly limestones. 

Rock 
sample 

No. 

Limestones Marly limestones 

S1 S4 S7 S10 S14 S16 S18 S20 S22 S24 S26 S27 S34 S35 S36 S37 S40 S3 S6 S13 

SiO2 21.10 2.43 35.5 10.56 12.3 17.2 24.6 5.18 22.5 13.9 26.3 17.7 19.0 23.2 34.0 31.3 4.32 45.5 37.46 54.31 

TiO2 0.94 0.07 1.47 0.28 0.31 0.57 0.8 0.16 0.76 0.46 0.99 0.69 0.48 0.70 1.05 0.83 0.16 0.32 1.02 0.19 

Al2O3 5.16 0.98 8.09 3.73 3.12 3.97 5.72 1.55 5.15 3.64 5.45 4.15 2.57 3.69 6.74 6.07 1.27 4.94 7.95 3.5 

Fe2O3 6.28 2.17 10.68 7.38 5.96 4.9 5.77 4.16 6.80 5.19 7.34 6.96 5.24 6.10 5.95 6.27 3.76 3.77 6.70 3.09 

MnO 0.08 0.06 0.10 0.14 0.08 0.05 0.05 0.11 0.09 0.07 0.09 0.09 0.13 0.14 0.07 0.06 0.10 0.06 0.06 0.13 

MgO 1.05 0.75 1.88 1.82 1.26 1.34 1.33 1.34 1.39 7.79 1.37 1.30 6.33 8.19 1.30 1.23 1.01 0.67 1.24 0.6 

CaO 33.08 51.52 19.32 40.85 40.8 37.9 31.6 47.4 32.5 32.6 29.6 35.7 32.3 26.1 25.2 26.7 48.2 23.19 21.71 19.5 

Na2O 0.13 0.02 0.27 0.1 0.08 0.16 0.22 0.06 0.21 0.17 0.20 0.14 0.09 0.12 0.30 0.24 0.10 0.32 0.35 0.27 
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Continued 

K2O 1.39 0.09 1.88 0.37 0.39 0.96 1.44 0.16 1.27 0.80 1.48 0.90 0.39 0.58 1.57 1.48 0.22 1.04 2.38 0.84 

P2O5 0.08 0.06 0.05 0.84 0.1 0.03 0.06 0.23 0.09 0.09 0.07 0.29 0.08 0.09 0.11 0.07 2.44 0.02 0.09 <0.01 

Cr2O3 0.01 0.01 0.02 0.016 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.004 0.01 <0.002 

LOI 30.4 41.6 20.4 33.6 35.4 32.6 28.1 39.5 28.9 35.0 26.8 31.7 33.1 30.8 23.3 25.4 38.2 20 20.7 17.5 

Total 99.70 99.76 99.66 99.69 99.8 99.7 99.6 99.8 99.7 99.7 99.7 99.7 99.8 99.7 99.6 99.7 99.8 99.83 99.67 99.93 

Ni 25.00 <20 40 <20 <20 <20 <20 <20 23 <20 25 21 <20 <20 23 <20 <20 <20 <20 <20 

Sc 6.00 2 9 6 4 4 6 3 5 4 6 6 3 4 6 6 3 2 7 1 

Ba 454.00 148 548 158 110 341 436 56 386 228 488 264 116 190 526 452 69 321 719 275 

Be 1.00 1 2 2 2 <1 1 <1 2 <1 1 <1 <1 1 6 2 <1 3 4 <1 

Co 13.90 2.2 24.1 19.7 7.6 13.3 17 4.1 16.0 9.1 18.8 14.7 5.1 6.6 14.9 11.1 3.6 5.5 17.3 2.6 

Cs 0.60 0.1 0.7 0.4 0.3 0.4 0.5 0.2 0.4 0.4 0.7 0.3 0.5 0.4 0.7 0.7 <0.1 0.4 0.8 0.2 

Ga 6.40 0.7 12.7 7.7 5.5 6.4 8.6 3.1 7.7 5.4 9.2 6.8 3.7 5.8 10.4 8.7 1.6 4.9 10.8 3.9 

Hf 17.20 0.8 14.2 5.3 5 13 19.1 1.9 19.1 8.0 14.8 10.5 9.8 11.2 27.3 29.0 1.9 3.9 19.5 1.5 

Nb 18.00 3.3 33.5 12.3 11 17.1 22.6 6.2 21.8 15.9 25.4 18.1 12.6 17.8 25.0 26.7 7.6 8.1 30 5.7 

Rb 34.70 3.4 43.7 10.2 10.7 22.6 32.8 4.7 27.5 18.2 34.0 20.2 10.1 15.4 38.0 33.0 6.0 21 53.6 16.2 

Sn 2.00 <1 3 2 1 3 2 <1 2 1 2 <1 <1 <1 2 2 <1 <1 3 <1 

Sr 707.00 1143.3 592.2 1456 884 997 852 983 805 766 653 905 410 385 775 862 1000 581.3 567.8 417 

Ta 0.50 0.1 2.1 1.1 0.6 0.5 1.2 1.1 1.3 0.7 1.4 0.6 0.3 0.9 1.3 1.1 <0.1 0.6 1.8 2 

Th 9.60 2.4 11.4 8.3 4.9 7.5 11.7 2.5 9.1 4.9 9.8 6.6 7.2 7.8 11.1 10.8 2.4 3.1 12 1.1 

U 2.50 0.4 2.1 3 1.1 1.7 2.2 1 2.2 1.1 2.0 1.8 1.2 1.5 3.2 2.8 0.7 0.7 2.5 0.4 

V 98.00 53 158 194 126 88 93 66 84 59 139 118 57 68 64 84 36 55 82 24 

W <0.50 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.5 <0.5 0.6 <0.5 0.6 1.4 <0.5 <0.5 <0.5 

Zr 643.8 32.2 558.8 194.8 178 491 713 78.9 662 289 513 424 386 462 1087 1076 98.4 135.6 757.2 58.9 

La 36.00 24.9 46.8 64 35.6 39.7 53 24 43.7 28.7 40.3 46.5 25.8 29.9 45.6 46.1 22.7 14.9 53.2 4.8 

Ce 81.3 45.6 108.6 141.7 90.1 93.1 123 56.4 103 66.4 101 116 58.0 66.7 102 103 48.7 34.1 122.6 10 

Pr 9.51 6.87 12.36 16.36 9.98 10.4 13.5 6.4 11.2 7.12 11.0 12.7 6.34 7.41 11.3 11.6 5.33 3.98 13.6 1.14 

Nd 40.00 29.4 50.1 66.6 36.7 38.7 51.4 27.2 42.3 25.3 42.7 48.9 23.5 30.1 44.0 43.2 24.1 16.5 57 4.5 

Sm 6.83 5.64 9.53 13.15 7.31 7.28 9.68 4.85 8.50 5.22 8.35 10.2 3.87 5.02 8.74 8.91 4.09 3.07 11.43 0.92 

Eu 1.43 0.96 1.79 2.26 1.3 1.34 1.86 0.93 1.57 0.87 1.47 1.92 0.60 0.79 1.52 1.56 0.86 0.49 1.79 0.26 

Gd 5.00 4.79 7.74 12.47 5.69 5.67 7.9 4.24 6.51 4.54 6.65 8.99 3.25 4.35 7.67 7.53 3.69 2.24 9.11 0.86 

Tb 0.75 0.71 1.24 1.9 0.87 0.88 1.18 0.66 0.97 0.70 0.96 1.30 0.46 0.67 1.12 1.10 0.57 0.33 1.44 0.15 

Dy 4.02 3.63 6.71 10.44 4.3 4.21 6.11 3.68 4.97 3.35 4.78 5.96 2.34 3.28 5.20 5.26 2.52 1.62 7.02 1.03 

Y 18.6 20.4 28.3 52.4 17.7 19.4 26.8 17.1 24.3 18.2 20.3 32.5 11.9 18.9 28.3 27.0 17.0 7.6 36.2 4.7 

Ho 0.68 0.67 1.14 1.86 0.78 0.8 1.09 0.63 0.97 0.71 0.97 1.36 0.43 0.71 1.08 1.04 0.63 0.3 1.39 0.18 

Er 1.89 1.80 3.15 5.14 1.94 1.94 3.1 1.8 2.55 1.91 2.39 3.41 1.21 1.92 2.96 2.95 1.59 0.79 3.54 0.49 

Tm 0.29 0.26 0.49 0.73 0.27 0.31 0.42 0.25 0.39 0.27 0.36 0.44 0.19 0.29 0.46 0.43 0.26 0.11 0.55 0.08 

Yb 2.15 1.42 2.94 3.82 1.42 1.75 2.52 1.44 2.54 1.36 2.16 2.96 1.18 1.98 2.86 2.85 1.75 0.82 3.46 0.55 

Lu 0.29 0.20 0.41 0.57 0.22 0.3 0.38 0.2 0.38 0.22 0.32 0.47 0.18 0.29 0.47 0.42 0.22 0.1 0.46 0.07 

Total 209 147 281 393 214 226 302 150 254 165 244 293 139 172 264 263 134 87.0 323 29.7 
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Table 2. Major elements (wt%), trace and rare-earth elements concentrations (ppm) of shales, calcareous shales, sandstones and 
lateritic soil. 

Rock 
sample 

No. 

Shales Calcareous shales Sandstones Lt Soil 

S5 S19 S23 S25 S29 S30 S31 S33 S39 S11 S15 S17 S21 S38 S2 S9 S12 S28 S32 S8 

SiO2 50.57 61.77 51.90 58.09 69.9 72.2 70.5 51.1 47.6 47.2 49.3 29.0 30.6 44.6 84 85.2 72.5 53.17 94.37 28.9 

TiO2 2.21 0.90 1.94 3.04 2.40 2.88 0.77 2.50 2.22 1.55 2.15 1.0 1.09 1.70 0.5 1.59 0.69 0.27 0.20 1.2 

Al2O3 18.89 7.68 15.05 14.90 11.3 12.1 11.6 18.9 17.6 17.2 16.3 6.42 6.77 15.8 3.7 8.37 11.1 2.12 3.68 12.32 

Fe2O3 5.39 13.72 11.40 5.65 3.68 5.31 2.94 6.49 10.3 10.4 11.6 7.62 6.76 17.4 8.3 0.43 2.38 36.81 0.17 43.43 

MnO 0.02 0.05 0.07 0.03 0.02 <0.01 0.02 0.03 0.03 0.05 0.05 0.08 0.08 0.05 0.01 <0.01 <0.01 <0.01 <0.01 0.10 

MgO 0.91 1.94 1.53 0.43 0.10 0.09 0.40 0.50 1.23 1.52 1.57 1.45 1.30 2.36 0.02 0.06 0.4 <0.01 <0.01 0.09 

CaO 0.24 2.75 0.50 0.13 0.03 <0.01 0.06 0.07 0.65 3.98 0.97 27.5 26.5 1.53 0.14 0.21 0.69 0.05 <0.01 0.44 

Na2O 0.38 0.16 0.45 0.56 0.07 0.03 0.10 0.08 0.24 0.27 0.45 0.28 0.28 0.17 0.02 0.02 0.29 <0.01 <0.01 <0.01 

K2O 2.04 0.90 2.76 3.15 1.78 0.54 2.57 2.26 2.28 2.11 2.68 1.8 1.84 1.53 0.03 0.17 2.29 0.01 0.02 0.1 

P2O5 0.08 1.24 0.08 0.06 0.14 0.12 0.04 0.08 0.08 0.10 0.06 0.07 0.06 0.08 0.05 <0.01 0.06 0.26 0.02 0.59 

Cr2O3 0.01 0.04 0.02 0.021 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01 <0.002 0.07 

LOI 19.00 8.50 13.90 13.6 10.1 6.4 10.7 17.6 17.6 15.3 14.6 24.4 24.4 14.5 2.8 3.8 9.4 7.3 1.6 12.5 

Total 99.743 99.646 99.60 99.66 99.5 99.7 99.7 99.6 99.8 99.7 99.7 99.6 99.7 99.7 99.9 99.8 99.8 99.99 100.06 99.74 

Ni 34 25 57 27 <20 <20 <20 48 67 57 37 <20 <20 80 <20 <20 <20 <20 <20 32 

Sc 13 12 13 13 9 10 6 13 15 13 14 8 7 16 3 5 5 7 <1 20 

Ba 688 283 809 812 1378 693 1142 897 593 681 743 527 558 578 26 88 662 7 26 65 

Be 3 2 4 3 2 2 1 4 4 4 <1 1 1 <1 2 <1 <1 1 1 7 

Co 12.4 20.8 48.1 9.4 12.0 1.8 8.5 24.3 29.2 30.2 33.4 20.8 20.4 40.0 2.7 0.5 10.3 0.5 0.3 29.3 

Cs 1.9 0.7 1.4 1.0 0.7 0.3 0.5 1.9 1.3 1.8 1.8 0.6 0.6 1.6 0.1 <0.1 0.9 <0.1 <0.1 0.6 

Ga 28.6 13.1 24.8 25.6 14.8 16.2 12.5 27.6 23.7 24.6 24.4 9.7 10.0 23.3 3.4 8.2 13.4 3.8 3.1 19.4 

Hf 18.4 12.5 20.7 25.9 46.4 39.6 20.5 31.4 17.5 11.6 15.4 21.1 22.7 13.5 2.9 26.4 6.3 4.1 3.1 21.2 

Nb 65.6 29.6 54.0 71.4 53.7 61.3 21.4 89.3 48.5 43.4 45.5 26 35.9 40.5 13 32.5 18.9 7.1 6.1 31.7 

Rb 57.9 24.6 69.6 69.0 42.3 16.1 48.3 58.9 55.0 55.2 63.4 39 38.3 38.0 1.5 4.9 48.9 0.9 0.5 7.3 

Sn 6 3 4 7 3 4 <1 7 4 5 6 2 2 4 <1 2 2 <1 <1 3 

Sr 96.6 160.7 139.3 108.8 206 128 162 136 121 269 149 838 737 141 13 13.7 107 6.3 4.0 30.9 

Ta 4.4 4.3 3.2 3.8 3.2 3.8 1.0 5.9 2.7 7.5 2.2 1.4 2.3 2.6 1 3.5 2.3 0.5 0.4 2.2 

Th 19.5 18 18.3 20.2 20.7 21.4 10.8 24.6 19.2 17.5 17.8 12 11.5 16.9 4.9 11.1 7.4 3.4 1.3 19.1 

U 4.6 6.5 3.5 4.4 6.7 6.1 2.9 6.5 4.4 3.3 3.5 2.7 3.0 3.5 0.9 2.1 1.4 3.2 0.4 8.6 

V 109 399 181 157 96 119 41 121 144 228 189 105 90 182 27 57 82 37 9 524 

W 1.3 <0.5 1.5 1.9 1.2 1.0 0.7 1.4 1.2 1.2 1.2 <0.5 1.3 1.7 <0.5 1.5 0.8 <0.5 <0.5 0.9 

Zr 703.7 470.9 772.2 972.6 1746 1425 801 1114 649 447 565 794 830 537 98.9 1012 227.8 181.2 136.9 843.5 

La 76.50 95.40 77.30 66.20 45.1 41.9 29.0 79.5 67.3 66.9 60.7 64.1 53.5 77.8 9.6 12.4 56.7 7.7 2.2 36 

Ce 156.1 231.10 177.50 151.0 94.3 84.0 60.4 170.8 137.8 145.3 136.4 145.9 122.9 165.7 46 24.2 101 14.2 5.0 110.8 

Pr 18.41 26.14 19.69 16.33 10.1 9.09 6.77 18.49 15.82 17.28 15.95 16.4 13.16 19.32 1.9 2.84 13.8 1.56 0.45 7.71 
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Continued 

Nd 74.60 100 71.4 60.6 37.1 36.3 24.0 70.2 63.0 64.2 60.4 65.1 52.8 72.1 6.5 11.1 52.3 6.5 0.9 30 

Sm 14.16 20.13 14.83 12.08 7.15 7.97 4.85 13.44 12.29 12.16 11.96 11.61 10.15 14.75 1.2 1.84 9.17 1.15 0.22 6.89 

Eu 2.03 3.7 2.72 2.02 1.42 1.83 1.03 2.44 2.38 2.37 2.3 2.25 1.82 2.87 0.2 0.26 1.82 0.20 0.06 1.32 

Gd 11.52 18.68 12.76 9.56 6.70 8.31 3.67 10.98 10.85 10.22 9.85 9.9 8.26 11.44 0.8 1.32 7.36 0.65 0.23 6.04 

Tb 1.82 3.00 2.01 1.47 1.14 1.41 0.58 1.78 1.76 1.61 1.63 1.51 1.24 1.62 0.1 0.2 1.1 0.11 0.06 1.15 

Dy 10.08 1.62 10.22 7.47 5.68 7.46 3.17 10.4 9.34 8.57 8.88 8.03 6.24 9.17 0.7 1.24 5.5 0.90 0.22 6.55 

Y 48.4 78.3 44.5 35.2 41.7 43.0 16.3 47.8 46.6 36.7 39.1 32.7 29.9 36.7 2.8 8.1 21.1 2.4 1.7 28.6 

Ho 1.86 3.18 1.94 1.55 1.40 1.64 0.64 1.96 1.81 1.59 1.55 1.37 1.21 0.71 0.1 0.28 0.99 0.10 0.09 1.33 

Er 4.95 9.07 5.11 4.20 4.30 4.47 1.82 5.45 4.86 4.43 4.37 3.69 3.14 3.66 0.4 1.1 2.56 0.25 0.30 3.9 

Tm 0.76 1.26 0.75 0.67 0.68 0.80 0.31 0.82 0.79 0.65 0.63 0.53 0.48 0.62 0.1 0.21 0.37 0.05 0.06 0.62 

Yb 4.92 7.59 4.53 4.14 4.27 5.53 2.14 5.44 4.37 4.03 3.9 3.1 2.95 3.48 0.4 1.29 2.14 0.51 0.36 4.22 

Lu 0.7 1.14 0.67 0.67 0.80 0.80 0.34 0.78 0.65 0.58 0.55 0.5 0.46 0.49 0.05 0.26 0.32 0.06 0.06 0.6 

Total 427 600 446 373 262 255 155 440 380 377 358 367 308 420 70.8 66.6 276 36.3 11.9 246 

4.1. Major Elements  

The concentrations of the major oxides in the carbonates, shales and sandstones 
are presented in Tables 1 and Table 2 respectively. The geochemical data show 
low to moderate concentrations for SiO2 in the limestones (2.43 - 35.5 wt%) and 
moderate to high concentrations for marly limestones (37.46 - 54.31 wt%).  

The major oxides also show moderate to very high values of SiO2 (47.6 - 72.26 
wt%) for shale and moderate SiO2 values (29.0 - 49.3 wt%) for calcareous shale 
(Table 2). Sandstones from the study area have the highest SiO2 concentration 
(53.17 - 94.37 wt%; Table 2). The single lateritic soil sample gave a moderate 
SiO2 value (28.9 wt%; Table 2). 

The concentration of CaO in limestone ranges from 19.32 to 51.52 wt% and 
19.5 to 23.19 wt% in marly limestone (Table 1). CaO concerntration for the 
carbonate lithofacies are generally high. CaO concentrations in shales are low 
(<0.01 - 2.75 wt%) and low to moderate (0.97 - 27.5 wt%) for calcareous shales 
(Table 2). The concentration of CaO for sandstones and the lateritic soil sample 
are significantly low (<0.01 - 0.69 wt%). From the major oxides results presented 
on Table 2, it is observed that samples with higher SiO2 concentrations have 
lower CaO content. However, the CaO content for a marly limestone sample 
(S13) is significantly high (19.5 wt%) when compared to its high SiO2 content 
(54.31 wt%). For carbonates, high CaO content of ≥50 wt% signifies medium to 
high purity [43]. Moderate concentration of CaO between 26.5 to 27.5 wt% 
(Table 2), obtained for some calcareous shales is indicative of biogenic/organic 
input which precipitates CaO. Aluminium oxide (Al2O3) concentration is slightly 
lower in limestones (0.98 - 8.09 wt%) compared to marly limestones (3.09 - 7.95 
wt%) (Table 1). The shales and calcareous shales show Al2O3 concentrations 
ranging from 6.42 to 18.9 wt%, while those for sandstones vary between 2.12 - 
11.1 wt% (Table 2). Iron oxide (Fe2O3) concentration in limestones ranges from 
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2.17 to 10.68 wt% with slightly lower values in marly limestones (3.09 - 6.70 
wt%) and slightly higher values (2.94 - 13.72 wt%) in shales and calcareous 
shales (6.76 - 17.4 wt%). Iron oxide (Fe2O3) concentrations range from 2.94 - 
13.72, wt%) (6.76 - 17.4, 0.17 - 36.81 wt%) and 43.43 wt% for the shales, cal-
careous shales, sandstones and laterite soil sample, respectively. The concentra-
tions of titanium oxide (TiO2) manganese oxide (MnO), phosphorus pentaoxide 
(P2O5) and chromium dioxide (Cr2O3) have significantly low values in both 
limestones and marly limestones with slightly higher values for MgO and K2O 
(Table 1).  

4.2. Trace Elements  

Trace elements are very vital in the identification of geological processes like 
provenance and tectonic settings. These elements were normalized using North 
American shale composite (NASC) values from [44]. Normalization against NASC 
is a measure of subtle enrichment and deficiencies in certain elements in the se-
diments [5]. The carbonate rocks (limestones and marly limestones) show low to 
moderate concentrations of Ni, Co, Be, Hf, Nb, Y, W, Sn and Th (<0.5 - 40 ppm; 
Table 1). Lower concentrations of Cs, Ga, Sc, Ta, U (<0.1 - 12.7 ppm) are also 
observed, with the highest values obtained for Ba, Rb, Sn, Sr, Zr and V (<1 - 
1456 ppm) in the rocks. The shale and calcareous shale samples display low 
concentrations of Be, Sn, Ta, U and W (<0.5 - 7.5 ppm), low to moderate con-
centrations of Sc, Co, Ga and Hf (6 - 48.1 ppm), moderate to high concentra-
tions of Ni, Th, Nb and Rb (10.8 - 89.3 ppm) and high to very high concentra-
tions for Ba, Sr, V and Zr (41 - 1746 ppm) (Table 2). The sandstones are cha-
racterized by low concentrations of Be, Cs, Sn, Ta, U and W (<0.1 - 3.5 ppm), 
moderate concentrations of Ni, Co, Sc, Ga, Hf, Nb, Rb, Sr and Th (<1 - 107 
ppm) and high concentrations of Ba, V and Zr (7 - 1012 ppm). 

From the studied lithofacies, the trace element compositions of the carbonate 
rocks, calcareous shale and shales and sandstones were normalized against the 
North American shale Composite (NASC) [44]. The carbonates show depletion 
of Sc, Cs, Rb, Ta and Th with respect to those of NASC; with enrichment of Hf, 
Sr, and Zr and moderate depletion of Ni, Ba, Co and U when compared to 
NASC. Regular patterns were observed for Ca, Cs, Hf, Rb to Sr, with scattered 
plots observed for Ni, Sc, Ba, Ta, Th, U and Zr (Figure 1). Based on the normal-
ized trace elements data, shales and calcareous shales exhibit severe depletion in 
Co and Cs, moderate depletion in Ni, Sc and Rb, and enrichment in Ba, Hf, Rb, 
Sr, Ta, Th, U and Zr relative to the NASC (Figure 4(a)). Relatedly, the normal-
ized sandstones data display significant variations including enrichment in Sc, 
Hf, Ta, Th, U and Zr, moderate depletion in Ni and Sr, and severe depletion in 
Ba, Co, Cs and Rb compared to the NASC (Figure 4(b)). Overall, data for the 
samples for elements that are abundant in ferromagnesian minerals (e.g., Co and 
Ni) and high field strength elements (Zr, Hf, Th and U) show depletion relative 
to the NASC. 

https://doi.org/10.4236/ijg.2021.129042


F. N. Kwankam et al. 
 

 

DOI: 10.4236/ijg.2021.129042 750 International Journal of Geosciences 
 

 

Figure 4. North American shale composite (NASC)-normalised trace ele-
ment diagrams for (a) carbonate rocks, (b) shales and (c) sandstones of the 
Nkapa Formation. The NASC values of [44] were used, and these plots are 
useful in identifying subtle enrichment and deficiencies in certain elements 
[5]. 

4.3. Rare Earth Elements (REEs) 

The REE data for the various lithofacies studied are given on Table 1 and Table 
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2. The highest concentration of REEs in the limestones and marly limestones 
was obtained for La and Ce, representing light rare elements (LREE) with values 
ranging from 4.8 to 64 ppm and 10 - 141.7 ppm respectively. High concentra-
tions were also obtained for Nd (4.5 - 66.6 ppm) and Y (4.7 - 52.4 ppm). Middle 
REEs which range from Sm to Ho have low (0.15 ppm; Tb) to moderate (13.15 
ppm; Sm) concentrations with the lowest values obtained from the heavy rare 
earth elements (Er to Lu; HREE) e.g., Lu with concentration of 0.07 to 0.47 ppm 
(Table 1). The REEs in the limestones and marly limestones have mean values 
ranging from 0.31 ppm (Lu) to 83.63 ppm (Ce; Table 1).  

Among the shale and calcareous shale samples analyzed, Ce displays the high-
est concentrations (60.4 - 231.10 ppm) among the LREEs, followed by Nd (24 to 
100 ppm), La (29.0 - 95.40 ppm) and Y (16.3 - 78.3 ppm). For the MREEs, Sm 
has a concentration of 4.85 to 20.13 ppm, Eu, Gd, Tb, Dy, Ho had concentra-
tions in the range of 0.58 - 18.68 ppm (Table 2). In the shale samples, same as 
for the carbonates, the lowest concentration for the REE was obtained for the 
HREE (Lu) with concentrations of 0.34 - 1.14 ppm. For shale samples mean REE 
values are between 0.7 (Lu) - 141.4 (Ce) ppm (Table 2). Regarding the sand-
stones, Ce (5.0 - 101 ppm) also showed the highest concentrations among 
LREEs, with subordinate concentrations for La (2.2 - 56.7 ppm), Nd (0.9 - 52.3 
ppm), Pr (0.45 - 13.8 ppm) and Y (1.7 - 21.1 ppm). Both the MREE and HREEs 
(Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu) are characterised by low concen-
trations varying correspondingly between 0.05 - 9.17 and 0.2 to 50.2 ppm (Table 
2). 

4.4. Element Ratios  

The studied samples are characterized by V/(V + Ni) ratios varying between 0.56 
- 0.87 for the carbonates, 0.69 - 0.94 for calcareous shales and 0.32 - 0.94 for 
sandstones (Table 3).  

The La/Co ratios vary from 1.94 - 11.32, 1.85 - 3.88, 3.56 - 24.80 and 1.61 - 
23.28 for the limestones, marly limestones, sandstones and, shales and calcare-
ous shales respectively (Table 4). The La/Co ratio of 24.80 for sample S9 is sig-
nificantly high among the sandstone samples, while a shale sample (S30) shows a 
ratio beyond the maximum reported for felsic rocks (Table 4).  

5. Discussion 
5.1. Provenance Indicators 

Trace elements are vital indicators of geological processes, such as provenance 
and tectonic settings associated with the deposition of sediments. The high REE 
concentrations in the shale samples are probably caused by terrigenous input. 
The low to moderate REE concentrations in the sandstones are attributed to 
quartz dilution [45] [46]. The Eu/Eu*, La/Sc, La/Co, Th/Co and Th/Cr ratios are 
generally employed as indicators of the provenance of sediments (Table 3: [45] 
[46] [47]). 
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Table 3. Element ratios in limestones, marly limestones, shales, calcareous shales, sandstones and lateritic soil. 

Rock 
sample 

No. 

Limestone Marly limestone 

S1 S4 S7 S10 S14 S16 S18 S20 S22 S24 S26 S27 S34 S35 S36 S37 S40 S3 S6 S13 

La/Sc 6.00 12.45 5.20 10.67 8.90 9.93 8.83 8.00 8.74 7.18 6.72 7.75 8.60 7.48 7.60 7.68 7.57 7.45 7.60 4.80 

La/Co 2.59 11.32 1.94 3.25 4.68 2.98 3.12 5.85 2.73 3.15 2.14 3.16 5.06 4.53 3.06 4.15 6.31 2.71 3.08 1.85 

Th/Sc 1.60 1.20 1.27 1.38 1.23 1.88 1.95 0.83 1.82 1.23 1.63 1.10 2.40 1.95 1.85 1.80 0.80 1.55 1.71 1.10 

Th/Co 0.69 1.09 0.47 0.42 0.64 0.56 0.69 0.61 0.57 0.54 0.52 0.45 1.41 1.18 0.74 0.97 0.67 0.56 0.69 0.42 

Ni/Co 1.80 8.64 1.66 0.96 2.50 1.43 1.12 4.63 1.44 2.09 1.33 1.43 3.73 2.88 1.54 1.71 5.28 3.45 1.10 7.31 

V/(V + Ni) 0.80 0.74 0.80 0.91 0.87 0.82 0.83 0.78 0.79 0.76 0.85 0.85 0.75 0.78 0.74 0.82 0.65 0.74 0.81 0.56 

Eu/Eu* 1.15 0.87 0.98 0.83 0.95 0.98 1.00 0.97 0.99 0.84 0.93 0.95 0.80 0.80 0.87 0.90 1.04 0.88 0.83 1.38 

 
Shale Calcareous shale Sandstones Lt Soil 

S5 S19 S23 S25 S29 S30 S31 S33 S39 S11 S15 S17 S21 S38 S2 S9 S12 S28 S32 S8 

La/Sc 5.88 7.95 5.95 5.09 5.01 4.19 4.83 6.12 4.49 5.15 4.34 8.01 7.64 4.86 3.20 2.48 11.34 1.10 2.44 1.80 

La/Co 6.17 4.59 1.61 7.04 3.76 23.28 3.41 3.27 2.30 2.22 1.82 3.08 2.62 1.95 3.56 24.80 5.50 15.40 7.33 1.23 

Th/Sc 1.50 1.50 1.41 1.55 2.30 2.14 1.80 1.89 1.28 1.35 1.27 1.50 1.64 1.06 1.63 2.22 1.48 0.49 1.44 0.96 

Th/Co 1.57 0.87 0.38 2.15 1.73 11.89 1.27 1.01 0.66 0.58 0.53 0.58 0.56 0.42 1.81 22.20 0.72 6.80 4.33 0.65 

Ni/Co 2.74 1.20 1.19 2.87 1.58 10.56 2.24 1.98 2.29 1.89 1.11 0.91 0.93 2.00 7.04 38.00 1.84 38.00 63.33 1.09 

V/(V + Ni) 0.76 0.94 0.76 0.85 0.83 0.86 0.68 0.72 0.68 0.80 0.84 0.85 0.83 0.69 0.59 0.75 0.81 0.66 0.32 0.94 

Eu/Eu* 0.75 0.90 0.93 0.89 0.97 1.06 1.15 0.95 0.97 1.00 1.00 0.99 0.94 1.04 0.97 0.79 1.04 1.09 1.26 0.96 

NB: Lt = Lateritic soil. 
 
Table 4. Range of element ratios for the different lithofacies of the study area compared to felsic rocks and mafic rocks. 

Rock Limestone Shale Terrigenous sediments Ranges for felsic and mafic rocks 

 Limestone Marly limestone Shale Calcareous Shale Sandstone Lt. Soil Felsic rocks Mafic rocks 

Eu/Eu* 0.80 - 1.15 0.83 - 1.38 0.75 - 1.15 0.94 - 1.04 0.79 - 1.26 0.96 0.40 - 0.94 0.71- 0.95 

La/Sc 5.20 - 12.45 4.80 - 7.96 4.19 - 7.95 4.34 - 8.01 1.10 - 11.34 1.80 2.50 - 16.3 0.43 - 0.86 

La/Co 1.94 - 11.32 1.85 - 3.88 1.61 - 23.28 1.82 - 3.08 3.56 - 24.80 1.23 1.80 - 13.8 0.14 - 0.38 

Th/Sc 0.80 - 2.40 1.10 - 1.71 4.86 - 8.01 1.06 - 1.64 0.49 - 1.48 0.96 0.84 - 20.5 0.05 - 0.22 

Th/Co 0.42 - 1.09 0.42 - 1.09 0.66 - 11.89 0.42 - 0.58 0.72 - 22.20 0.65 0.67 - 19.4 0.04 - 1.40 

NB: Mafic and felsic values were derived by [45] [46]. 
 

These ratios for the studied shales and sandstones were used to support the 
major element discriminants of felsic and mafic rocks in highlighting their 
provenance (Figure 5). 

The Th/Sc ratios for the shales (4.86 - 8.01), calcareous shales (1.06 - 1.64) and 
sandstones (0.49 - 1.48) are indicative of provenance from felsic sources (Table 
4; [10]). 

However, the significantly low Th/Sc ratio of 0.49 for a sandstone sample 
(S28) falls outside the ranges for felsic and mafic rock sources (Table 3). The  
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Figure 5. Discrimination diagram for the provenance of sedimentary 
rocks showing the (a) Kompina sandstones and shales after [10]. F1 = 
30.638TiO2/Al2O3 – 12.541Fe2O3 (total)/Al2O3 + 7.329MgO/Al2O3 + 
12.031Na2O/Al2O3 + 35.402K2O/Al2O3 – 6.382. F2 = 56.5TiO2/Al2O3 – 
10.879Fe2O3 (total)/Al2O3 + 30.875MgO/Al2O3 – 5.404Na2O/Al2O3 + 
11.112K2O/Al2O3 – 3.89.  

 
Th/Co ratios for the shales (0.66 - 11.89) and sandstones (0.72 - 22.20) also re-
flect provenance dominantly from felsic sources. This is also supported by the 
La/Co ratios for limestones, marly limestones, sandstones, shales and calcareous 
shales (Table 4). Based on comparisons of the trace and rare earth element ratios 
for the samples studied and those for felsic and mafic rocks proposed by [45] 
[46], almost all the shales and sandstones from the Nkapa Formation originated 
from felsic sources with subordinate inputs from other sources (Table 3). Nota-
bly, the Eu2+ anomaly is mainly controlled by feldspars from felsic magmas, in 
contrast to the incompatible Eu3+. According to data in Table 3 and in Figure 
4(c), approximately two-thirds of the sandstone samples display positive Eu 
anomalies. The negative Eu anomalies observed for sandstones imply that these 
components were transported to the marine environment as part of detrital sand 
grains. 

According to the oxides-based discrimination diagram proposed by [10], prove-
nance fields include the mafic igneous, quartzose sedimentary and intermediate 
igneous (Figure 5). However, few shales and no sandstone from the Nkapa 
Formation plot in the intermediate igneous provenance field (Figure 5). In ad-
dition, no sample falls in the felsic igneous provenance field, which apparently 
contradicts the dominantly felsic origin for the studied samples based on trace 
element ratios (Table 4). However, these data highlight the presence of mafic 
plutons within a largely granitic (felsic) source region. This discrimination dia-
gram further indicates that the sediments which were formed these rocks were 
derived from multiple sources, and this is consistent with the felsic, mafic, 
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quartzose and minor intermediate provenance displayed in Figure 5. The Mafic 
igneous and felsic igneous provenances may have resulted from the faulted 
basement rocks which are made up of granite and Gneissic rocks in Cameroon 
and as well as from volcanic mafic rocks from the CVL and the Felsic Line [15] 
[16]. 

5.2. Tectonic Setting Discrimination  

Elements including La, Ce, Nd, Y, Th, Hf, Nb, Ti, and Sc are suitable for prove-
nance and tectonic discrimination [3] [4] because of their low mobilities during 
sedimentary processes and their low residence times in seawater [5]. These ele-
ments, which are transported with clastic sediments after weathering, commonly 
retain signatures of the parent materials [48] [49]. 

Triangular plots [4] were employed for the discrimination of tectonic settings 
associated with the rocks from the Nkapa Formation in the present study, as 
shown in Figure 6(a) and Figure 6(b)). The sandstones and shales plot mainly 
in the passive margin (PM) and continental island arc (CIA) fields, but some 
shale samples also fall in the ocean island arc (OIA) and active continental mar-
gin (ACM) fields. The remainder of the sandstones and shales fall out of the four 
demarcated tectonic zones in the diagrams and area could be adjacent areas such 
as oceanic and contininental rift zones. In Figure 6(a) and Figure 6(b), no 
sandstone sample from the Nkapa Formation plots in the ACM field.  

According to plots involving major oxides (e.g., TiO2 vs. Fe2O3 + MgO), the 
sandstones studied mostly fall in the PM field, while others are outside the fields 
assigned to other settings (Figure 7). Regarding the shales, majority of the sam-
ples plot in the CIA and ACM fields, while few fall in the PM field (Figure 7), in 
contrast to the trace element triangular plots (Figure 6). The major oxide plots 
show in the OIA field (Figure 7). 

According to the trace elements and major oxides plots, the sandstones in the 
Nkapa Formation are mainly associated with the PM and CIA settings, while the 
shales dominantly belong to PM, CIA and ACM settings (Figure 6(a) and Fig-
ure 6(b)). Using discrimination diagrams proposed in [10] [12] analyzed clay-
stones and siltstones collected from the Cretaceous/Tertiary Nanxiong Basin in 
China for tectonic association (Figure 6(d)). The rocks from the Nanxiong Ba-
sin plot predominantly in the PM field (Figure 6(c), Figure 6(d)), similar to 
rocks in the present study, with some deviations (Figures 6(a)-(c)). The pres-
ence of sandstones dominantly in the PM field is attributed to their high quartz 
contents and the associated resistance to weathering during transportation from 
source area [10]. 

In addition, the K2O/Na2O ratios of sandstones from the study area range 
from 1 to 8.5. According to [10], sandstones with K2O/Na2O > 1 are commonly 
quartz-rich, and their compositions are similar to those of arenites, which are 
dominantly deposits of PM and plate interior settings. These results supports the 
tectonic settings (PM and CIA) derived for sandstones in the Nkapa Formation 
and emphasizes the reliability of inorganic geochemistry proxies for studying 
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tectonic settings linked with sedimentary rocks. The association of the studied 
shales dominantly with PM and CIA settings indicate terrigenous input. Their 
K2O/Na2O ratios varying between 5 - 28 (>1) reflect high quartz (SiO2) contents.  

 

 

Figure 6. Trace and rare earth elements used to discriminate tectonic settings associated 
with the Kompina sandstones and shales after [4] based on four settings [4]. The settings 
include the following: active continental margin (ACM/C), passive margin (PM/D), con-
tinental island arc (CIA/B) and oceanic island arc (OIA/A). These plots involve the fol-
lowing (a) Th-Sc-Zr/10, (b) Th-Co-Zr/10 and (c) La-Th-Sc and (d) La-Th-Sc showing 
samples from the Nanxiong Basin after [12]. 

 

 

Figure 7. Fe2O3 (T) + MgO vs. TiO2 compositional plot showing the sand-
stone and shale samples from the Nkapa Formation in different tectonic 
settings proposed by [3]. 
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6. Palaeoenvironmental Analysis 
Redox Conditions 

Redox-sensitive trace element ratios including Ni/Co and V/(V + Ni) are usually 
considered as powerful geochemical indicators commonly employed for envi-
ronmental discrimination during the deposition of sediments. According to [50], 
Ni/Co ratios of <5, 5 - 7 and >7 imply oxic, dysoxic and suboxic to anoxic condi-
tions, respectively, during deposition. Relatedly, [51] proposed that for organic 
matter to accumulate in sediments under euxinic conditions, the V/(V + Ni) ra-
tio of the sediments must be >0.5. 

Figure 8 shows the Ni/Co versus V/(V + Ni) data for the samples from the 
Nkapa Formation in the Douala Basin. The V/(V + Ni) ratios from the bulk 
sediment vary between (0.53 - 0.95 and between 0.66 - 0.97 correspondingly for 
the carbonates and shales. The Ni/Co ratios of the carbonates samples are be-
tween 0 - 4.8, with few ranging between 5 - 8.5, whereas ratios for the shale sam-
ples are between 1 - 2.5, excluding one sample displaying a value of 10.3. 

The depositional environment obtained from this study predicts that the 
sediments are deposited more under an oxic condition. These oxic environments 
are prone to produce organic matter rich in Type II and III kerogen [21] [52] 
that can produce more of gas since they are mainly made up of plant materials 
from the land, good in producing gaseous petroleum when the organic matter 
becomes mature. However the few samples that ploted in the euxinic environ-
ment representing sediments deposited under reducing condition are likely to 
produce organic matter (planktons, algae) that will release more of oil than gas 
[53] [54] [55] [56]. 

The proportionality of V to Ni, mainly expressed as V/(V + Ni), has been util-
ised to highlight the Eh and pH conditions as well as the sulphide concentration 
in different environments during the deposition of sediments [52].  

The solubility of vanadium in natural waters, its extraction from sea water and 
adsorption onto sediments are influenced by redox conditions [57]. Dissolved 
vanadium is readily bound to high organometallic complexes [57] or adsorbed 
onto biogenic materials [58] [59]. During early diagenesis of sediments, vana-
dium is released from biogenic materials under oxic conditions, whereas this 
mobilisation is restricted under anoxic conditions [60] [61]. In addition, Ni, Cu 
and Cr are commonly trapped within organic matter in organic matter-rich sedi-
ments [9] [59] [61]. Nevertheless, vanadium accumulation is favoured relative to 
Ni in reducing.  

The high V/(V + Ni) ratios exhibited by the carbonates (0.53 - 0.93) and 
shales (0.53 - 0.97) from the study area (Figure 8) indicate their deposition in 
dysoxic and anoxic environments. The carbonate and shale samples with V/(V + 
Ni) ratios greater than 0.8 indicate the presence of significant H2S in the envi-
ronment during deposition [48]. Thus, the V/(V + Ni) ratios obtained from the 
shales and carbonates indicate variations in redox conditions during deposition 
of the sediments in the Nkapa Formation [9]. 
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Figure 8. Plot of redox-sensitive trace element ratios: V/(V + Ni) vs. 
Ni/Co for the Kompina carbonates and shales (after [48]); where O 
= oxic, D = dysoxic, A = anoxic, and E = euxinic environment. 

7. Conclusions 

Sediments from the Nkapa Formation in the north western part of the Douala 
Basin were evaluated using major, trace and rare earth element geochemistry in 
order to determine the tectonic setting, provenance, depositional environments 
and the economic importance of the Tertiary deposited sediments.  

From trace and the Rare element plot the sediments from the Kompina area 
using Eu/Eu*, La/Sc, La/Co, Th/Sc and Th/Co, plotted mainly within the PM 
and CIA tectonic settings. While plots using oxides of Fe2O3(T) + MgO vs. TiO2 
were associated with PM, OIA, and CIA provenances. Using F1, F2, Plots reveal 
that these sediments plotted within the quartzose sedimentary provenance. 

The Nkapa Formation sediments were derived from felsic and mafic rocks as 
shown by Table 4 and Figure 6. The felsic rocks could have originated from the 
adjacent migmatitic rocks of the neighbouring basement complex while the ma-
fic rocks might have resulted from mafic volcanic rocks of the Cameroon Vol-
canic Line in West-Central Africa. 

A plot of V/(V + Ni) vs. Ni/Co depicts that carbonates and shales from the 
Nkapa Formation were deposited under environmental conditions ranging from 
oxic through suboxic to anoxic. These environments can be suitable in produc-
ing type II and III Kerogene which are prone to produce more gaseous hydro-
carbons with minor oil. 

Limestones from the studied area at Kompina are rich in Calcium Carbonate 
above 98.5%. This makes them suitable for use in the chemical industry (e.g., 
pharmaceutical industries), poultry farming (feed production) and as soil amend-
ments in agriculture to improve plant growth due to their ability to reduce the 
acid content of soils.  
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