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Abstract 
This work presents the petrographic and geochemical data of the dolerite 
dykes crosscutting the Pan-African basement of Figuil (North-Cameroon) and 
Léré (South-West Chad) in order to approach their petrogenesis and their 
emplacement context. Two groups of dolerites have been highlighted by pe-
trographic and geochemical studies. These groups were discriminated by their 
TiO2, Fe2O3, REE, Ba, Nb, Zr, La and Hf contents which are relatively higher 
in group I; group II, on the other hand, has higher MgO, Mg#, Sc, Ni and Cr 
contents. The mineralogical assemblage of these dolerites is made up by pla-
gioclases, pyroxenes, olivine, oxides, amphibole, biotite and sometimes pyrite, 
calcite, apatite, epidote and chlorite. The behaviour of the major and trace 
elements suggest that studied dolerites have an evolution dominated by frac-
tional crystallization. Most dolerite samples show higher REE concentrations 
and (La/Yb)N > 8.7, (Tb/Yb)N > 1.9 and Dy/Yb > 2 ratios characterizing a 
garnet-bearing mantle. The difference in incompatible elements between the 
two groups is explained by the degree of partial melting of the same source 
which becomes more important over time. Low (Ce/Yb)N values (3.3 - 11.58) 
also suggest relatively low partial melting degree of the source. Fractional crys-
tallization process was possibly combined with minor crustal contamination 
as shown by enrichment of Th/Yb from group II to Group I that might be due 
to turbulent magma emplacement. The chemical compositions of these dole-
rites are similar to that of continental tholeiites with slightly moderate nega-
tive Nb-Ta anomalies which are attributed to crustal contamination of magmas. 
As other dolerites of Cameroon, continental tholeiitic signature of the studied 
dolerites is evidenced in geotectonic discrimination diagrams with Group II 
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dolerite compositions falling within the field of tholeiitic basalts and group I 
within the field of alkali basalts. 
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1. Introduction 

Mafic dyke swarms provide the most complete record of short-lived, mantle- 
generated magmatic events through time and space [1] [2]. The crystallization of 
basaltic magmas can also occur on the subsurface in the form of sills and dolerite 
dykes. These intrusions are often formed and located in areas of high orogenic 
activity (shear and collision zones) and are intrinsically linked to the dynamics 
of mountain ranges. Intrusive magmatism generally exploits synchronous frac-
turing systems and may also follow pre-existing reactivated systems with net-
worked organizations [3]. Their study is therefore fundamental for understand-
ing the geological history. In the Pan-African Central African Fold Belt (CAFB), 
petrographic, geochemical and geochronological data were obtained from several 
magmatic intrusions (e.g. [4]-[9] amongst others). The Dolerite investigated in 
the present study is located in the northern domain of CAFB in Cameroon and 
southwest of Chad. Its preliminary geochemical data of some samples in Came-
roon domain of CAFB were presented in Ngounouno et al. [10]. Geochemical stu-
dies of the dolerites of Chad have so far not been carried out, as well as compari-
sons of those of neighboring Cameroon. The aim of this study is to characterize, 
constraint the petrogenesis and define geotectonic context of the Figuil (Came-
roon) and Léré (Chad) dolerites using new major, trace and REE compositions 
data.  

2. Regional Geological Setting and Geological Background of  
the Study Area 

The Central African Fold Belt is one of the most important tectonic units of Pre-
cambrian central Africa. It has been formed by the collision between three main 
cratonic blocks: the Congo craton, the West African craton and the Saharan me-
tacraton during the West Gondwana assembly [11] [12]. During this collision, 
the margins of the cratons were fragmented and remobilized by the metacrato-
nization process. Sub-blocks are delimited by large shear zones and are characte-
rized by metacratonic and non-metacratonic domains [13]. It is an orogenic 
mega-belt that crosses several territories (Nigeria, Cameroon, Central African 
Republic, Chad). This Belt has the characteristics of a collision chain [14], with 
external nappes of regional extension, high-pressure granulite metamorphism, in-
tense migmatization, regional-scale stalls and the presence of molasse deposits [14]. 
The emplacement of intrusions, which very often outcrop into dykes and sills, is 
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considered to be a direct consequence of tectonic events affecting the Pan-African 
basement [15] [16]. 

In southwestern Chad Republic and in northern Cameroon (Figure 1), Neo-
proterozoic magmatic arcs circumscribed by medium to narrow low grade vol-
canosedimentary schist belts have been defined. These volcanosedimentary se-
quences include Goueygoudoum greenstone and Zalbi belts in southwest Chad, 
and the Rey Bouba, Bibemi-Zalbi and Poli greenstone belts in northern Came-
roon [17] (Table 1). These sequences were commonly interpreted as pre-tectonic 
back-arc basins intruded by or associated with the calc-alkaline TTG suite of the 
Mayo Kebbi Batholiths and Sinassi [15] [18] [19] [20] (Table 1). 

 

 
Figure 1. (a) Location of Cameroon and Chad in Africa. (b) Geological map of Northern Cameroon and Southwestern Chad 
(redraw from Bouyo et al. [17]). TBF: Tcholliré-Banyo Fault; NP: Neoproterozoic; PP: Paleoproterozoic.  
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Table 1. Summary table showing the main features and geochronological data for all major belts and batholiths of north Came-
roon and southwest Chad at the northern margin of the CAFB (Bouyo Houketchang et al. [53]). 

Country Volcanosedimentary belts Major lithologies Main features Geochronological data 

Cameroon Poli Belt [18] [64] [65] 

Greywacke-type metasediments 
-Volcanogenic clastic rocks 
(mainly tuff) 
-Tholetiitic basalt 
-Calc-alkaline rhyolite 
-Pre, syn-to post tectonic 
granitoids 

-Low to high grade 
-NE trend of foliation 
appears consistent 
throughout the 
different belts 
-Strong sub-vertical 
foliation 

-Origin of detrital sources: 920, 830, 
780, 736 Ma 
-Depositional age: 700 - 665 Ma 
-Age of deformation: 612 Ma  
(Badjouma metadiorite) 
-Age of metamorphism: ca 600 Ma 
(High pressure metapelitic granulite) 

Chad Rey Bouba Belt [19] 

-Flysch (greywacke and pelite) 
-Sandstone, siltstone, black 
shale, limestone and dacite 
-Conglomerate and 
coarse-grained arkose with 
pebbles of volcanic rock 
-Andesitic and dacitic tuff and brec-
cias 
-Pre, syn-to post tectonic 
granitoids 

-Low to medium grade 
-Basin located along a 
strike slip fault  
(Tcholliré-Banyo Fault) 

-Depositional age: 750 Ma 

 Bibémi-Zalbi Belt  -Low to medium grade  

Chad 
Zalbi or Bibémi-Zalbi Belt 

[20] [25] [66] 

-Spilitic rocks 
-Black shale and chert 
-Sandy and silty claystone 
-Basaltic volcanic and 
volcanosedimentary rocks 
-Pre, syn-to post tectonic 
granitoids 

-Low to medium grade 
-Crystallization: 700 Ma (metabasalt), 
777 Ma (epiclastite) 

 Goueygoudoum [20] 
-Covered by thick soil and shows 
only few bedrock outcrops 

-Low to medium grade  

Country Batholith (magmatic arc) Major lithologies Main features Geochronological data 

Cameroon 
Sinassi Batholith  

[19] [67] 
-Tonalite Trondjemite-Granodiorite 
(TTG) 

-Calc-alkaline suite 

-Crystallization: 690 Ma (Doudja 
tonalite) 
-Age of emplacement: 677 Ma (Sinassi 
tonalite) 
-Age of deformation: 639 Ma (Landou 
granite) 

Chad 
Mayo Kebbi Batholith  

[20] [21] 

-Gabbro-diorite metadiorite 
-TTG 
-Granodiorite-monzodiorite 

-Calc-alkaline suite 

-Age of emplacement: ca 740 Ma  
(Boloro metadiorite), 723 Ma (Boloro 
gabbro-diorite), ca 665 - 640 Ma  
(Matanseng tonalite), 570 Ma (Pala 
granodiorite) 

 
The Mayo Kebbi granito-gneissic basement, which extends from Poli in Came-

roon to southwestern Chad characterized by foliation oriented N-S to NNE-SSW 
with NNE-SSW folds was interpreted as the Neoproterozoic formations and em-
placed around 740 to 540 Ma (Penaye et al., 2006). It is the result of a successive 
magmatic arc development since 740 Ma followed by a collision of three different 
domains (Adamaoua-Yadé, Mayo-Kebbi and Poli), crossed by granitoids, emplaced 
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around 737 - 570 Ma [17] [21]. The Léré Basin basement belongs to the large 
group known as the Mayo Kebbi region. This group represents the NE extension 
of the Pan-African basement of Poli in Central North Cameroon [21]. It is an 
assemblage of Phanerozoic sediments covering a Precambrian substratum dom-
inated by intrusive tonalitic batholith in amphibole gneissic complexes [22].  

Cretaceous sediments are deposited in two basins (Figure 2) bounded by E-W 
faults, whose extensional rework in the early Cretaceous controlled the emplacement 
of veins and sills [23] [24]. The Pan-African basement of Figuil contains five distinct 
facies, dominated by tonalitic orthogneisses and intersected by peraluminous gra-
nite veins. In sum, the Figuil gneissic basement is composed of more or less orthog-
neissitic magmatic rocks, crosscut by pegmatite veins of magmatic character [25].  
 

 
Figure 2. Geological sketch map of Figuil-Léré area (modified from Isseini et al. [25]). 
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At Léré, the contacts are identified and characterized between the Zalbi meta-
volcanosedimentary series and the Mafic and intermediate complex on the one 
hand, and between the latter and the Léré batholith on the other hand. Chlorito-
schists with talcist intercalations and rare serpentinites constitute the metavol-
canosedimentary series. Gabbros, gabbro-diorites and quartz diorites representing 
the Mafic and Intermediate Complex outcrop to the east of the Zalbi, Boloro and 
Léré series. South of Lake Léré, the Guegou tonalite (Figure 2) is a circular in-
trusion described as a diorite and attributed to the Mafic and Intermediate Com-
plex by Pouclet et al. [20]. The presence of vein-like appendages of Léré’s batho-
lith in the Mafic and Intermediate Complex suggests the intrusive character of 
the former in the latter [25]. As part of the CPAC, the Figuil (northern Came-
roon) and Léré (south-western Chad) regions have dolerites outcropping on the 
Pan-African basement and in sedimentary formations. Rejuvenation of Pan-African 
faults favored the emplacement of the dykes and sills in the area [23] [24]. Post-rift 
transpression affected Figuil and Léré basins as part of the Central African Se-
nonian Fold Belt [26] [27]. The dolerites are therefore characterized by an im-
pressive system of dykes emplacement strongly linked to the tectonic events that 
affected these regions.  

The ages of these doleritic intrusions are not exactly well-known. However, sim-
ilar basalts, microgabbros and dolerites sampled eastwards in Chad, in the same 
basin, gave K–Ar ages between 43 ± 2 and 87 ± 3 Ma [28]. Furthermore, struc-
tural field observations show that the dykes are older than the regional Late Eo-
cene compressive event [26] [29]. 

3. Sampling and Analytical Methods 

Ten (10) fresh and representative samples from two groups of dolerites were se-
lected for the petrographic and geochemical studies. Each sample was carefully 
cleaned and then sawn into two parts. Ten rock samples were sent to Bureau Ve-
ritas Mineral Laboratories in Vancouver, Canada for geochemical analyzes. The 
ten others were sent to Key laboratory Coalbeb Methane Resource and Reservoir 
Training in China, for the preparation of thin sections. Rock powder of each 
sample (0.2 g) was added to lithium metaborate/lithium tetraborate flux (0.90 g), 
well mixed and fused in a furnace at 1000˚C. The resulting melt was then cooled 
and dissolved in 100 ml of 4% nitric acid and 2% hydrochloric acid. This solu-
tion was then analyzed by a combination of ICP-MS (Inductively Coupled Plas-
ma-Mass Spectrometry) and ICP-AES (inductively-coupled plasma-atomic emis-
sion spectrometry) to determine major and trace element compositions of the 
samples. The obtained results were corrected for spectral inter-element interfe-
rences. Oxide concentration was calculated from the determined elemental con-
centration and the result was reported in that format. Loss on ignition (LOI) was 
measured by weight difference after ignition at 1000˚C. To certify data quality 
(95% confidence level) and to calibrate the equipment for optimal precision, a 
replicate, standard and blank was measured. For the major oxides, the analytical 
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uncertainties were about 0.01 wt%, apart from Fe2O3 (0.04%). The detection lim-
its for trace elements were variable as follow (in ppm): Ni (20); V (8); Ba, Sc, Be, 
Sn (1); Ga, Sr, W (0.5); Nd (0.3); Co, Th (0.2); Cs, Hf, Nb, Rb, Ta, U, Zr, Y, La, 
Ce (0.1); Sm, Gd, Dy, Yb (0.05); Er (0.03); Pr, Eu, Ho (0.02); Tb, Tm, Lu (0.01). 
The results are presented in Table 2. 

4. Results 

4.1. Petrography and Structural Characteristics 

The studied dolerite dikes are vertical to subvertical and striking N10˚ - 175˚E; 
their width and length generally range from 5 to 40 m and from 0.02 to 4 km re-
spectively (Table 3). The petrographic study highlighted four facies of dolerites 
depending on the color and the mineralogical composition. These are: 1) pyrite 
and calcite-bearing dolerites, 2) pyrite-bearing dolerites with basement rock en-
claves’ rich, 3) pyrite-bearing dolerite and 4) amphibole and titanite-bearing do-
lerite with intergranular granophyric, typical doleritic, ophitic and ophitic with 
granophyre textures respectively. The primary mineralogical assemblage of these 
rocks is completely or partially transformed in some cases. Plagioclase and py-
roxene are the dominant mineral phases. 

4.1.1. Pyrite and Calcite-Bearing Dolerites (PCD) 
Pyrite and calcite-bearing dolerites of Léré are observed at Teufoultréné and 
Lampagame localities. They outcrop in the form straight dykes constituted by 
bowls and blocks (Figure 3(a), Figure 3(c)) striking N10˚ - 30˚E at Teufoultréné 
and N165˚ - 175˚E at Lampagame. Their width (10 - 20 m) and length (1.2 - 4 
km) fluctuate from one outcrop to another. Under polarized microscope, PCD are 
characterized by an intergranular granophyric texture (Figure 3(b), Figure 3(d)). 
For this texture, the interstices between the plagioclase laths are occupied by phe-
nocrysts and microcrystals of olivine, clinopyroxene, pyrite, opaque minerals and 
calcite (Figure (3b)). The inclusions of accessory minerals such as opaque min-
erals and apatite are observed in certain sections as well as secondary minerals 
represented by epidote and chlorite. 

4.1.2. Pyrite-Bearing Dolerites with Xenoliths of Basement Rocks  
(PDxbr) 

The pyrite-bearing dolerites with enclave of basement rocks outcrop in bowls 
and blocks in the form of rectilinear dykes striking mainly N45˚ - 135˚E at Tréné, 
Berliang and in the bed of Mayo Kebbi River at Zabili (width: 5 - 15 m; length: 
0.5 - 2 km). The enclaves of basement rocks are granitic and essentially made up 
of alkali feldspars. Under polarized light, the dolerites show a classic doleritic tex-
ture (Figure 3(f)). PDxbr are composed of plagioclase laths phenocrysts and mi-
crocrystals of clinopyroxene, amphibole, pyrite, alkaline feldspar and opaque min-
erals. Plagioclase appears as microlites and phenocrysts that are generally fairly 
automorphic. Secondary minerals (epidote, chlorite) are also observed. 
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Table 2. Major and trace elements for dolerites from Figuil and Léré. 

 Group I  Group II 

 PCD PCD PCD PCD PDxbr  PDxbr ATD ATD PD PD 

 
TESM4 TEIM3 TERM4 TLM3 BeM3  ZiM2 PmeM2 PletM2 FefM1 FcvM1 

Wt%            

SiO2 45.7 45.87 45.97 44.09 46.05  46.45 48.28 55.87 43.85 48.67 

TiO2 3.44 3.1 2.55 3.03 3.32  2.12 2.16 1.28 2.47 2.82 

Al2O3 14.71 15.03 15.69 14.65 14.5  16.18 15.7 14.82 14.51 14.82 

Fe2O3 15.64 15.39 13.76 15.15 16.83  11.91 12.34 7.13 12.73 12.09 

MnO 0.18 0.19 0.17 0.18 0.2  0.18 0.19 0.1 0.17 0.14 

MgO 4.68 4.34 4.96 4.41 4.07  7.41 6.33 5.3 7.58 6.48 

CaO 7.23 6.72 6.87 6.87 6.04  9.05 8.41 5.21 10.16 7.76 

Na2O 3.02 3.74 3.5 3.16 3.55  3.01 3.27 4.1 2.68 3.2 

K2O 1.94 1.26 1.38 1.16 1.31  1.04 0.87 3.53 1.37 1.08 

P2O5 0.59 0.58 0.41 0.55 0.71  0.37 0.38 0.49 0.35 0.34 

LOI 2.5 3.4 4.4 6.4 3.1  2 1.8 1.7 3.7 2.2 

Total 99.69 99.71 99.73 99.71 99.71  99.73 99.75 99.73 99.69 99.7 

Mg# 40.2 38.8 44.8 39.5 35.2  58.3 53.5 62.6 57.2 54.6 

Traces (ppm) 
    

 
     

Sc 18.0 17.0 17.0 16.0 14.0  27.0 26.0 13.0 24.0 18.0 

Be 1.0 3.0 2.0 6.0 2.0  ˂1 ˂1 2.0 ˂1 3.0 

V 272.0 200.0 189.0 204.0 221.0  225.0 218.0 133.0 291.0 260.0 

Co 50.9 45.7 47.4 48.6 49.2  46.6 43.8 26.3 50.1 45.1 

Ni 38.0 38.0 50.0 33.0 43.0  91.0 62.0 114.0 97.0 107.0 

Cr nd nd 13.68 13.68 20.53  150.52 60.42 260.00 157.37 177.89 

Ga 23.1 22.8 21.0 25.8 22.6  17.2 19.3 18.2 19.8 19.6 

Rb 37.6 21.1 23.6 18.4 18.3  29.4 11.9 99.0 18.9 21.5 

Sr 593.0 569.7 621.5 677.6 515.3  363.3 366.5 564.3 585.7 679.4 

Y 33.2 34.4 25.7 32.9 40.8  28.8 35.2 18.1 18.9 17.3 

Zr 298.0 290.1 223.4 280.0 391.4  177.8 201.4 271.5 170.5 172.8 

Nb 30.9 27.1 21.4 26.8 35.8  8.5 9.8 13.2 26.6 9.1 

Sn 2.0 2.0 2.0 2.0 3.0  1.0 1.0 1.0 2.0 1.0 

Cs 1.2 2.4 0.9 7.7 0.4  0.5 0.2 0.7 0.4 0.7 

Ba 674.0 653.0 463.0 449.0 613.0  199.0 210.0 972.0 373.0 428.0 

La 41.0 36.3 26.7 36.3 44.2  13.2 16.0 50.0 21.3 25.8 

Ce 90.5 81.8 60.3 76.9 100.1  33.6 40.4 97.8 45.2 54.2 

Pr 11.2 10.5 7.5 9.9 12.3  4.7 5.5 11.3 5.4 6.7 

Nd 46.7 42.3 31.9 41.5 51.4  21.7 24.9 44.3 23.6 27.9 

Sm 9.4 8.9 6.7 9.2 10.5  5.6 6.1 7.5 5.0 5.9 

Eu 2.8 2.7 2.1 2.6 3.1  1.9 2.1 1.9 1.7 2.0 

Gd 9.3 9.1 6.7 8.6 10.5  6.0 6.8 6.1 5.2 5.6 

Tb 1.2 1.3 1.0 1.2 1.5  1.0 1.1 0.8 0.8 0.7 

Dy 7.1 7.1 5.0 7.0 8.4  5.5 6.3 3.6 4.1 3.7 

Ho 1.3 1.3 1.0 1.3 1.5  1.1 1.4 0.6 0.8 0.7 

Er 3.4 3.6 2.7 3.3 4.3  3.0 3.7 1.7 2.0 1.7 
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Continued 

Tm 0.5 0.5 0.3 0.4 0.6  0.4 0.5 0.2 0.3 0.2 

Yb 2.8 2.8 2.2 2.7 3.5  2.8 3.4 1.3 1.7 1.3 

Lu 0.4 0.6 0.3 0.4 0.5  0.4 0.5 0.2 0.2 0.2 

Hf 7.2 7.0 5.6 6.5 9.2  4.2 4.9 6.4 4.1 4.6 

Ta 1.8 1.5 1.2 1.5 2.2  0.5 0.5 0.6 1.7 0.6 

W 0.7 ˂0.5 0.8 1.2 ˂0.5  0.5 ˂0.5 1.4 ˂0.5 ˂0.5 

Th 3.0 2.4 2.1 1.9 3.2  0.6 1.0 7.6 1.7 3.6 

U 0.7 0.6 0.7 0.6 0.8  0.3 0.5 1.5 0.6 0.7 

Eu/Eu* 0.92 0.92 0.96 0.89 0.90  1.00 1.00 0.86 1.02 1.06 

Nb/Nb* 0.93 1.10 0.77 1.13 1.23  0.54 0.52 0.20 1.03 0.37 

Mg#; molar ratio of [MgO/(MgO + FeO)] × 100); Fe2O3/FeO = 0.15. 
 
Table 3. Petrographic and structural characteristics of the studied dykes. PCD: Pyrite and 
calcite-bearing dolerites; PDxbr: Pyrite-bearing dolerites with xenoliths of basement rocks; 
ATD: Amphibole and titanite-bearing dolerites; PD: Pyrite-bearing dolerites; Cpx: clino-
pyroxene; Pl: plagioclase; Ol: olivine; Opq: opaque; Cal: calcite; Amp: amphibole; Bt: bio-
tite; Py: pyrite; Afs: alkali feldspar; Ap: apatite; Ttn: titanite; Ep: epidote; Chl: chlorite. 

 PCD PDxbr ATD PD 

Orientation N10˚ - 175˚E N45˚ - 135˚E N45˚ - 157˚E N23˚ - 45˚E 

Width 10 - 20 m 5 - 15 m 5 - 10 m 20 - 40 m 

Length 1.2 - 4 km 0.5 - 2 km 0.3 - 2 km 20 - 200 m 

Mineralogy 
Pl + Cpx + Ol +  

Opq + Cal + Ap + 
Ep + Chl + Py 

Pl + Afs + Cpx + 
Amp + Opq + Ep + 

Chl + Py 

Pl + Afs + Cpx + 
Amp + Bt + Opq + 

Ap + Ttn + Ep + Chl 

Pl + Afs + Cpx + 
Opq + Ep + Chl 

4.1.3. Amphibole and Titanite-Bearing Dolerites (ATD) 
The amphibole and titanite dolerites dykes of Poubamé and Poutalet are oriented 
N152˚ - 159˚E; those of Zabili striking N43˚ - 48˚E with width of 5 - 10 m and 
length of 0.3 - 2 km. They outcrop in the form of centimeter to decimetric bawls. 
Under the microscope, the dolerites show an ophitic texture (Figure 3(g)). ATD 
are characterized by clinopyroxene, plagioclase and amphibole phenocrysts. Al-
kali feldspar and biotite are also identified. Common accessory phases are oxides, 
apatite and titanite associated with epidote and chlorite. 

4.1.4. Pyrite-Bearing Dolerites (PD) 
At Figuil, pyrite-bearing dolerite dykes outcrop in the form of flagstones and 
bowls, striking N23˚ - 45˚E (width: 20 - 40 m; length: 20 - 200 m). Under the 
polarized microscope, PD present an ophitic texture with granophyre (Figure 3(h)). 
They consist of plagioclase laths, clinopyroxene, alkali feldspar crystals and pla-
gioclase xenocrysts (Figure 3(h)). The plagioclase crystals are generally trans-
formed into damourite. Secondary products include epidote and chlorite. 
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Figure 3. Aspect of some samples and microphotographs showing the structural and 
textural characteristics of dolerite. (a) Outcrop of a dolerite dyke in the form of bawls and 
blocks at Léré; (b) Microphotograph of pyrite and calcite-bearing dolerites showing cal-
cite crystals with gulfs of corrosion; (c) Fresh sample of calcite-bearing dolerites of Léré; 
(d) intergranular texture with granophyre of calcite-bearing dolerites; (e) Sample of py-
rite-bearing dolerites with xenoliths of basement rocks; (f) Doleritic dolerite texture of 
pyrite-bearing dolerites with xenoliths of basement rocks; (g) Ophitic texture of Amphi-
bole and titanite-bearing dolerites of Poutalet (Léré); (h) Xenocrysts of plagioclase sur-
rounded by a reactional margin in pyrite-bearing dolerites. 
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4.2. Geochemistry 
4.2.1. Major Elements 
With the exception of a sample PletM2 (which is a trachy-andesite), all the rocks 
exhibits a basaltic composition which are basanite tephrite and basalt in the TAS 
classification of Le Bas et al. [30] (Figure 4) with a relatively homogeneous chem-
ical composition: 43.85% < SiO2 < 48.67%; 4.05% < Na2O + K2O < 5%; 11.91% < 
Fe2O3 < 16.83%; 4.04% < MgO < 7.58%; 2.12% < TiO2 < 3.44%; 14.5% < Al2O3 < 
16.18%. The alkaline-subalkaline dividing line of Irvine and Baragar [31] show 
that dolerites are essentially alkaline (Figure 4).  

The four groups of dolerites previously defined during petrographic descrip-
tions are subdivided into two geochemical groups. Group I consists of calcite and 
pyrite-bearing dolerites and pyrite-bearing dolerites with enclave of basement rocks; 
Group II comprises amphibole and titanite-bearing dolerites and pyrite-bearing 
dolerites. In the AFM diagram of Ivrine and Baragar [31], almost all the analyzed 
samples are classify in tholeiitic series; only one sample of group II dolerite (PletM2 
which seem to be contaminated) belong to calc-alkaline series (Figure 5). This is 
confirmed in TiO2 versus Y/Nb diagram of Floyd and Winchester [32] where the 
majority of dolerites samples are plotted in the field of continental tholeiite (Figure 
6). The two groups of dolerites are also clearly discriminated by their MgO 
contents and magnesium number Mg# [(MgO/MgO + FeO) × 100] values which 
are relatively higher in group II (MgO: 5.3 - 7.41 wt%; Mg#: 53.5 - 62.6) than in 
group I (MgO: 4.07 - 4.96 wt%; Mg#: 35.2 - 44.8) (Table 2). TiO2 (group I: 2.55 - 
3.44 wt%; group II: 1.28 - 2.47 wt%) and Fe2O3 (group I: 13.76 - 16.83 wt% group 
II: 7.13 - 12.73 wt%) concentrations also differentiate the two groups of dolerites.  

 

 
Figure 4. Total alkali vs. silica classification diagram after Le Bas et al. [30]); the alka-
line-subalkaline dividing line is from Irvine and Baragar [31]. 
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Figure 5. AFM diagram of Ivrine and Baragar [31] showing geochemical affinities of the 
Figuil and Léré dolerites. A: Na2O + K2O; F: FeOt; M: MgO. 

 

 
Figure 6. TiO2 versus Y/Nb diagram of Figuil and Léré dolerite (after Floyd and Win-
chester, [32]). 
 
Major elements variation diagrams with each oxide are plotted against MgO wt% 
(Figure 7). In each group, the contents of major element oxides such as Fe2O3t, 
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TiO2, Na2O K2O MnO, and P2O5 decrease with increasing MgO (Figures 7(a)-(f)), 
while those of Al2O3 and CaO increase with increasing MgO (Figure 7(g), Fig-
ure 7(h)). The samples of group I show no variation in SiO2 content, while those 
of group II display negative correlation in SiO2 content with MgO (Figure 7(i)). 

4.2.2. Trace Elements 
The concentrations of transition elements of the dolerites, in particular Cr, Ni, V 
and Co are 100 - 380 ppm, 38 - 114 ppm, 133 - 272 ppm and 26.30 - 50.90 re-
spectively (Table 1). The two groups of dolerites are also distinguished by their 
REE, Ba, Nb, Zr, La and Hf contents which are relatively higher in group I than 
in group II. Group II, on the other hand, has higher Sc, Ni and Cr contents com-
pare to Group I (Table 2, Figure 8). In each group, the contents of Sc, Ni, Cr  

 

 
Figure 7. Harker diagrams of major elements versus MgO. Sample PletM2 which seem to be 
contaminated is identified in some diagrams. 
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Figure 8. Harker diagrams of trace elements versus MgO (a-i) and characterization of geologic 
processes (fractional crystallization and partial melting) of the analyzed diorites using La/Sm 
versus La diagram (j). Sample PletM2 is identified and removed in other diagrams. 

 
and Sr exhibit positive correlation with MgO (Figures 8(a)-(d)), while Ba, Nb, 
La, Zr and Th show negative correlation with MgO (Figures 8(e)-(i)). Figure 
9(a) and Figure 9(c) are Chondrite normalized [33] REE patterns for samples 
from Figuil and Léré. According to chondrite normalized (La/Yb)N ratio, these 
patterns are generally similar and characterized by the fractionation of Light REE 
relative to Heavy REE. The dolerites of group I exhibit relatively high (La/Yb)N 
ratios (8.24 - 10.01) whereas the group II show low values of (La/Yb)N ratios (3.23 - 
8.71). The rocks also show slightly negative Eu anomalies for group I dolerites 
(Eu/Eu* = 0.89 - 0.96) to somewhat negative to positive Eu anomalies for group 
II dolerites (Eu/Eu* = 0.86 - 1.06). The Primitive mantle normalized (Sun and 
McDonough, 1989) patterns show a negative anomalies in Th, Sm, Ti and positive 
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Figure 9. Chondrite-normalized REE patterns for dolerite of group I (a) and group II (c). Primitive mantle-normalized mul-
ti-element patterns for dolerite of group I (b) and group II (d). Normalizing values data are from [33]. The gray part of the dia-
grams represents dolerites of Mayo Oulo-Lere [10], Biden [61], Maham, Kendem, Dschang, Mnajo and Banganté [6] [60] and of 
Mbaoussi [7] which are added for comparison. 
 

anomalies in Ba, Zr and Th for dolerites of group I (Figure 9(b)). There is a pos-
itive anomalies in K, Zr, Hf and negative anomalies in Ti, Th and Sm for group II 
dolerites (Figure 9(d)). The dolerites of group II also display negative to slightly 
positive Nb–Ta anomalies (Nb/Nb* = 0.20 - 1.23); these negative anomalies are 
most important in group II dolerite (Figure 9(d), Table 2). 

5. Discussion 
Petrogenesis of Léré and Figuil Dolerites 

1) Fractional crystallization and crustal contamination 
The contents of Ni, Cr and Co for dolerites from Léré and Figuil are in equili-

brium with mantle peridotites [34] or far from the probable composition of melts 
equivalent to primitive mantle (Ni: 300 - 400 ppm, Cr: 300 - 500 ppm, Co; 50 - 
70 ppm, Mg#: 68 - 72, [35] [36]. These characteristics suggest that they under-
went extensive fractional crystallization from parental magmas either en route to 
the surface or in magma chambers [37]. 

The observed behavior of trace elements and major element oxides of dolerites 
are reliable with the crystallization of Fe-Ti oxide, clinopyroxene, and plagioclase 
which are the most important mineral phases. The constant decrease in Fe2O3t and 
TiO2 when plotted against MgO (Figure 7(a), Figure 7(b)), shows a stage of frac-
tionation of Fe-Ti oxides during the cooling of the magma. The crystallization of 
olivine and clinopyroxene is expressed by a decrease in Sc, Ni, Cr and CaO (Figure 
7(h) and Figures 8(a)-(c)) concentrations with decreasing MgO contents. The 
constant increase of Al2O3 concentrations throughout nearly all the fractionation 
process shows that plagioclase was not a significant crystallizing phase during 
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the differentiation of magma. This is also reliable with the absence or slight Sr or 
Eu depletion or negative anomalies even in the most differentiated samples (Figure 
9). Nevertheless, the negative correlation of SiO2 content with MgO observed in 
group II dolerites may be linked to the presence of plagioclase as seen in the thin 
section (FcvM1, Figure 2(h)). But this plagioclase is a xenocrystal and is there-
fore not linked to doleritic magma. The inconsiderable negative correlation of 
Na2O and K2O with MgO associated to large variation of Y/Nb (0.71 - 3.59) and 
nearly constant Ba/La (12.37 - 19.44) demonstrate that there are no crystalliza-
tion of alkali feldspar [38] [39]. Low amounts of Σ REE (100.9 - 252.4 ppm) 
combined with slightly negative or positive Eu anomaly is attributed to the crys-
tallization of amphibole, apatite and/or plagioclase [40]. Nb negative anomaly in 
most dolerite samples of group II (Figure 10) could evidence the presence of 
amphibole in the metasomatized mantle [41]. The ratio (La/Yb)N varies between 
3.38 and 14.24 showing a clear indication of REE fractionation. The (Ce/Sm)N 
ratio varies between 1.50 and 2.41 and (Eu/Yb)N between 1.81 and 2.93 all fluc-
tuate in comparable ways and suggest a crystallization of minerals that including 
LREE (apatite) likewise for those integrate HREE in their crystalline structures 
(sphene). Diagrams of ratios of high to slightly incompatible elements La/Sm ver-
sus incompatible elements La (Figure 8(j)), produce almost linear depicting for 
fractional crystallization and high gradient lines showing partial melting [42]. 

Fractional crystallization process was possibly combined with minor crustal 
contamination as shown by enrichment of Th/Yb from group II to group I that 
might be due to turbulent emplacement (Figure 11, [43]). This has been observed 
in other continental tholeiites worldwide [44]-[51]. Through assimilation and frac-
tional crystallization processes, magmas progression en route to the surface, evolv-
ing through fractionation, would have assimilated fragments of continental crust.  

 

 
Figure 10. Nb/Y vs. Rb/Y after Cox and Hawkesworth [51] and Leeman and Hawkes-
worth [53] showing basement samples relative to the dolerite compositions. Data for 
Precambrian basement are from Sep Nlomngan et al. [40]. 
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Figure 11. Th/Yb vs. Ta/Yb diagram (after [43] Pearce, 1982). S: enrichment related to 
subduction zone; C: crustal contamination; W: intra plate enrichment; F: fractional crys-
tallization; TH: tholeiitic; CA: calc-alkaline; SHO: shoshonitic. 
 

With higher concentrations of incompatible elements and LREE, group I dole-
rites (ΣREE: 126.4 - 208 ppm) resulted from group II (ΣREE: 73.2 - 114.6 ppm) 
through continuous crystallization of its mineral phases. 

The Rb/Y vs. Nb/Y diagram of Cox and Hawkesworth [52] and Leeman and 
Hawkesworth [53] can also be used to monitor the impact of the crustal assimi-
lation over fractional crystallization on magma compositions. The dolerites of 
Figuil and Léré have low Rb/Y ratios (0.45 - 1.24) compare to high values (2.54 - 
7.64) of this ratio in Pan-African granitoids of this area, suggesting a limited ef-
fect of crustal contamination (Figure 10). Only one sample of dolerite of group II 
(PletM2) seem to be really contaminated because it is in the field of basement 
rocks. The group 1 dolerites which are most far away from the granitoids field ap-
pear to be the least contaminated. This point of view is supported by the pres-
ence of more marked Nb-Ta negative spikes in group II dolerites (Figure (9d)) 
suggesting somewhat significant crustal contamination [54]. 

2) Mantle source and melting 
The studied doleritic magma migrated through continental Pan African gra-

nitoid and thus the origin of the dolerite from the melting of the continental crust 
cannot be excluded. Nevertheless, incompatible trace elements ratios, principally 
Rb/Zr and Ba/Nb (LILE/HFSE) are greater in the Pan-African granitoids rocks 
from Boula Ibi (North Cameroun) (0.12 - 4.13 and 28.11 - 245.18, respectively; 
[40]) than those of Léré and figuil dolerites (0.05 - 0.11 and 14.02 - 24.1) and 
therefore preclude the derivation of the studied dolerites directly from the melting 
of the continental crust. During anatexis of the continental crust, LILE are more 
compatible than HFSE, this is the reason why Melting of rocks from the continen-
tal crust preserve or increase rations of LILE/HFSE [55] [56] [57]. Low (Ce/Yb)N 
values (3.3 - 11.58) suggest fairly high partial melting degree of the source. 
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The ratios of Zr/Hf and Nb/Ta of dolerites of group I (39.89 - 43.08 and 16.27 
- 18.07), respectively) are comparable to those of group II (37.57 - 42.42 and 
15.17 - 19.60), respectively), signifying that both series are co-genetic. 

The existence of garnet in the mantle source is justified by the general deple-
tion of HREE and LREE enrichment (Assah et al., 2015). (La/Yb)N ratios (nor-
malizing values of Sun and MCDonough [33] respectively La = 0.237 and Yb = 
0.17 ppm) are generally used to discriminate spinel-rich and garnet mantle sources: 
ratios > 5 identify garnet-bearing mantle, while ratios < 5 identify spinel-bearing 
mantle [58]. Most dolerite samples show higher REE concentrations and (La/Yb)N 
ratios fluctuating from 8.71 to 27.59 characterizing a garnet-bearing mantle. The 
nature of doleritic magma source is also supported by their (Tb/Yb)N > 1.9 (1.95 - 
2.85) and Dy/Yb > 2 (2.27 - 2.85) ratios of most samples which suggests melting 
in a garnet-bearing mantle [58] [59]. Only two samples (ZiM2 and PmeM2) of 
group II dolerite belong to spinel-bearing mantle with (La/Yb)N, (Tb/Yb)N and 
Dy/Yb ratios of 3.38, ≤1.62 and ≤1.96 respectively. 

3) Geotectonic Context 
In the AFM diagram of Ivrine and Baragar [31], the analyzed samples are classi-

fied in tholeiitic series (Figure 5). This geotectonic context is confirmed by a bi-
nary Zr/Y vs. Zr diagram of geotectonic discrimination [60] of basaltic rocks 
where the dolerites are plot in within-plate basalts field (Figure 12(a)). The Nb-Zr-Y 
triangular diagram of Meschede [61] which also proposed the geotectonic con-
text of basaltic rocks (Figure 12(b)) defines the dolerites of Figuil and Léré as 
within-plates basaltic rocks with group II dolerite compositions fall within the 
field of tholeiitic basalts (AI and C) and group I within the field of alkali basalts 
(AI). Only sample PletM2 is not classify in the two diagrams. 

 

 
Figure 12. (a) Zr/Y vs. Zr diagram of basaltic rocks [58] (Pearce, 1979) showing the localisation of the studied dolerites in the field 
of within-plate basalts. (b) Zr/4-2Nb-Y ternary diagram of Meschede [59] showing the geotectonic context of figuil and Léré dole-
rites. AI: Within-plate alkali basalts; AII: Within-plate alkali basalts and Within-plate tholeiite; B: E-type MORB; C: Within-plate 
tholeiite and volcanic arc basalt; D: N-type MORB and volcanic arc basalt. 
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Figuil and Léré dolerites resemble other dolerites described as continental 
tholeiites in Cameroon, e.g. at Dschang, Bangangté and Manjo [62], Biden [63], 
Mbaoussi [7], Bafoussam [5], Mayo Oulo-Léré and Babouri-Figuil [10]. 

6. Conclusion 

Dolerites of Figuil and Léré are alkaline and exhibit basaltic compositions which 
are basanite tephrite and basalt; only one sample is a trachy-andesite. Based on 
the mineralogical composition and geochemical studies, two distinct groups of 
dolerites are identified: 1) the group of pyrite calcite bearing dolerites and pyrite 
bearing dolerites with alkali feldspars rich basement rock enclaves and 2) the 
group of pyrite bearing dolerites and amphibole titanite bearing dolerites. The 
mineralogical assemblage of these dolerites of alkaline composition consists of 
plagioclases, pyroxenes, oxides, amphibole, apatite, biotite and sometimes pyrite 
and calcite. The two groups of dolerites are also discriminated by their TiO2, 
Fe2O3, REE, Ba, Nb, Zr, La and Hf contents which are relatively higher in group I 
than in group II. Group II, on the other hand, has higher MgO, Mg#, Sc, Ni and 
Cr contents compare to Group I. Figuil and Léré dolerites comprise two coge-
netic groups and constitute a series evolving by fractional crystallization with some 
contribution of the continental crust. With higher concentrations of incompati-
ble elements and LREE, group I dolerites resulted from group II through conti-
nuous crystallization of its mineral phases. The higher REE contents and (La/Yb)N > 
8.7, (Tb/Yb)N > 1.9 and Dy/Yb > 2 ratios characterize a garnet-bearing mantle. 
The continental tholeiitic signature of the studied dolerites is highlighted in geo-
tectonic discrimination diagrams and also confirms the tholeiitic nature of Ca-
meroon dolerites.  
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