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Abstract

In the Central Cameroon Shear Zone, several studies were focused on granitoids and very few on mafic rocks. Here we
report the petrography, geochemistry and mineralogy of the Mfengou-Manki mafic rocks in order to constrain their
petrogenesis and tectonic settings and the role of lithospheric and asthenospheric mantle sources in their genesis. The
studied mafic rocks are subdivided into columnar jointed basalts and mafic dykes. Clinopyroxene thermobarometry
indicates that the mafic dykes crystallized at a temperature of 1071 to 1193 °C and a pressure of 4 to 12 kbar while the
columnar jointed basalts emplaced at a temperature of 1064 to 1152 °C and 2 to 13 kbar pressure. The mafic dykes and
columnar jointed basalts present high La/Sm, Sm/Yb, Nb/Yb and Th/Yb ratios, indicating garnet to spinel transition zone
mantle source. The multi-element diagram of the mafic dykes display enrichment in Nb, Ta, Pb and Ti and depletion in Th,
U, Ce and Zr compared to that of the columnar jointed basalts (slight depletion in Nb and Ta and pronounced depletion
in U, Pb and Zr and enrichment in Cs, Ba and Rb) indicating the little involvement of the sub-continental lithospheric
mantle to the formation of the columnar jointed basalts. The Nb/La ratio > 1 for the mafic dykes and < 1 for the columnar
jointed basalts also suggest the derivation of the mafic dykes from the asthenospheric mantle and the columnar jointed
basalts from the mixed lithospheric-asthenospheric mantle due to the sub-continental lithospheric mantle delamination
under the Central Cameroon Shear Zone.

Article Highlights

e The mafic rocks of the Mfengou-Manki area in the Central Cameroon Shear Zone are of two types, namely the mafic
dykes and the columnar jointed basalts.

e The mafic dykes are calc-alkaline to tholeiitic and derived from the asthenospheric mantle, while the columnar jointed
basalts are essentially calc-alkaline and from the mixed asthenospheric and lithospheric mantle. The mafic dykes
emplaced at a temperature of 1071 to 1193 °C and a pressure of 4 to 12 kbar while the columnar jointed basalts
emplaced at a temperature of 1064 to 1152 °C and 2 to 13 kbar pressure.

e The delamination of the sub-continental lithospheric mantle under the Central Cameroon Shear Zone in the Adamawa
Yade domain and the West Cameroon domain may have favored the ascend of the plume-derived melts that could
have imparted into sub-continental lithospheric mantle through the plume- lithosphere interaction.
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1 Introduction

The emplacement of mafic dykes in any plutonic or metamorphic basement is very important for the understanding of
geological events over time as they act as an important time marker in the geological record [1]. The geochemistry of
mafic dykes also provides important information for the proper understanding of the origin of magmas, their melting con-
ditions and tectonic events in subduction zones [2, 3]. The sources of magma for mafic or intermediate dykes emplaced
within the crust are multiple and include among others, the sub-continental lithospheric mantle, plume-lithosphere
interaction and the contamination of mantle magma by the crust [4-7]. Moreover, it is also demonstrated that fluids
and magma generated from subducted plates and subducted sediments can also participate in the generation of mafic
dykes’magma in a convergent zone [8]. Several geodynamic processes have been shown to explain the formation of
dykes. These include: (1) lithospheric distension or plate opening [9-12]; (2) subduction of oceanic plate [13, 14]; (3) arc
collision [15, 16]; and (4) continental collision [17].

Unlike the volcanic edifices of the Cameroon Volcanic Line (CVL), the Central Cameroon Shear Zone (CCSZ) consist-
ing mainly of granites, gneisses and mylonites hosts very few mafic rocks. Despite this rarity, some mafic dykes have
been discovered in the Magba [18] and Njimom [19] areas in the CCSZ and their origin and tectonic setting have been
discussed. However, in the Mfengou-Manki area, columnar jointed basalts were not observed. Apart from the work of
Kouamo Keutchafo et al. [19] who studied only the mafic dykes situated along the Foumban-Njimom highway, no author
has ever studied the columnar jointed basalts of the Mfengou area because it was situated far from the main highway
and hidden by a relative soil cover and vegetation. The outcrop was discovered in 2016 and was used as quarry for the
Foumban-Manki road construction. Moreover, the petrology, and the extension of the mafic dykes from the Mfengou-
Manki were not yet well known. This work aims firstly to study the petrogenesis and tectonic setting of the mafic dykes
and the columnar jointed basalts, and secondly to study their probable rock source using the ICP AES, ICPMS and electron
microprobe analytical methods.

2 Geological context

The geology of Cameroon is dominated by two main geological groups, namely the Central African Fold Belt in Cameroon
(CAFB) and the Congo Craton (CC). The CAFB in Cameroon hosts the current study area and is subdivided into three
domains namely, the Northwest Cameroon Domain (NWCD), the Yaounde Domain (YD), and the Adamawa Yade Domain
(AYD) (Fig. 1). Located in the south of Cameroon, the Yaounde Domain is bounded in the south by the Congo Craton and in
its northern sector by the Sanaga Fault (SF). The geological formations found in this area are pre- to syn-tectonic intrusive
granitoids and mafic dykes with alkaline and transitional affinities and metasediments [20]. Its southern side is marked
by the predominance of mafic dykes and/or serpentinized ultramafic rocks, gabbros and diorites [21]. The Adamawa
Yade domain lies between the Sanaga Fault in the south and the Tchollire-Banyo Fault (TBF) in the north (Fig. 1). It is the
domain that hosts the study area and consists of large Pan-African intrusions and metamorphosed Palaeoproterozoic
relics emplaced during the Pan-African tectonic evolution. The Northwest Cameroon Domain (NWCD) also known as the
Poli Group [22, 23] is located in the North Cameroon. It is limited in the south by the Tchollire-Banyo Fault and consists of
Meso to Neo-Proterozoic volcano-sedimentary basins variably metamorphosed into gneisses and schists [24]. In places,
it is covered by pre to syn- or late-tectonic intrusive calc-alkaline formations (granites, granodiorites and diorites) and
metamorphosed volcanic and detrital deposits [23-25].

Located in the southern part of the Adamawa Yade domain (Central domain) (Fig. 1), precisely within the Central
Cameroon Shear Zone (CCSZ), the Foumban-Magba area (hosting the study zone) is made up of granitoids subdivided
into granites, gneisses, mylonites and migmatites and few mafic to intermediate rocks [18, 26-29]. The Central Cameroon
Shear Zone is a Pan-African mega structure made up of lineaments oriented N70E and extending from Sudan into north-
eastern Brazil [29]. This fault network allowed the upwelling of the mafic rocks magma following the C, shear axes and
their emplacement within the granite and gneiss substratum [18]. The mafic rocks are high-K calc-alkaline to shoshonitic
and are situated in the Magba area within the Foumban-Magba Zone. They are also found in the Kekem and Nyos area at
the south of the CCSZ. In Magba and Kekem, they were emplaced in a subduction environment and were formed from
the sub-continental lithospheric mantle with the participation of a crustal component [18]. The Mfengou-Manki area
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Fig. 1 Geological map of
Cameroon modified after
Toteu et al. [83] and Ntieche
et al. [27]. The Central African
Shear Zone is defined by a
system of NE-trending faults
comprising Tchollire-Banyo
Fault (TBF), Adamawa Fault
(AF), Sanaga Fault (SF), and
Kribi-Campo Fault (KCF). The
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consists of granites, migmatites, gneisses and mylonites which locally host mafic to intermediate rocks not yet studied
in detail (Fig. 2).

3 Analytical methods

Representative fresh rock samples were collected during fieldwork for petrography, geochemistry and mineral chemis-
try studies. From the fresh samples collected in the field, thirty (30) thin sections were made. Twenty-four (24) samples
(17 columnar jointed basalts, 07 mafic dykes), were selected for the whole rock geochemistry at the commercial BVM,
ACME Lab, Vancouver (Canada) using inductively coupled plasma-atomic emission (ICP-AES) for major elements and
inductively coupled plasma-mass spectrometry (ICP-MS) for trace elements and REE. A mixture of 0.2 g of each sample
and 0.9 g of lithium metaborate/lithium tetraborate flux was prepared and melted in an oven at 1000 °C. The resulting
melt was cooled and dissolved in 100 ml of 4% nitric acid and 2% hydrochloric acid. After dissolution, the solution was
then analyzed by ICP-MS and the results were corrected for inter-element spectral interferences. For the Loss On Ignition
(LOI) process, 1.0 g of each sample powder is placed in an oven at 1000 °C for 1 h, then cooled and weighed. The LOI (in
percentage) is then calculated from the difference in weight. Different standards were used for data quality assurance.

For mineral chemistry, four samples (02 mafic columnar joints and 02 mafic dykes) were selected. The observed mineral
assemblages were imaged, and mineral compositions were measured using a CAMECA SX 100 (15 kV, 10 nA) electron
microprobe at the Pierre et Marie Curie University, Paris VI, France. Standards used were diopside for Mg, Ca and Si, Fe,0;
for Fe, MnTiO; for Ti and Mn, Cr,O; for Cr, albite for Na, and orthoclase for K and Al. Counting times were 10 s for both
peaks and background, with a 5 um defocused beam.
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4 Results
4.1 Field relationship

Columnar jointed basalts are located in the NW of the study area, at about 4 km from the main road joining Foumban
to Magba (Fig. 2). They occur at the hilltop within the granite substratum and are oriented E-W to NE-SW. The outcrop
appears as a crater (about 800 m long over 500 m wide). The columns are vertical, inclined, or horizontal and display
mostly sections showing pentagonal and hexagonal shape with a side measuring about 20 to 50 cm (Fig. 3a, b). Some
columns faces display erosion crust with orange to yellowish color due to alteration. The rock is melanocratic and display
aphyric to microlitic texture.

Mafic dykes are exposed only on the shear band belonging to the Foumban-Bankim Shear Zone. The shear band
measures about 10 km in width and 18 km long. The dykes are melanocratic displaying fine to medium-grained texture
and crosscut the granites, mylonites and gneisses. They are exposed in the Chinsap, Chinpouet, Mayouom, Mayap and
Vuh-Ngouo areas. At the Vuh-Ngouo hill and Mayap area, the mafic dykes crosscut the gneisses and mylonite, while at
the Chinsap, Mayouom and Chinpouot, they crosscut the mylonite and granite.

All the dykes strike NW-SE to NNW-SSE. The dykes’ outcrops present variable sizes varying from 20 cm to 3 m width
and from 10 to 20 m length (Fig. 3¢, d). They present mostly a sharp contact with their host rock.

4.2 Petrography
4.2.1 Columnar jointed basalts

Columnar jointed basalts have microlitic textures and consist mainly of plagioclase (20-40 vol.%), pyroxene (20-30 vol.%),
chlorite (5-15 vol.%), olivine (5-10 vol.%), opaques (1-15 vol.%), K-feldspar (2-7 vol.%) and calcite (1-3 vol.%) (Fig. 4a).
Plagioclases occur as elongated microslats together with K-fedspar in the groundmass surrounding olivine and pyroxene
phenocrysts. In some sections prepared from the inclined columnar, the plagioclase crystals are well aligned, indicating
the magma flow direction (Fig. 4a). Pyroxenes form isolated globular or elongated phenocrysts and microcrysts in the
groundmass. Some crystals are altered into iddingsite or chlorite. In places, numerous pyroxene microcryts form a rim
around quartz xenocrysts testifying to the fact that the quartz crystals were taken from the host granite-gneissic sub-
stratum by the mafic magma during its ascent to the surface (Fig. 4b). Olivines are less abundant in the rock and present
globular shape.They are in place altered into serpentine (Fig. 4a). Calcite occurs as subhedral phenocrysts and displays
its characteristic twining although attacked at its edges by some alteration reaction (Fig. 4b).
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Fig. 3 Field photographs of
the studied mafic rocks. a
Inclined columnar jointed
basalts at Mfengou, b
Horizontal columnar jointed
basalts, ¢ Mafic dyke crosscut-
ting ultramylonite host rock at
Nchinsap village, d Mafic dyke
occurring in the Vuh-Ngouo
cliff. Note the thickness of the
dyke and its sharp contact
with the host mylonite

4.2.2 Mafic dykes

Mafic dykes are fine to medium-grained (Fig. 4c, d). They consist of plagioclase (20-40 vol.%), pyroxene (15-35 vol.%),
olivine (5-10 vol.%), opaque (5-8 vol.%), K-feldspar (2-8 vol.%) and chlorite (1-5 vol.%) (Fig. 4c, d). K-feldspars are mainly
sanidine and are in place crosscutting plagioclases laths. In places, they show their characteristic clear appearance and
simple twining. Plagioclases occur as elongated laths radially oriented while pyroxene appears only as microcrystals
in the groundmass. Olivines are in the form of subhedral and anhedral crystals locally associated with pyroxenes and
plagioclases. Some crystals show serpentinization reaction (Fig. 4d).

Fig.4 Photomicrographs of mafic rocks’ thin sections. a Columnar jointed basalts displaying a microlitic texture. Note the orientation of
the plagioclase laths indicating the magma flow direction, b Columnar jointed basalts presenting quartz xenocryst surrounded by pyrox-
ene microcrystals forming a reaction rim testifying that the quartz crystal was ripped from the ganito-gneissic substratum by the mafic
magma during its ascent to the surface, ¢ Medium-grained texture in mafic dykes, d Plagioclase laths surrounding relics of olivine crystals
that underwent the serpentinization process
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4.3 Mineral chemistry
4.3.1 Feldspars

Feldspar analyses are shown in Table 1. In mafic dykes, K-feldspars are orthoclase, sodic sanidine and potassic albite with
orthoclase content ranging from Or,, to Org; (Fig. 5a). Plagioclases display a wide composition range, varying from potas-
sic oligoclase to potassic labradorite (An,,_sc) (Fig. 5a). The columnar jointed basalts show a wide K-feldspar composition
ranging from sanidine to calcio-potassic albite (Ory4 to Org,) and the plagioclase ranging from labradorite to oligoclase
(An,; to Ansg). The feldspar present very high FeO content (18.24- 30.07 wt%) and low Al,O; (0.13-0.58 wt%) and MgO
(0.03-0.31 wt%) testifying to the substitution of AI** and Mg?* by the Fe3* [30].The mafic dyke’s feldspars globally present
similar chemical characteristic as the Njimom dykes [19] (within this study area), but the chemistry of the feldspar of the
mafic columnar is different from that of the mafic dykes and the Njimom dykes (Fig. 5a).

4.3.2 Pyroxene

Representative microprobe analyses of the pyroxenes and their calculated structural formulae based on six oxygen end-
members are presented in Table 2. Pyroxenes are essentially clinopyroxenes and show a restricted compositional range,
with Al,O; (2.33-4.86), FeO, (10.01-17.98), MgO (8.02-13.08), CaO (19.81-21.98) and TiO, (0.08-2.45) concentrations in
mafic dykes and Al,O; (3.98-6.52), FeOt (10.22-12.18), MgO (11.45-12.97), CaO (19.89-21.86) and TiO, (0.97-3.65) content
in columnar jointed basalts (Table 2). The studied pyroxenes’ mineral composition falls within Wo 5 5o, En,s_ 39 and Fs;s 5,
for the mafic dykes and Wo,3_4q, ENz6 4, and Fsgg ;5 for the columnar jointed basalts. On the Wo-En-Fs ternary diagram after
Morimoto et al. [31], most of the samples fall within the augite field and few in the diopside field (Fig. 5b). The chemistry
of pyroxenes of the mafic dykes and mafic columnar joints are similar to those of the Njimom dykes [19] (Fig. 5b).

4.4 Thermobarometry and oxygen fugacity of the magma

Temperature and pressure of the crystallization of numerous minerals are generally used to understand the emplace-
ment conditions of igneous or metamorphic rocks. Several thermo-barometers were used to estimate the pressure and
temperature of the crystallization of the mafic dykes and columnar jointed basalts from the Mfengou-Manki area, but
three of them have been retained for this work because they don't compulsorily need the simultaneous presence of two
pyroxenes (orthopyroxene and clinopyroxene) and can also be used for both Mg-Ca-Fe and Fe—-Mg pyroxenes. The first
one is the method used by Soesoo [32] for the formation temperature of pyroxenes. In that method, XPT and YPT indices
(Fig. 6a) are used, and are based on the following equations:

a) XPT=0.446 SiO,+0.187 TiO,-0.404 Al,O; + 0.346 Fe0-0.052 MnO + 0.309 MgO + 0.446 Ca0-0.446 Na,O.
b) YPT=-0.369 SiO,+0.535TiO, - 0.317 Al,0;+0/232 FeO +0/235 Mn0O-0.516 MgO-0/167 Ca0-0/153 Na,O, where
XPT and YPT are respectively the scores of the first and second eigen- vectors [32].

This method allows distinction of clinopyroxenes crystallizing from basaltic magmas over a large range of temperature
(1100-1300 °C) and pressure (0-20 kbar) [32].

According to that method, the crystallization temperature of clinopyroxenes from the studied rocks ranges from
1100 to 1150 °C for the mafic dykes and from 1150 to 1200 °C for the columnar jointed basalts under the respec-
tive pressure of crystallization varying from 2 to 6 Kbar for the mafic dykes and from 6 to 15 kbar for the columnar
jointed basalts (Fig. 6a, b).

Using the thermobarometric calculation after Nimis and Taylor [33] on clinopyroxenes at 3 kbar, the temperature
of crystallization of clinopyroxenes ranges from 1091 to 1233 °C for the mafic dykes and from 1120 to 1229 °C for
the columnar jointed basalts. When plotted on the clinopyroxene barometry diagram after Helz [34], all samples
plot within the low to medium-pressure igneous rock fields (Fig. 6¢). Putirka [35] established the thermometers and
barometers specific for volcanic systems. This thermobarometer is most suitable for this work because the rocks are
volcanic (columnar jointed basalts) and hypabyssal (mafic dykes) in origin. The temperature and pressure calcula-
tions using those thermometers and barometers give a wide range of temperature of clinopyroxene crystallization
varying from 1064 to 1152 °C for the columnar jointed basalts and from 1071 to 1193 °C for the mafic dykes under
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Table 1 Representative chemical composition (wt%) and structural formulae of feldspar from the Mfengou-Manki mafic rocks

Rock type Mafic dykes

Major oxides (%)

Sio, 63.14 57.66 57.01 59.39 61.76 65.14 60.45 57.01 59.39 55.98 54.51
TiO, 0.07 0.06 0.01 0.07 0 0 0.01 0.01 0.07 0.11 0.05
AlLO; 0.39 0.49 0.22 0.45 0.55 0.51 0.58 0.22 0.45 0.16 0.3
FeO 18.24 26.5 24.29 24.5 23.84 19.02 23.71 24.29 24.5 26.15 27.13
MnO 0.02 0 0.04 0 0 0.07 0 0.04 0 0 0.02
MgO 0.03 0.04 0.03 0.12 0.12 0.31 0.2 0.03 0.12 0.07 0.05
Ca0o 0.44 1.3 7.39 1.53 1.23 0.49 3.01 7.39 1.53 9.13 10.31
Na,O 241 7.55 8.08 8.07 9.09 12.9 9.3 8.08 8.07 7.62 7
K,0 15.71 5.7 1.93 4.51 3.56 1.78 3.18 1.93 4.51 1.17 0.94
Total 100.45 99.35 99.02 98.68 100.15 100.3 100.47 99.02 98.68 100.42 100.35
Calculated mineral formulae* (apfu)

Si 2.514 2.322 2.303 2.407 2.467 2.598 2.407 2.303 2.407 2.230 2.173
Ti 0.021 0.027 0.012 0.024 0.029 0.027 0.031 0.012 0.024 0.009 0.016
Al 0.003 0.002 0.001 0.003 0.000 0.000 0.000 0.001 0.003 0.005 0.002
Fe 1.453 2.134 1.962 1.986 1.904 1517 1.888 1.962 1.986 2.083 2.163
Mn 0.001 0.000 0.004 0.000 0.000 0.006 0.000 0.004 0.000 0.000 0.002
Mg 0.002 0.003 0.002 0.010 0.010 0.025 0.016 0.002 0.010 0.006 0.004
Ca 0.035 0.105 0.597 0.124 0.098 0.040 0.239 0.597 0.124 0.728 0.822
Na 0.384 1.216 1.305 1.309 1.453 2.065 1.482 1.305 1.309 1.215 1.117
K 2.502 0.918 0.311 0.732 0.569 0.284 0.508 0.311 0.732 0.187 0.151
Calculated end-member fractions (mol %)

Or 85.663 41.015 14.061 33.799 26.830 11.897 22.783 14.061 33.799 8.784 7.203
Ab 13.142 54.292 58.958 60.458 68.528 86.437 66.485 58.958 60.458 57.054 53.445
An 1.195 4.692 26.981 5.743 4.642 1.666 10.733 26.981 5.743 34.162 39.352
Rock type Mafic dykes

Major oxides (%)

Sio, 53.03 57.64 53.21 5143 53.16 51.55 51.56 51.44 58.67 58.53
TiO, 0.09 0.03 0.08 0.02 0.04 0.02 0.05 0.03 0.01 0.05
Al,O4 0.26 0.23 0.34 0.14 0.32 0.14 0.22 0.13 0.22 0.18
FeO 27.39 24 27.11 29.87 30.07 30.07 30.32 29.94 24.04 238
MnO 0.05 0.05 0 0.01 0.01 0 0 0.01 0 0.03
MgO 0.1 0.03 0.13 0.1 0.09 0.01 0.072 0.04 0.01 0
Cao 11.21 6.06 10.92 12.7 8.35 13.49 12.167 13.34 6.62 6.51
Na,O 6.26 7.92 6.47 5.16 5.57 5.16 5.259 5.39 8.33 8.17
K,0 0.77 246 0.77 0.87 33 0.4 1.368 0.43 2.76 2.75
Total 99.16 98.44 99 100.36 100.93 100.9 101.04 100.78 100.68 100.05
Calculated mineral formulae* (apfu)

Si 2.139 2.342 2.150 2.050 2.107 2.044 2.041 2.042 2.331 2.340
Ti 0.014 0.013 0.018 0.008 0.017 0.008 0.012 0.007 0.012 0.010
Al 0.003 0.001 0.003 0.001 0.002 0.001 0.002 0.001 0.001 0.002
Fe 2.210 1.950 2.190 2.381 2.383 2.384 2401 2377 1.911 1.903
Mn 0.004 0.004 0.000 0.001 0.001 0.000 0.000 0.001 0.000 0.003
Mg 0.008 0.003 0.010 0.008 0.007 0.001 0.006 0.003 0.001 0.000
Ca 0.905 0.493 0.882 1.013 0.662 1.070 0.963 1.059 0.526 0.521
Na 1.009 1.287 1.046 0.823 0.883 0.819 0.833 0.856 1.325 1.307
K 0.125 0.400 0.122 0.139 0.523 0.065 0.217 0.070 0.439 0.441
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Table 1 (continued)

Rock type Mafic dykes

Major oxides (%)

Calculated end-member fractions (mol %)

Or 6.109 18.356 5.963 7.060 25.289 3.320 10.763 3511 19.173 19.436
Ab 49.512 59.047 51.008 41.667 42.685 41.907 41.375 43.135 57.853 57.616
An 44379 22.597 43.029 51.273 32.025 54.773 47.862 53.353 22973 22.949
Rock type Columnar jointed basalts

Major oxides (%)

Sio, 53.25 52.98 53.61 5249 53.39 52.89 53.57 54.12 53.36 52.98 56.02
TiO, 0 0 0 0 0 0 0 0 0 0 0
Al,O4 30.02 29.93 30.1 30.25 29.69 30.01 29.95 29.33 29.07 29.19 28.01
FeO 0.65 0.64 0.55 0.45 0.69 0.58 0.41 0.34 0.81 0.9 0.57
MnO 0 0 0 0 0 0 0 0 0 0 0
MgO 0 0 0 0 0 0 0 0 0 0 0
Ca0o 12.02 11.89 11.83 12.32 12.16 12.14 11.67 11.45 11.62 11.96 9.87
Na20 4.69 4.18 413 4.08 4.36 4.36 4.34 4.28 4.48 4.21 5.1
K20 0.35 0.41 0.38 0.42 0.5 0.48 0.6 0.54 0.59 0.63 0.62
BaO 0.05 0.05 0.12 0.08 0.01 0.46 0.21 0.22 0.09 0.17 0.03
Total 101.03 100.06 100.72 100.09 100.82 100.46 100.54 100.06 99.94 99.90 100.23
Calculated mineral formulae* (apfu)

Si 2.108 2.118 2.129 2.098 2.118 2.106 2.131 2.164 2.136 2.121 2.236
Al 1.585 1.595 1.594 1.612 1.571 1.593 1.589 1.563 1.551 1.558 1.490
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.051 0.051 0.044 0.036 0.055 0.046 0.033 0.027 0.065 0.072 0.045
Mg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.952 0.951 0.940 0.985 0.965 0.967 0.929 0.915 0.930 0.958 0.788
Na 0.743 0.668 0.656 0.652 0.692 0.694 0.691 0.684 0.717 0.674 0.816
K 0.055 0.066 0.060 0.067 0.079 0.076 0.095 0.086 0.094 0.101 0.099
Ba 0.004 0.004 0.010 0.006 0.001 0.037 0.017 0.018 0.007 0.014 0.002
Calculated end-member fractions (mol %)

Or 3.167 3.892 3.645 3.940 4.570 4.400 5.568 5.121 5.423 5.823 5.813
Ab 42.443 39.677 39.616 38.274 39.854 39.963 40.278 40.588 41.176 38.909 47914
An 54.389 56.431 56.739 57.786 55.576 55.637 54.153 54.291 53.401 55.268 46.273
Rock type Columnar jointed basalts

Major oxides (%)

Sio, 54.58 53.99 52.451 52.83 56.99 51.91 60.36 60.1 51.63 61.13 53.11
TiO, 0 0 0 0 0 0 0 0 0 0 0
Al,O, 27.89 29.21 31.06 29.94 21.06 30.48 20.51 24.95 26.96 22.01 30.02
FeO 0.69 0.61 0.36 0.39 0.63 0.69 0.61 0.53 0.44 0.42 0.72
MnO 0 0 0 0 0 0 0 0 0 0 0
MgO 0 0 0 0 0 0 0 0 0 0 0
Cao 10.97 12.03 12.01 12.23 10.79 11.29 10.03 6.78 9.25 0.63 11.71
Na20 4.87 4.22 4.07 3.95 8.26 4.54 4.71 5.96 5.01 4.38 4.01
K20 0.69 0.44 0.6 0.55 2.92 0.68 1.45 2.26 0.68 8.3 0.52
BaO 0.40 0.01 0.18 0.18 0.07 0.62 2.64 0.27 8 3.64 0.04
Total 99.70 100.51 100.55 99.92 100.72 99.62 97.68 100.58 101.97 96.87 100.13
Calculated mineral formulae* (apfu)

Si 2.190 2.149 2.087 2.115 2.263 2.084 2472 2.390 2.025 2.524 2.122
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Table 1 (continued)

Rock type Columnar jointed basalts

Major oxides (%)

Al 1.492 1.550 1.647 1.598 1.115 1.632 1.120 1.323 1.410 1.212 1.599
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.055 0.049 0.029 0.031 0.050 0.055 0.050 0.042 0.035 0.035 0.058
Mg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.880 0.958 0.956 0.979 0.857 0.907 0.821 0.539 0.726 0.052 0.936
Na 0.782 0.672 0.648 0.632 1.312 0.729 0.772 0.948 0.786 0.723 0.641
K 0.111 0.070 0.095 0.088 0.464 0.109 0.238 0.360 0.107 1.371 0.083
Ba 0.032 0.001 0.014 0.014 0.006 0.050 0.216 0.021 0.628 0.301 0.003
Calculated end-member fractions (mol %)

Or 6.247 4.122 5.621 5.181 17.617 6.259 12.975 19.466 6.592 63.871 5.007
Ab 44,092 39.532 38.126  37.211 49.834  41.786 42.148 51.335 48.570  33.705 38.613
An 49.660 56.347 56.253  57.607 32549 51.956 44877 29.199 44838 2424 56.379

* Calculated based on 8 oxygen atoms per formula unit

the respective pressure of 2 to 13 kbar for the columnar jointed basalts and 4 to 12 kbar for the mafic dykes. This
wide range of pressure corresponds to a wide range of clinopyroxene crystallization depth as mostly founded in
mafic intrusions of the Cameroun Volcanic Line [36].

Moreover, the feldspar triangular thermometry diagram [37] gives the temperature ranging from 700 to 1000 °C
for the mafic dykes and from 800 to 1100 °C for the columnar jointed basalts with one sample exceeding 1100 °C
(Fig. 6d).

Evaluating the oxygen fugacity of the magma of the studied mafic rocks is important because oxygen fugacity
plays an essential role in changing the liquidus temperature, melt and crystals composition, and the magmatic
processes in general [38]. Plotted on the AIY'+ 2Ti + Cr versus AlY' + Na diagram [39], the studied samples fall in the
high oxygen fugacity area (Fig. 7).

4.5 Geochemistry
4.5.1 Columnar jointed basalts

The columnar jointed basalts are basic to intermediate and present low to moderate content of SiO, (46.89-52.71
wt.%) (Table 3). They plot in the basalt, trachy-basalt and basaltic trachy-andesite field of the TAS (total alkali-silica)
classification diagram after Lebas et al. [40] (Fig. 8a). They display moderate to high Al,0; (12.25-15.85wt.%), TiO,
(1.69-2.29 wt.%) and low MgO (4.15-7.9 wt%) contents. The columnar jointed basalts present low to moderate Mg#
value (40.16-53.05) and the A/CNK molar ratio ranging from 0.75 to 1.41.The LOI (1-6 wt.%) of the studied columnar
jointed basalts are low to high, testifying to the variable degree of weathering of the rock. All the columnar jointed
basalts samples plot within the Calc-alkaline domain on the AFM diagram of Irvine and Baragar [41] (Fig. 8b). On the
plot of SiO, (wt%) versus other major and trace elements, Al,O5 and K,O show a positive correlation with SiO, while

Fig.5 a Feldspar composition @ An
for the Mfengou-Manki mafic S ; (r:llalﬁc dykgs_ ted basalt
rocks plotted on the An-Ab- Bytownite oumnar Jointed basalts

@ Kekem basalt dykes

Or diagram [88], b Pyroxene Njimom basalt dykes

composition of the studied
rocks on a Wo-En-Fs diagram
[31]
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Ab - or Mg 50 Te
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Table 2 Representative chemical composition (wt%) and structural formulae of clinopyroxenes from the Mfengou-Manki mafic rocks

Rock type Mafic dykes

Sio, 51.02 49.64 50.45 50.41 50.08 49.07 49.01 48.42 49.57
TiO, 1.15 0.18 0.08 1.31 0.97 1.24 1.92 245 0.78
Al,O; 2.98 233 3.02 4.17 271 4.27 4.07 4.86 3.97
Cr,0; 0.14 0.21 0.25 0.13 0.09 0.14 0.24 0.15 0.32
FeOy; 10.03 17.98 17.12 10.01 12.25 12.45 11.78 10.07 11.31
MnO 0.31 0.98 0.87 0.42 1.12 1.01 0.34 0.12 0.19
MgO 12.32 8.92 8.02 12.07 11.85 10.41 12.14 12.34 13.08
Cao 21.86 21.16 21.98 21.05 21.25 20.97 20.18 20.51 19.81
Na,O 0.52 0.83 0.78 0.51 0.41 0.49 0.49 0.34 0.31
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.33 102.23 102.32 100.08 100.73 100.05 100.17 99.11 99.02
Si 1.908 1.871 1.898 1.889 1.881 1.863 1.845 1.833 1.870
Allv 0.092 0.103 0.102 0.111 0.119 0.137 0.155 0.167 0.130
AM 0.039 0.000 0.032 0.074 0.001 0.054 0.026 0.050 0.046
Ti 0.032 0.005 0.002 0.037 0.027 0.035 0.054 0.070 0.022
Cr 0.004 0.006 0.007 0.004 0.003 0.004 0.007 0.004 0.010
Fe3* 0.021 0.199 0.116 0.000 0.090 0.044 0.049 0.000 0.052
Fe?* 0.292 0.368 0.423 0314 0.294 0.352 0.322 0.319 0.304
Mn 0.010 0.031 0.028 0.013 0.036 0.032 0.011 0.004 0.006
Mg 0.687 0.501 0.450 0.674 0.664 0.589 0.681 0.696 0.736
Ca 0.876 0.854 0.886 0.845 0.855 0.853 0.814 0.832 0.801
Na 0.038 0.061 0.057 0.037 0.030 0.036 0.036 0.025 0.023
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Wo 46.44 43.74 46.58 45.77 44.10 45.62 43.37 4494 42.16
En 36.41 25.65 23.65 36.52 34.22 31.51 36.30 37.62 38.73
Fs 17.15 30.61 29.77 17.71 21.68 22.88 20.34 17.43 19.11
T(Q@ 1175 1110 1091 1196 1180 1163 171 1171 1233
Rock type Columnar jointed basalts

Sio, 47.64 47.48 47.58 47.86 46.78 46.12 45.31 47.01 47.64 47.48
TiO, 245 3.27 1.62 1.62 2.34 246 3.65 242 245 3.27
AL, O, 411 5.78 4.53 5.21 5.87 5.94 6.52 5.16 4.11 5.78
Cr,04 0.12 0.15 0.12 0.08 0.12 0.21 0.54 0.51 0.12 0.15
FeO,q 11.32 10.45 12.08 12.18 10.44 10.97 10.23 10.22 11.32 10.45
MnO 0.35 0.12 0.47 0.64 0.35 0.45 0.27 0.43 0.35 0.12
MgO 12.47 11.97 11.45 11.75 12.89 12.87 12.31 1245 12.47 11.97
Cao 20.65 21.43 21.03 21.01 20.38 20.19 20.13 20.35 20.65 21.43
Na,O 0.62 0.61 0.84 0.52 0.51 0.59 0.62 0.53 0.62 0.61
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 99.73 101.26 99.72 100.35 99.68 99.80 99.58 99.08 99.73 101.26
Si 1.796 1.763 1.796 1.788 1.755 1.730 1.709 1.780 1.796 1.763
Allv 0.183 0.237 0.202 0.212 0.245 0.263 0.290 0.220 0.183 0.237
Al 0.000 0.016 0.000 0.018 0.015 0.000 0.000 0.011 0.000 0.016
Ti 0.069 0.091 0.046 0.046 0.066 0.069 0.104 0.069 0.069 0.091
Cr 0.004 0.004 0.004 0.002 0.004 0.006 0.016 0.015 0.004 0.004
Fe3* 0.128 0.077 0.172 0.138 0.132 0.176 0.115 0.095 0.128 0.077
Fe?* 0.229 0.248 0.209 0.243 0.196 0.168 0.207 0.229 0.229 0.248
Mn 0.011 0.004 0.015 0.020 0.011 0.014 0.009 0.014 0.011 0.004
Mg 0.701 0.663 0.644 0.655 0.721 0.720 0.692 0.703 0.701 0.663
Ca 0.834 0.853 0.851 0.841 0.819 0.811 0.813 0.826 0.834 0.853
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Table 2 (continued)

Rock type Columnar jointed basalts

Na 0.045 0.044 0.061 0.038 0.037 0.043 0.045 0.039 0.045 0.044
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Wo 43.83 46.25 4497 44.35 43.60 42.94 44.28 44.25 43.83 46.25
En 36.83 35.94 34.07 34.51 38.37 38.09 37.68 37.67 36.83 35.94
Fs 19.34 17.81 20.96 21.14 18.03 18.97 18.04 18.08 19.34 17.81
T(eQ® 1142 1120 1138 1169 1178 1169 1133 1169 1142 1120
Rock type Columnar jointed basalts

Sio, 47.64 47.48 47.64 47.48 47.58 47.64 47.48 47.58 47.86 46.78
TiO, 2.45 3.27 245 3.27 1.62 2.45 3.27 1.62 1.62 2.34
Al,O, 4.11 5.78 411 5.78 4.53 4.11 5.78 4.53 5.21 5.87
Cr,04 0.12 0.15 0.12 0.15 0.12 0.12 0.15 0.12 0.08 0.12
FeO,qt 11.32 10.45 11.32 10.45 12.08 11.32 10.45 12.08 12.18 10.44
MnO 0.35 0.12 0.35 0.12 0.47 0.35 0.12 0.47 0.64 0.35
MgO 12.47 11.97 12.47 11.97 11.45 12.47 11.97 11.45 11.75 12.89
Cao 20.65 21.43 20.65 2143 21.03 20.65 21.43 21.03 21.01 20.38
Na,O 0.62 0.61 0.62 0.61 0.84 0.62 0.61 0.84 0.52 0.51
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 99.73 101.26 99.73 101.26 99.72 99.73 101.26 99.72 100.35 99.68
Si 1.796 1.763 1.796 1.763 1.796 1.796 1.763 1.796 1.788 1.755
Allv 0.183 0.237 0.183 0.237 0.202 0.183 0.237 0.202 0.212 0.245
ALY 0.000 0.016 0.000 0.016 0.000 0.000 0.016 0.000 0.018 0.015
Ti 0.069 0.091 0.069 0.091 0.046 0.069 0.091 0.046 0.046 0.066
Cr 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.002 0.004
Fe3* 0.128 0.077 0.128 0.077 0.172 0.128 0.077 0.172 0.138 0.132
Fe?* 0.229 0.248 0.229 0.248 0.209 0.229 0.248 0.209 0.243 0.196
Mn 0.011 0.004 0.011 0.004 0.015 0.011 0.004 0.015 0.020 0.011
Mg 0.701 0.663 0.701 0.663 0.644 0.701 0.663 0.644 0.655 0.721
Ca 0.834 0.853 0.834 0.853 0.851 0.834 0.853 0.851 0.841 0.819
Na 0.045 0.044 0.045 0.044 0.061 0.045 0.044 0.061 0.038 0.037
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Wo 43.831 46.249 43.831 46.249 44972 43.831 46.249 44972 44351 43.602
En 36.828 35.944 36.828 35.944 34.069 36.828 35.944 34.069 34.512 38.372
Fs 19.342 17.808 19.342 17.808 20.958 19.342 17.808 20.958 21.137 18.026
TeQ®@ 1142 1120 1142 1120 1138 1142 1120 1138 1169 1178
Rock type Columnar jointed basalts

Sio, 46.12 4531 47.01 47.29 48.11 47.85 49.78 49.22 48.23 49.13
TiO, 246 3.65 242 235 1.93 1.71 0.97 2.07 2.25 1.45
AL, O, 5.94 6.52 5.16 5.79 5.06 5.53 4.66 4.24 5.35 341
Cr,04 0.21 0.54 0.51 0.21 0.25 0.07 0.14 0.14 0.15 0.17
FeO,qt 10.97 10.23 10.22 11.07 11.11 11.08 10.87 11.53 10.57 10.31
MnO 0.45 0.27 0.43 0.18 0.49 0.43 0.31 0.29 0.52 0.62
MgO 12.87 12.31 12.45 11.88 12.24 11.87 12.97 12.57 11.67 1245
Cao 20.19 20.13 20.35 19.89 19.92 20.17 19.78 20.82 21.86 21.23
Na,O 0.59 0.62 0.53 0.57 0.54 0.51 0.48 0.34 0.51 0.51
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 99.80 99.58 99.08 99.23 99.65 99.22 99.96 101.08 101.11 99.28
Si 1.730 1.709 1.780 1.792 1.814 1.812 1.862 1.832 1.796 1.857
AV 0.263 0.290 0.220 0.208 0.186 0.188 0.138 0.168 0.204 0.143
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Table 2 (continued)

Rock type Columnar jointed basalts

Al 0.000 0.000 0.011 0.050 0.039 0.059 0.068 0.018 0.030 0.009
Ti 0.069 0.104 0.069 0.067 0.055 0.049 0.027 0.058 0.063 0.041
Cr 0.006 0.016 0.015 0.006 0.007 0.002 0.004 0.004 0.004 0.005
Fe3* 0.176 0.115 0.095 0.060 0.069 0.067 0.046 0.055 0.080 0.084
Fe?* 0.168 0.207 0.229 0.291 0.281 0.283 0.294 0.304 0.249 0.242
Mn 0.014 0.009 0.014 0.006 0.016 0.014 0.010 0.009 0.016 0.020
Mg 0.720 0.692 0.703 0.671 0.688 0.670 0.723 0.697 0.648 0.702
Ca 0.811 0.813 0.826 0.807 0.805 0.818 0.793 0.830 0.872 0.860
Na 0.043 0.045 0.039 0.042 0.039 0.037 0.035 0.025 0.037 0.037
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Wo 42.943 44,284 44249 44.002 43.295 44161 42.486 43.796 46.750 45.083
En 38.088 37.680 37.667 36.568 37.015 36.160 38.763 36.791 34.726 36.786
Fs 18.969 18.036 18.085 19.430 19.690 19.679 18.751 19.414 18.524 18.130
T(Q® 1169 1133 1169 1166 1184 1187 1229 1172 1143 1178
Rock type Columnar jointed basalts

Sio, 48.83 47.83 48.09

Tio, 178 143 2.81

Al,O; 408 491 3.98

Cr,0, 0.17 0.54 0.42

FeO,y 1145 11.58 10.54

MnO 0.23 0.35 0.21

MgO 11.75 11.98 12.74

Ca0o 20.57 20.01 20.33

Na,O 0.53 0.61 0.69

K,0 0.00 0.00 0.00

Total 99.39 99.24 99.81

Si 1.852 1.812 1.809

Al 0.148 0.188 0.176

AV 0.034 0.031 0.000

Ti 0.051 0.041 0.079

Cr 0.005 0.016 0.012

Fe3* 0.046 0.104 0.084

FeZ* 0.317 0.263 0.247

Mn 0.007 0.011 0.007

Mg 0.664 0.677 0.714

Ca 0.836 0.812 0.819

Na 0.039 0.045 0.050

K 0.000 0.000 0.000

Wo 44.681 43.505 43.768

En 35.512 36.241 38.163

Fs 19.808 20.253 18.069

T(°C)? 1165 1191 1143

Temperature calculated after Nimis and Taylor [28]
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Fig.6 a Crystallization
temperature of pyroxenes of
the studied mafic rocks [32],
(b) Estimated pressure of the
crystallization of the pyrox-
enes using the diagram after
Soesoo [32], ¢ Clinopyroxene
barometry diagram [34] of the
studied mafic rocks, d Tem-
perature of crystallization of
the feldspars of the Mfengou-
Manki mafic rocks using

the triangular thermometry
diagram after Kroll et al. [37]

Fig.7 Oxygen fugacity of the
studied mafic rocks using the
AIM+2Ti+Cr versus ALY+ Na
diagram after Schweitzer et al.
[39]
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MgO, CaO and TiO, display a negative correlation with SiO, (Fig. 9). The trace elements such as Ni and Cr present
negative correlation with SiO, while Y and Ba present positive correlation with SiO, (Fig. 9).

The studied columnar jointed basalts show low concentrations of Ni (35- 173 ppm) and low to moderate concen-
trations of Cr (87-268 ppm) and Co (29-53 ppm). On the multi-element diagram normalized to primitive mantle
abundances given by McDonough and Sun [42], the columnar jointed basalts display slight depletion in Nb and Ta,
pronounced depletion in Th, U, Pb and Zr, and enrichment in Cs, Ba and Rb (Fig. 10a). The REE diagram normalized to
the primitive mantle [42] shows enrichment in LREE (Lay/Smy=2.39-3.65) compared to HREE (Gd\/Yby = 1.80-2.94)
and negative to slight positive europium anomalies ((Eu/Eu*)y=0.6 to 1.03) (Fig. 10b).
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Table 3 Major (wt%) and trace (ppm) element contents in mafic columnar joints and mafic dykes from the Mfengou-Manki area

Rocks types Columnar jointed basalts

Sample n° MF1 MF2 MF3 MF4 MF5 MF6 MF7 MF8
Sio, 49.33 50.61 47.42 48.57 47.53 46.95 47.36 46.89
Al,O; 15.12 15.98 15.02 15.03 15.01 15.06 15.17 14.97
Fe,O;tot 11.34 11.02 10.91 11.23 10.98 11.02 10.97 11.25
MnO 0.15 0.13 0.15 0.14 0.16 0.15 0.15 0.17
MgO 4.28 4.15 5.28 6.31 5.94 6.3 6.25 6.4
Cao 6.85 7.02 7.38 6.53 717 6.36 6.39 7.07
Na,O 2.75 231 2.83 3.04 3.19 3.25 3.03 3.16
K,0 3.1 2.88 213 1.89 1.98 1.96 1.87 1.83
TiO, 1.81 1.83 1.89 1.7 1.93 1.88 1.91 1.9
P20, 0.74 0.59 0.53 0.51 0.58 0.55 0.61 0.59
LOI 3.54 4.02 5.95 4.35 4.59 5.59 4.62 4.16
Total 99.02 100.54 99.49 99.3 99.06 99.07 98.33 98.39
Sc 18.15 17.83 16.98 18.05 17.59 16.99 17.25 18.33
" 123.12 128.45 148.79 146.51 150.32 149.09 152.67 155.34
Cr 87.61 91.03 169.13 170.08 169.4 170.03 179.07 165.79
Co 36.28 30.21 37.42 40.01 39.54 38.98 39.74 39.23
Ni 35.6 43.11 94.38 103.45 98.51 109.34 100.07 102.84
Cu 49.89 4561 50.13 49.31 48.12 51.62 59.54 51.02
Zn 110.28 98.851 101.2 92.18 99.68 86.47 99.13 94.2
Ga 19.75 21.06 18.01 17.32 18.01 16.89 19.21 18.14
Rb 89.34 103.21 51.37 53.88 52.75 49.03 48.11 55.07
Sr 498.79 435.04 427.78 475.24 506.23 51541 492.32 496.41
Y 36.42 35.23 30.12 27.35 28.75 28.02 27.12 30.15
Zr 298.03 278.45 213.12 217.21 221.14 210.61 223.41 218.04
Nb 49.31 39.11 28.11 27.81 28.03 28.31 27.18 27.33
Cs 1.45 2.63 1.52 1.22 1.32 1.08 0.97 1.02
Ba 803.23 953.22 502.31 611.5 697.24 719.31 672.48 594.32
La 51.36 49.36 32.04 30.64 31.19 30.13 31.05 30.42
Ce 109.74 102.14 67.41 64.92 68.37 64.59 67.42 66.17
Pr 10.99 12.61 8.39 733 8.71 7.97 8.05 8.27
Nd 47.38 46.53 32.47 32.06 34.31 32.85 3297 32.97
Sm 8.79 8.94 7.01 6.98 7.58 6.75 7.09 7.03
Eu 2.17 2.11 1.85 1.81 1.72 1.98 1.77 2.01
Gd 8.45 8.07 7.03 6.48 7.04 6.34 6.45 7.09
Tb 1.14 1.04 1.08 1.03 0.95 1.01 1.04 1.12
Dy 6.93 6.75 5.51 5.03 6.13 5.75 5.72 5.98
Ho 1.27 1.24 1.22 1.09 1.21 1.15 1.13 1.11
Er 3.75 3.45 3.17 3.08 3.13 2.95 3.12 3.08
Tm 0.49 0.49 0.44 0.48 0.47 0.43 0.41 0.43
Yb 3.21 3.12 2.75 2.92 3.02 2.63 2.96 2.89
Lu 0.52 0.46 0.38 0.41 0.43 0.41 0.42 0.44
Hf 5.98 6.01 5.01 4.47 4.75 4.57 4.95 4.67
Ta 2.75 2.38 1.85 1.73 1.89 1.91 1.87 1.78
Pb 6.83 7.01 4.79 4.35 4.25 4.23 4.21 4.99
Th 4.75 6.3 2.49 2.58 2.76 2.57 2.62 2.58

U 1.52 1.37 0.58 0.66 0.72 0.63 0.58 0.69
Mag# 40.22 40.16 46.31 50.04 49.09 50.47 50.38 50.35
(Eu/Eu®)y 0.77 0.75 0.80 0.82 0.72 0.92 0.80 0.87
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Table 3 (continued)

Rock type Columnar jointed basalts

Sample n° MF9 MF10 MF11 MF12 MF13 DF1 DF2 DF3 DF4
Sio, 50.23 50.04 51.13 47.28 46.98 48.74 51.99 48.35 52.71
AlLO; 15.85 14.78 15.01 12.25 14.45 16.52 15.67 1545 15.78
Fe,O;tot 10.16 10.2 9.87 11.58 10.94 11.34 10.52 12.01 10.35
MnO 0.17 0.15 0.14 0.19 0.15 0.17 0.15 0.18 0.16
MgO 5.39 4.87 4.35 5.27 6.08 7.19 4.62 6.83 4.64
cao 543 7.19 6.79 11.98 11.95 8.01 6.88 7.64 6.49
Na,O 3.08 2.75 2.52 2.37 2.79 2.78 2.52 3.08 342
K,0 2.67 2.87 2.85 1.93 1.08 2.81 3.32 2.12 3.01
TiO, 1.87 1.69 1.59 2.04 2.29 1.93 1.87 2.04 1.87
P,05 0.58 0.54 0.56 0.41 0.4 0.45 0.63 0.61 0.62
LOI 4.54 4.35 4.59 4.21 3.06 1.83 241 1.87 1.72
Total 99.97 99.43 99.4 99.51 100.17 101.77 100.58 100.18 100.77
Sc 16.87 18.78 17.08 16.97 18.45 18.21 17.32 18.15 18.58
Vv 119.11 123.18 117.28 203.87 212.67 151.45 105.12 142.28 107.13
Cr 101.01 99.47 95.32 243.12 268.23 161.23 89.35 156.21 92.03
Co 31.08 30.45 29.45 50.95 53.68 42.97 36.78 42.31 36.79
Ni 64.14 51.28 43.16 211.02 173.47 137.28 65.34 124.12 65.96
Cu 49.12 41.65 43.44 59.6 70.73 76.26 79.12 68.27 75.86
Zn 111.21 100.34 98.58 112.6 121.81 74.38 83.11 85.62 83.12
Ga 21.31 19.12 20.78 18.96 20.13 16.85 17.85 20.01 17.19
Rb 93.23 95.31 96.32 19.28 23.17 105.34 238.25 59.11 204.86
Sr 450.41 486.34 469.45 678.83 608.75 687.33 937.85 571.28 79541
Y 32.46 30.89 31.69 19.03 21.45 32.71 54.35 32.11 58.33
Zr 285.98 253.18 250.45 132.11 129.24 311.21 154.28 204.06 189.03
Nb 39.12 3545 34.99 27.24 28.67 33.54 30.72 3245 24.73
Cs 2.32 3.79 3.94 2.38 3.65 2.58 3.07 1.04 2.36
Ba 786.34 740.59 735.48 278.31 265.28 591.31 694.28 607.45 689.15
La 47.78 52.83 51.63 20.13 22.85 25.31 33.78 27.44 42.16
Ce 100.11 107.31 103.28 39.15 44.78 55.31 72.89 61.03 85.14
Pr 129 12.47 12.35 5.63 5.86 6.12 8.42 743 9.76
Nd 46.34 47.78 46.19 19.45 22.19 24.6 34.16 31.78 39.44
Sm 8.97 9.71 9.23 5.27 5.39 4.67 6.21 6.3 7.38
Eu 1.85 1.99 1.79 1.68 1.69 1.38 1.41 1.78 1.59
Gd 7.89 7.98 791 4.61 5.33 4.97 6.01 6.52 6.87
Tb 1.19 1.20 1.19 0.83 0.85 0.68 0.75 0.91 0.89
Dy 6.78 7.15 7.14 4.05 4.47 3.69 4.03 4.98 5.01
Ho 1.37 1.41 1.38 0.75 0.83 0.72 0.75 0.89 0.91
Er 3.49 3.07 3.65 213 2.21 2.12 2.11 2.56 242
Tm 0.46 0.52 0.53 0.29 0.31 0.28 0.27 0.34 0.35
Yb 3.14 3.39 3.27 1.98 1.85 1.86 1.69 2.19 2.14
Lu 0.51 0.52 0.51 0.27 0.26 0.27 0.26 0.32 0.33
Hf 5.38 5.99 6.01 2.95 291 7.74 3.89 5.07 4.59
Ta 2.68 2.78 2.79 1.87 1.75 1.87 1.69 1.74 1.13
Pb 5.84 5.77 5.31 5.44 5.23 2.58 3.07 2.69 3.78
Th 6.45 8.95 9.01 2.13 2.25 1.86 2.69 1.79 3.31
u 1.45 1.73 1.78 0.59 0.62 0.45 0.51 0.43 0.62
Mg# 48.60 45.98 44.00 44.79 49.76 53.05 4391 50.34 4442
(Eu/Eu®)y 0.67 0.69 0.64 1.04 0.96 0.87 0.70 0.84 0.68
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Table 3 (continued)

Rock type Mafic dykes

Sample n° DB1 DB2 DG4 DG5 DB6 DG7 DBI9
Sio, 46.83 46.22 50.16 50.44 47.1 49.9 46.23
AlLO; 12.11 11.45 14.24 141 13.96 13.61 13.41
Fe,O;tot 12.01 12.12 11.93 11.92 12.63 13.25 12.09
MnO 0.13 0.14 0.12 0.12 0.13 0.15 0.18
MgO 12.78 11.85 8.02 8 11.67 8.09 7.02
Cao 11.37 11.5 6.78 6.78 8.4 5.25 9.16
Na,O 1.82 2.14 247 2.75 24 2.51 2.62
K,0 0.24 1.2 2.8 2.78 1.74 4.31 1.05
TiO, 233 2.64 1.97 1.98 2.03 1.81 2.18
P,04 0.22 0.27 0.39 0.44 0.49 0.57 0.35
LOI 7.308 4.158 2.829 3.298 3.34 2.721 5.44
Total 107.148 103.688 101.709 102.608 103.89 102.171 99.73
Sc 18.86 16.86 16.97 16.29 18.13 16.52 17.67
\Y 183.15 168.79 111.40 104.58 117.37 88.99 204.96
Cr 274.99 295.44 152.97 147.50 171.65 133.68 281.03
Co 45.78 49.67 29.50 28.55 34.23 29.54 5268
Ni 198.51 240.09 96.82 95.49 120.92 86.58 22945
Cu 76.86 80.26 61.20 66.04 59.18 63.80 61.6
Zn 85.25 87.01 83.04 96.63 79.40 85.28 101.37
Ga 14.92 15.60 17.27 17.16 13.61 16.07 18.01
Rb 16.07 2.65 64.59 70.11 29.99 59.33 2245
Sr 491.81 301.55 42091 396.10 398.41 523.37 541.96
Y 19.46 18.75 34.04 34.02 26.67 29.36 18.12
Zr 73.89 64.24 142.49 141.58 113.50 150.37 125.46
Nb 25.81 17.16 43.39 41.06 26.95 58.64 26.13
Cs 1.88 1.94 0.79 1.02 0.57 0.17 4.09
Ba 243.99 91.20 683.66 622.82 532.83 954.88 258.34
La 15.68 10.99 41.26 40.42 22.83 38.58 19.71
Ce 30.24 21.39 82.33 80.84 47.31 75.37 37.73
Pr 3.41 2.50 8.80 8.72 5.36 8.09 4.98
Nd 14.88 11.44 34.69 34.70 2237 31.52 19.21
Sm 4.05 3.32 8.03 8.17 5.70 7.14 4.72
Eu 1.34 1.18 1.88 1.87 1.61 2.16 1.31
Gd 3.93 3.48 6.77 6.72 4.96 5.89 4.65
Tb 0.55 0.52 0.93 0.91 0.70 0.79 0.75
Dy 3.46 3.23 5.75 5.60 4.50 493 3.97
Ho 0.65 0.60 1.09 1.09 0.87 0.95 0.73
Er 1.60 1.48 2.81 2.85 2.18 248 1.95
Tm 0.24 0.22 0.42 0.43 0.33 0.37 0.29
Yb 1.61 1.48 2.83 2.86 2.19 249 1.75
Lu 0.24 0.22 0.41 0.42 0.32 0.36 0.24
Hf 1.89 1.86 3.87 3.84 293 3.84 2.85
Ta 5.09 6.07 13.74 9.72 14.06 19.60 1.63
Pb 10.87 4.06 8.51 10.35 5.81 6.98 4.77
Th 1.39 0.92 5.09 4.62 1.56 2.75 2.13
U 0.25 0.15 0.58 0.56 0.24 0.51 0.57
Mg# 65.48 63.54 54.51 54.47 62.22 52.11 50.86
(Eu/Eu®)y 1.02 1.05 0.77 0.77 0.92 1.01 0.85

@ Discover



Discover Applied Sciences (2024) 6:100 | https://doi.org/10.1007/542452-024-05635-5 Research

@ FeO,

Fig. 8 a Classification diagram
of the Mfengou-Manki mafic @
rocks after Le Bas et al. [40], b

Phonolite

@ Mafic dykes

AFM diagram of the studied Foidito Tepherite X Trachyto © Columnar jointed basalts
. phonolite Trachydito . ]
mafic rocks after Iergne and o @ Tikar plain dykes (Banded-gabbro) Tholeilte series
Baragar [41] S. @ Kekem basalt dykes
& Rhyolite Njimom basalt dykes
<
z °®
.
Calco-alkaline series
T £ T 1)
) 50 60 70 80 Na,0+K,0 Mgo
sio,
Fig.9 Harker diagram of @ ® P
- ® “1o'e ® |°° ©
some major and trace ele- ° (e X<
ments of the studied mafic o] 6 02 o e ]
rocks against SiO g. . % Q o |®
9 2 S P o 2. ao -] ©® oo
o g o 09 0 © Wo © ®
o | @Mafic dykes o % 8 -] @0
=1 7 ®7 | o Columnar jointed 0C%%¢co° ®
e basaits -1
6 & & @ % 51 % % & & & 45 % % 5 % & @ B 5 % s 5
sio, $i0, sio,
° 2" © 8
¥(C) s ® ®
@ ® 2 )
o) ° ° °
© Q.,&O g @), Oo [ 4
a, S (2] &0 o | &% °
X o @ % ® = ® (o] ® &
™ (o) 3 & @9
.y Xe - °
° < ¥ 0 ®e% 00
% G & & % 91 2 8 A IR IR
sio, Sio, sio,
[¢] »
. o @ s @ 15) @ e
§ e N #1
° < e
-] ° a 59
= o 3 1) o)
s é@ ° ... & ? ) @0 o % o0 o)
o me| % > o o
#] o %0 | : e 80
PR . ® & % % 5 % 5 5 4 & b % 8 % @
sio, sio, Sio,

4.5.2 Mafic dykes

The mafic dykes are essentially basic, with a narrow SiO, content ranging from 46.89 wt% to 50.44 wt%. Plotted on
the TAS (total alkali silica) classification diagram after Lebas et al. [40], the mafic dyke samples fall in the field of basalt,
trachy-basalt and basaltic trachy-andesite (Fig. 8a). They present high MgO (8-12.85 wt.%) and TiO, (1.87-2.64 wt.%)
with moderate to high Mg# (50-65) and the A/CNK molar ratio varying from 0.77-1.18. The mafic dykes display a wide
range of LOl values (2.89-7.30 wt.%) (Table 3). On the AFM diagram after Irvine and Baragar [41], they plot on the calc-
alkaline fields (Fig. 8b). Plotted on the SiO, versus other major and trace elements variation diagrams, Al,O;, and K,0
present a positive correlation with SiO, while TiO, and CaO present negative correlation with SiO, (Fig. 9). Moreover,
Cr and Ni show negative correlation with SiO, while Rb, Ba, and Y are showing positive correlation with SiO, (Fig. 9).
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Fig. 10 Primitive mantle-
normalized patterns for the
studied mafic rocks [42]. a
Trace element patterns of the
columnar jointed basalts, b
REE patterns of the columnar
jointed basalts, ¢ Trace ele-
ment patterns of the mafic
dykes, d REE patterns of the
mafic dykes

@ Mafic dykes

1000

Simple/ Primitive mantle
Simple/REE Primitive mantle

1000
100

9. .

Cs Ba U Ta ce Pr P Zr Eu Dy Ypb La Pr Pm Eu i) Ho ™ 0
I S SR W M A S U S i s 1 s s i\ h s h ks

. © Columnar jointed basalts © e 8 @
8 5 8
Bsoégégggggggggg 59 §§§ g g g

Simple/ Primitive mantle

T T T L T T T T T T T T
Rb Th Nb La Pb Sr Nd Sm Ti Y Lu Ce Nd sm Gd Dy v Yb

The mafic dykes show high Ni (86-240 ppm) and Cr (133 to 295 ppm) concentrations and low to moderate Co
(29-52 ppm) contents. On the multi-element diagram normalized to primitive mantle abundances given by McDon-
ough and Sun [42], the mafic dyke samples show positive anomalies in Rb, Ba, Nb, Ta, Ti and Pb, and negative anoma-
liesinTh, U, Ce, and Zr (Fig. 10c). The REE diagram normalized to the primitive mantle [42] shows a slight fractionation,
and is enriched in LREE (Lay/Smy=2.07-3.38) compared to HREE (Gd,/Yby=1.87-2.19) (Fig. 10d). They also show
negative to slight positive europium anomalies ((Eu/Eu*)y=0.76 to 1.01).

5 Discussion
5.1 Alteration

After magma emplacement and crystallization, some alteration processes can take place in the rock. The effect of that
alteration can be seen either in thin sections or in LOI values or trace elements ratios. Some indications of alteration
are seen in few thin sections such as chloritisation of pyroxene and serpentinization of olivine. However, most samples
remain largely unaltered. The LOI (1-7 wt%) of all the studied rocks indicates that the samples were subjected to vari-
able degrees of alteration (Table 3). Moreover, the Y/Ho ratios can also be used for evaluating the role of alteration.
The Y/Ho ratio is varying from 22 to 36 in the columnar jointed basalts (with three samples presenting the value > 44)
and from 24 to 31 in mafic dykes. The mean value (Y/Ho=31) of all the columnar jointed basalts and mafic dykes are
slightly over the value of 28 that is observed in fresh basaltic rocks [43] and below the values observed in altered rocks
(between 44 and 74) [44, 45] indicating globally that secondary processes were not significant on the studied rocks.

5.1.1 Crustal contamination

Understanding the nature of the mantle source and the petrogenetic processes requires a good understanding of the
role of crustal contamination. In the wide range, the major oxides and LILE compositions generally change during the
post-magmatic processes. The overall variations in concentrations of major oxides, LILE, HFSE and LREEs can be caused
by crustal contamination [46].

Trace elements chemistry is a good proxy to assess crustal contamination. Mafic magma affected by crustal contamina-
tion generally presents Ti and P depletion and enrichment of Th and LREEs (e.g., [47]). The studied mafic dykes and colum-
nar do not have large P and Ti troughs on primitive mantle-normalized multi-element diagrams (Fig. 10a, c), testifying
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to insignificant or minor crustal input in the magma. The low concentrations of U and Th in the studied dykes may also
point to a lack of significant crustal contamination [48]. The mafic dyke samples show low Ba contents (mean =483 ppm)
and low Lu/Yb (0.13 -0.14) ratio while the columnar jointed basalts display slightly high Ba (mean=647) contents and
Lu/Yb (0.13-0.16) ratio compared to the mid-continental crust [Ba=259-628 ppm; and Lu/Yb (0.16-0.18)] [49]. These
values may suggest possible small degree of crustal contamination on the columnar jointed basalts or the enrichment
of those elements in the source. This low degree of contamination is also supported by the rapid crystallization of the
columnar jointed basalts magma during quenching (highlighted by the high FeO content (18.24- 30.07 wt%) and low
Al,O, (0.13-0.58 wt%) and MgO (0.03-0.31 wt%) contents testifying to the substitution of A** and Mg?* by the Fe**) [30].
On the thin section, the low degree of contamination is evidenced by the presence of only a few occurrences of quartz
xenoliths (probably taken from the crustal substratum) reacting with microcrysts of pyroxenes (Fig. 4b).

5.2 Magma processes

Some authors [50, 51] have demonstrated that high field strength elements (HFSE) such as Zr, Hf, Nb, Ta, Th, Y, P and Ti
are stable even when they have undergone high-grade metamorphism. Large ion lithophile elements (LILE) such as Ba,
Cs and Rb, on the other hand, have a strong crustal-mantle fractionation and may be unstable during metamorphism or
crustal contamination during magma ascension, thus altering the physicochemical composition of the magma [52, 53].
Due to their relative stability during crustal contamination or metamorphism, transition metals and HFSEs are mainly
used to study the tectonic settings and magma sources of rocks [54, 55]. The major element geochemistry of the studied
mafic rocks demonstrates the calc-alkaline nature of the columnar jointed basalts and the mafic dykes (Fig. 8b). Plotted
on the Ti versus (Ca+ Na) diagram of pyroxenes after Leterrier et al. [56], the studied pyroxenes plot on the boundary
between tholeiitic and alkali basalt fields, but mostly in the alkali basalt field (Fig. 11a). The columnar jointed basalts are
basic to intermediate (SiO,=46-52 wt%), and display low to moderate Mg# (40-53), Ni(35-173 ppm), Co (29-53 ppm)
and Cr (87-268 ppm) while the mafic dykes are essentially basic (SiO,=46-50 wt%), and display moderate to high Mg#
(50-65), Ni (86240 ppm), Co (29-52 ppm and Cr (133-295 ppm) (Table 3). These chemical compositions are lower than
those of the average composition of primary mantle (Ni=300-400 ppm, Co=50-70 ppm, Cr=300-500 ppm) [57]. These
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major elements and trace element characteristics indicate that the studied rocks had undergone fractionation, with the
mafic dykes being the least fractionated.

Moreover, on the plot of SiO, (wt%) versus other major and trace elements, Al,O;, K,0O, Y and Ba show a positive correla-
tion with SiO,, while MgO, Ca0, TiO, Niand Cr display a negative correlation with SiO, demonstrating the crystallization
process especially the fractionation of olivine and clinopyroxene [57] (Fig. 9). The studied mafic rocks present negative
to slightly positive Eu anomalies (Eu/Eu* =06-1.03) indicating plagioclase fractionation.

5.3 Partial melting and magma source

Culler [58] has shown that the profiles of the REE patterns are important to better understand the melting conditions of
the rock. Thus, a low melting percentage of the magma source can produce slightly tilted REE patterns, while a higher
degree of mantle melting produces flat REE patterns [59]. Furthermore, the inclined profile of REE can also indicate the
origin of an enriched mantle source, whereas the flat profiles may demonstrate a depleted mantle source. The REE pro-
files of the columnar jointed basalts and mafic dykes exhibit a relatively tilted pattern, suggesting a low degree of partial
melting of an enriched mantle source. The REE pattern of the mafic dykes and columnar jointed basalts are quite similar
and may indicate the same source for their magmas. This assumption is also strongly supported by the relatively high
Dy/Yb ratios (~ 2, mean =2.14 for the mafic dykes and mean =2.09 for the columnar jointed basalts) of the studied rocks,
implying that partial melting could have taken place in the spinel-garnet transition zone [60]. This hypothesis is also
supported by the (La/Sm) versus (Sm/Yb) diagram after Aldanmaz et al. [61], which shows the columnar jointed basalts
and the mafic dyke samples falling near the E-MORB domain following the spinel + garnet line (Fig. 11b). The studied
samples also plot mostly along the mantle array of the Nb/Yb versus Th/Yb diagram [62], with few columnar jointed
basalts samples extending on the arc related magma area, consolidating the mantle source for the studied mafic rocks
(Fig. 11c). Moreover, the Ce/Pb ratios of the studied samples vary from 7 to 23 for the columnar jointed basalts and from
5 to 10 for the mafic dykes (except one sample with Ce/Pb value of 2.78). These values are lower than the average values
obtained from the basaltic lavas from the Cameroon Volcanic Line (25-32) and also lower than MORB and OIB values
(25 +5, [63], but they are higher than the average value found in the upper-crust (3.2, [64]). The trace element composi-
tions of the columnar jointed basalts and mafic dykes show some visible differences. The columnar jointed basalts show
a relative depletion in Nb, Ta and Pb on the primitive mantle normalized multi-element plot (Fig. 10a) while the mafic
dykes display pronounced enrichment in Nb, Ta and Pb (Fig. 10c). These features suggest a certain degree of evolution
or contamination of the columnar jointed basalts compared to the mafic dyke samples.

Considering the characteristics of the trace elements composition of the columnar jointed basalts, the following
deduction could be made, firstly of (1) a mixture of a plume-like melt with the continental crust or; (2) plume-like melt
with the sub-continental lithospheric mantle to produce the columnar jointed basalts. However, when the mixing involves
the continental crust, very significant Nb-Ta negative anomalies appear on the PM-normalized multi-element patterns
for the studied rocks, which is not the case here.

Moreover, the plume-derived melts generally have a low La/Ta ratio (8-15). When this value is much higher (> 25 in
general), it indicates the involvement of the Sub-continental lithospheric mantle (SCLM). Also, the melts contaminated by
crustal materials generally exhibit high La/Sm ratio (> 5) [65]. The studied mafic dykes display low La/Ta ratios (mostly < 12)
and low La/Sm ratios (< 5) testifying to its plume source while the columnar jointed basalts present varying La/Ta ratios
(10 to 20 with one sample with the value of 37) and low La/Sm ratio (3 to 5) suggesting the participation of the SCLM
to their formation.

Furthermore, the studied samples from the Mfengou-Manki area are depleted in incompatible element and have the
La/Nb ratios (0.6-1.7), Th/Nb (0.04-0.25), Zr/Nb (2.56-9.27) and Ba/Nb (5.31-25.86). These ratios are lower than those of
the continental crust and very close to those of the OIB, indicating the OIB-type geochemical signatures for the studied
mafic rocks [66].

The columnar jointed basalts display low Nb/La (< 1) ratio while the mafic dykes display high Nb/La (> 1) ratio sug-
gesting the participation of the lithospheric mantle source to the genesis of the columnar jointed basalts and exclusively
the OIB-like asthenospheric mantle for the mafic dykes [67, 68]. This result is also supported by the Nb/La versus La/
Yb diagram (Fig. 11d), in which the mafic dykes plot mainly on the HIMU-OIB asthenospheric mantle and the columnar
jointed basalts samples plotting mainly on the mixed lithospheric-asthenospheric mantle area.

Also, studied mafic rocks display moderate TiO, contents (between 1.69 and 2.29 wt.% for the columnar jointed basalts
and 1.87-2.64 wt.% for the mafic dykes) and characterize magmas generated from a slightly shallower mantle source
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compared to high-Ti magmas. It has been demonstrated that high-Ti content in basalts are evidence for the involvement
of asthenospheric mantle source components in the genesis of the basaltic rocks [69, 70]. It is therefore very likely that
the studied columnar jointed basalts were generated by shallow melting of asthenospheric mantle source mixed with
different amounts of melts from SCLM.

The geochemical composition of the plume-derived melts may have been imparted into SCLM through the plume-
lithosphere interaction especially during the delamination process [70, 71]. So, the contamination of asthenospheric
magma by lithosphere-derived melt probably played an important role in the genesis of the studied columnar jointed
basalts as demonstrated on the Soltan Maidan basalts in Iran [72].

This geological phenomenon is not new in Cameroon. The mixing of source material from the asthenospheric and the
lithospheric mantle has also been previously mentioned in some areas of the Cameroon Volcanic Line such as the Bioko
island [73], the Mts Bambouto and Oku, the Ngaoundere Plateau [74], and the Bamenda Mountains [75].

5.4 Comparison with the other mafic dykes in the Cameroon Central Shear Zone

The geochemical and mineralogical characteristics of the Mfengou-Manki columnar jointed basalts and mafic dykes com-
pared to those of other dykes in the Central African Fold Belt in Cameroon reveal some differences and similarities. The
studied mafic rocks present silica content (46% to 52%) similar to those from the Njimom area (46-51%), but high Ni
(86-240 ppm) and Cr (133-295 ppm) content compared to those of Njimom dykes (Ni=30-110 ppm; Cr=70-180 ppm) [19].

The mafic dykes from the Tikar Plain and Kekem areas derived from the sub-continental lithospheric mantle source
[26, 76] and are indeed different from the Mfengou-Manki mafic dykes and columnar jointed basalts that originated
from asthenospheric and mixed asthenospheric-lithospheric mantle respectively. The studied mafic dykes, compared
to the columnar jointed basalts, are more enriched in Nb, Ta Ti and Sr, but depleted in Zr compared to the Tikar plain and
Kekem dykes, (Fig. 12a, b).
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From the field relationship, the mafic dykes are oriented parallel to the Tikar plain dykes and Kekem dykes (NW-SE
direction) and are perpendicular to the direction of the Cameroon Volcanic Line (NE-SW). That direction is similar to that
of the second deformation phase (D,) in the CCSZ dominated by the shearing movement [26]. The C, shear axes (NW-SE)
of the second deformation phase in the Central Cameroon Shear Zone may have favored the emplacement of the studied
dykes as it is the case for the Tikar plain mafic dykes.

5.5 Tectonic setting and geodynamic implication in the Cameroon Volcanic Line and Central Cameroon
Shear Zone

The geochemistry of a specific type of magmatic rock may reflect or indicate its tectonic setting [77]. Trace elements
such as Nb, Y, Ta, Th, Sm, Zr, Hf, and Yb are generally used for the discrimination of the tectonic environment in which
the rock has been formed. This is because of their relative stability and low ion energy potential during metamorphism
and weathering processes. Using some of those elements (Nb, Zr, Y, Th, Hf), for the tectonic discrimination triangular
diagrams (Hf/3-Th-Nb/16) after Wood [78] (Fig. 13), the studied samples fall within the E-MORB and within-plate tectonic
domains. According to Rudnick and Gao [79], negative Ti, Ta and Nb anomalies are typical of continental crust and rocks
whose chemical composition has been modified by subduction [80]. The enrichment in Nb, Ti and Ta of the mafic dykes
exclude a contribution of the subducted slab to their formation [81, 82]. In contrast, the columnar jointed basalts show
relatively negative anomalies in Nb and Ta, testifying to the little participation of the sub-continental lithospheric mantle
in their formation.

The dykes may have intruded along lower to mid-crustal sub-vertical feeder channels and were emplaced along the
shear axes during the C, shearing stage in the Adamawa Yade domain of the Central African Fold Belt in Cameroon [26].
This hypothesis is also supported by several authors indicating that the Pan African orogeny that affected the Neoprote-
rozoic granitic basement of the Cameroon Line favored the emplacement of fractures and zones of weaknesses [24, 74,
83, 84] that have facilitated the emplacement of extrusive (lava flow and columnar) and intrusive magmatic (mafic dykes
and anorogenic complexes) rocks [85]. Moreover, recent geophysical studies on the Central African Fold Belt in Cameroon
demonstrated the existence of both the subduction, slab detachment and the delamination of the sub-continental
lithospheric mantle under the Adamawa Yade domain and the West Cameroon domain ([86], Fig. 14).

6 Conclusion

The aim of this work was to study the petrography, geochemistry and mineral chemistry of the mafic dykes and the
columnar jointed basalts, in order to constrain their petrogenesis and tectonic settings and the role of lithospheric or
asthenospheric source in their genesis. Two hypotheses have been proposed for the origin of the columnar jointed
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basalts: (1) a mixture of a plume-like melt with the continental crust or (2) plume-like melt with the sub-continental
lithospheric mantle.

The petrography and geochemistry of the Mfengou-Manki mafic rocks permitted to highlight two main mafic rock
types, namely the mafic dykes and the columnar jointed basalts. The mafic dykes present fine to medium-grained
texture while the columnar jointed basalts display the microlitic texture. The mafic dykes are calc-alkaline while the
columnar jointed basalts are calc-alkaline to tholeiitic in nature. The geochemistry of the analyzed samples indicates
that the mafic dykes are from the asthenospheric mantle source while the columnar jointed basalts are from the
mixed lithospheric-asthenospheric mantle.

The mafic dykes emplaced at a temperature of 1071 to 1193 °C and a pressure of 4 to 12 kbar while the columnar
jointed basalts emplaced at a temperature of 1064 to 1152 °C and 2 to 13 kbar pressure.

The studied rocks emplaced in the within-plate domain following the C, shear axes in the Cameroon Central
Shear Zone. The delamination of the sub-continental lithospheric mantle under the Central Cameroon Shear Zone
in the Adamawa Yade domain and the West Cameroon domain may have favored the ascend of the plume-derived
melts which imparted into SCLM through the plume-lithosphere interaction. However, the petrography, whole-rock
geochemistry and mineral chemistry alone are not sufficient to better explain the magma sources and processes
leading to the formation of such complex geochemical features. Isotopic and geochronological studies should be
done respectively in the future work to better constrain the magma sources, the mixing processes and the emplace-
ment ages of the studied mafic rocks.
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