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Abstract 
This study focuses on the metabasite rocks of the Nemba Complex of the 
Mayombe belt, an African segment of Araçuaï-West Congo Orogen (A-WCO) 
extending from the southwest of Gabon to the northwest of Angola. These 
metabasite rocks outcrops are in southwestern Congo along the Loukounga 
river. The Nemba complex is of Neoproterozoic age and represents the lower 
part of the west congolian Supergroup. The objective of this study is to con-
strain the geodynamic context of the Nemba complex from the petrology and 
geochemistry of the metabasites sampled in the Loukounga River. The ob-
served rocks are composed of amphibolites, metagabbros, epidotites and 
greenschists and are affected by folding accompanied by flux schistosity and 
crenulation schistosity. Geochemical analyzes show that the rocks have a ba-
sic to ultrabasic chemical composition with SiO2 contents between 41.85% 
and 58.23%. The geochemical composition of the major and traces elements 
shows that the rocks are basalts, basaltic andesites and andesites. The magma 
shows enrichment in LREE, LILE and depletion in HREE and HFSE. The 
multielement spectra show negative anomalies in Nb-Ta, Ti and a relatively 
low Nb/La ratio which characterize a lithospheric source contaminated by 
continental crust. Traces elements discrimination plots show that Loukounga 
metabasites are emplaced in intraplate geodynamic context like that asso-
ciated with the basalts of the trap-types continental shelves and are possibly 
derived from mantle plumes contemporaneous with or slightly prior to 
magmatism. 
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1. Introduction 

The Mayombe belt is the African segment of the Araçuaï-West Congo Orogen 
(A-WCO) known from eastern Brazil to the west central Africa Atlantic margin. 
It extends from the southwest of Gabon to the northwest of Angola at around 
1400 km of long and at around 100 to 150 km large [1]-[9] (Figure 1). The  
 

 
Figure 1. Geological map of archean to phanerozoic formations in the western part of 
central Africa (modified after [5] [6] and [8] by [12]. 
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Mayombe belt is composed of assemblage of two or three tectono-metamorphism 
domains from west to east: the internal, intermediate and external domains [4] 
[5] [6] [7] [8] [10] [11] [12] in which appear progressively the older to younger 
formations.  

The internal domain is formed by paleoproterozoic units composed of gneiss, 
quartzites, meta-sandstone, schist, metabasites and meta-volcanites rocks [5] [8] 
[11] [13]. The intermediate and external domains are made of the neoprotero-
zoic west congolian Supergroup. The intermediate domain is constituted by the 
lower part of the west congolian Supergroup and contains siliciclastic, volcanoc-
lastic and metabasite basic rocks. These metabasites represent a large formation 
called Nemba Complex. The external domain is composed of the deformed up-
per part of the west congolian Supergroup made of siliciclastic, physico-chemical 
and glacial neoproterozoic formation. These formations take also part in the 
Niari-Nyanga foreland basin where they become on subtabular position on the 
Chaillu craton, a fragment of the large Congo craton.  

This study is focused on the metabasite rocks (or greenstones) outcropping in 
Loukounga river in the southwestern part of the Mayombe belt which can be at-
tached to Nemba Complex whose geodynamic context is controversial. Green-
stones are important landmarks in Precambrian blocks and are integral to con-
tinental rifting and collision zones. It is one of the important indicators of crus-
tal stabilization events, assembly and dispersal of supercontinents. They are also 
thought to be valuable time markers, as they record the rate of intraplate mantle 
melting events over time. The metabasites (or greenstones) of Nemba Complex 
are considered as an intraplate volcanic coeval of rifting and fragmentation of 
Rodinia supercontinent [6] [11] [14] and deformed during panafrican event or 
as an oceanic crust involved in collisional kibarian event [15]. The metabasites 
rocks of Loukounga River can be attached to the Nemba Complex outcrops near 
the paleoproterozoic gneiss and micaschists of Loukoula Group in Congo. Thus, 
the study of these metabasites (or greenstone) of Loukounga aims to characterize 
the petrogenesis and the geodynamic context and to contribute to scientific 
knowledge of Nemba complex.  

2. Geological Setting 

The studied rocks are situated in the median part of the Mayombe belt and out-
crops in the Loukounga River situated in Mbéna locality of Congo Republic 
(Figure 2). 

2.1. Lithostratigraphy of the West Congolian Supergroup of the  
Mayombe Belt 

The internal domain is composed by three distinct palaeoproterozoic units [8] 
[11] (Figure 3): 1) the Loémé Unit outcropping in the southern part of the belt. 
It is composed of schists, ortho and para gneiss intruded by the Bilinga and Bi-
lala metagranitoids whose ages U-Pb on zircon, ID-TIMS are respectively 2048 ±  
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Figure 2. Extract of the portion of the Mayombe belt and coastal basin formations showing Lou-
kounga point studied and Mbéna area on the geological map of [3]. 

 
12 Ma and 2014 ± 56 Ma [8] [16] and U/Pb on zircon, SIMS age is 2028 ± 12 Ma 
[11]; 2) the Loukoula Unit outcropping in the northern part of the belt contains 
para and orthogneiss, micaschists, schists, amphibolites and quartzites cut local-
ly by Les Saras granodiorite plutons and dolerite dykes. Les Saras granodiorite 
yielded U/Pb zircon age of 1920 ± 10 Ma, TE-TIMS [17] and 2000 ± 80 Ma, 
ID-TIMS [5], and 2038 ± 10 Ma, SIMS [11]; 3) the Bikossi Unit is composed es-
sentially by quartzite and contains locally conglomeratic level, micaschists, sch-
ists and amphibolites [3] [4] [8] [10] [11] [15]. 

Detrital zircon geochronology in the quartzite yielded age of sources between 
2.20 Ga to 2.00 Ga [8] and 3.08 Ga to 2.04 Ga [11]. This unit is cut by Mont 
Kanda and Mfoubou granites which yield respectively ages of 928 to 932, U-Pb 
zircon, LA-ICP-MS [11] and 1050 ± 25 Ma, U-Pb zircon, ID-TIMS [16]. 
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Figure 3. Simplified lithostratigraphy of the west congolian Supergroup of the Mayombe 
belt from [11]. 

 
In the Araçuaï belt in Brazil, the internal domain is represented by the paleo- 

mesoproterozoic Espinhaço Supergroup composed of vulcanite, quartz-sandstone, 
conglomerate, pelite, and subordinate carbonate [18] [19] [20] deposited at 
around 1.75 Ga [21]. 

The intermediate domain is represented by the lower part of the west congo-
lian Supergroup [6] [11] (Figure 3). It comprises: 1) the Sounda Group con-
taining the Nemba Complex Subgroup composed of metagabbros, metabasalts, 
amphibolites and greenschists and dated at 915 ± 8 Ma, U-Pb zircon [11]. Simi-
lar basic magmatic rocks, the Gangila basic rocks of the Zadinian Group in RD 
Congo yielded age comprise between 999 ± 7 Ma and 920 ± 8 Ma. [6]. The me-
tabasite rocks of the Nemba Complex are considered derived from tholeiitic lava 
flows containing pillow structures [15] or a continental tholeiitic rift magma 
[11] [14]; 2) the Kakamoeka Subgroup, or Mayumbian Group of RD Congo, 
composed of conglomerates, quartzites, graphitic schists, ignimbrites, rhyolites, 
tuffs, metabasic rocks and yielded age between 920 ± 8 Ma and 912 ± 7 Ma [6]; 
3) the Mvouti Subgroup constituted of chlorito-schists, ampelitics schists, qua-
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rtzites, meta-sandstones and meta-arkoses; 4) the Moussouva Subgroup com-
posed of quartzites and schists. The lower part of west congolian Supergroup is 
considered as an aulacogen deposit [4] or a syn-rift sequences [11]. 

The external domain is represented by the upper west congolian Supergroup 
(Figure 3). It comprises the lower Diamictite (or Tillite) composed by glaci-
ogenic [3] [4] [8] [22] or a mud flow deposits [2] [11] [23] constituted by black 
calcareous shale containing heterogeneous, heterometric and heteromorphic 
pebbles and boulders. An intercalation of basic magmatic rocks is described in 
RD Congo. It is underlaid by the Louila Subgroup composed of meta-sandstones, 
locally conglomeratic, quartzites, quartzo-schists and schists with intercalation 
of limestones and calcschists [3] [4] [8] [11] [22]. The Louila formation is over-
come by the glacio-marine upper Diamictite formation [4] of marinoan age [24]. 
In the top, the Schisto-calcaire Group made of thick carbonated platform depo-
sits [3] [23] [25] [26] [27] contains shales and siltstones intercalations and his 
folded outcrops area constituted the transitional zone with the subtabular depo-
sits of the Niari-Nyanga basin. The upper west congolian Supergroup is consi-
dered as a passive margin deposit [11]. 

In Araçuaï orogen, neoproterozoic sediments is represented by the Macaubas 
Group whose age is situated between 1000 Ma and 850 Ma [28] [29]. The sedi-
ments took place in rift basin which evolved into an arrow ocean basin [30]. The 
Macaubas Group contains in the lower part a tillite (or diamictite), sandstones, 
pelites, and subordinate basic volcanics. It passes in the east and south of the belt 
to thick sequences of distal pelites with intercalations of sandy turbidites [29] 
[31] and an ophiolitic assemblage, composed of basalt, chert, banded-iron for-
mation, gabbro, plagiogranite, and ultramafics rocks. Mafic rocks of the assem-
blage yield a Sm-Nd isochron age of 816 ± 72 Ma (with εNd = +3.8), interpreted 
as the time of magmatic crystallization [32]. 

2.2. Deformation and Metamorphism 

The deformation and the metamorphism in the Mayombe belt decrease from the 
internal domain to the external domain. They whole domains are affected by 
thrust faults with northeast vergence. 

In the intermediate and external domains two deformations phases oriented 
roughly NW-SE are observed. The first phase in the west of the intermediate 
domain is marked by isoclinal folds with an eastern vergence and penetrative 
cleavage schistosity (S1) and become right folds in the external domain. The 
second phase is characterized by right fold slightly verged bearing a strong cre-
nulation schistosity (S2) in the intermediate domain. This crenulation schistosity 
(S2) becomes discrete in the external domain. These two phases of deformation 
are attributed to panafrican events [4] [5] [8] [10] [11] [33]. 

The metamorphism is amphibolite facies in internal domain [10] [11] [12] 
and decrease to greenschists facies in the intermediate domain and passes to 
anchizone facies in the external domain at the limit of the Niari-Nyanga basin 
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[11]. 
In the internal domain, the palaeoproterozoic basement is affected by strong 

crenulation schistosity (S2) oriented NW-SE which refolds paragneissic foliation 
[4] [8] [10] [11] [12] [33]. Locally crenulation schistosity (S3) oriented NE-SW is 
described in Loeme unit [4]. The foliation of paleoproterozoic formation is at-
tributed to eburnean event [4] [10] [11] [12] and the crenulation schistosity (S2) 
is from panafrican event [4] [12]. 

3. Material and Method 
3.1. Sampling 

The samples are collected at the western part of the Mayombe belt (Figure 2) in 
the Loukounga River near the Mbéna area. This zone is characterized by the 
passage of paleoproterozoic unit to neoproterozoic formations. Basics samples 
collected are attributed to Neoproterozoic Nemba Complex. Fine sections of se-
lected samples for petrological determination are confectioned in laboratory of 
the fine sections of University of Rennes 2, France. 

3.2. Analytical Method 

Geochemical analyses of major, trace and rare earth elements were done to eva-
luate the petrogenesis of rocks. Major, trace and rare earth elements were deter-
mined on selection samples without sign of weathering and/or a slight hydro-
thermal overprint. Samples are powdered and placed in fusion with LiBO2 and 
dilute by HNO3 and performed by inductively coupled plasma-mass spectrome-
try (ICP-MS) and inductively coupled plasma atomic emission spectrometry 
(ICP-OES) in the “Centre de Recherches Pétrographique et Géochimique” 
(CRPG) of Nancy, France. The quality control is realized with international 
geostandards. 

4. Results 
4.1. Macroscopic Description 

The rock outcrops along the Loukounga river and are made of paragneiss, mica-
schists amphibolites, metagabbros, and greenschists (Figure 4).  

Paragneiss (Figure 4(a)) are composed of an alternating millimetric to centi-
metric rich biotite levels and rich quartzo-feldspathic levels. They are attributed 
to paleoproterozoic unit which constituted the basement of the Mayombe belt. 
Amphibolites (Figure 4(a)) are found locally in contact with paleoproterozoic 
paragneiss of Loukoula unit. In some places they are massive but are generally 
strongly deformed with cleavage schistosity (S1) and discrete crenulation schis-
tosity (S2) and shows right fold accompanied of thrusting movement (Figure 
4(b)). Metagabbros (Figure 4(c)) are in massive lenticular corps surrounded by 
fine matrix made of greenschist. Micaschists (Figure 4(d)) are in alternation 
with chloritoschists and bear crenulation schistosity. The whole rocks are locally 
affected by quartz and calcite veins that run parallel to the schistosity. 
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Figure 4. Outcrops of paragneiss of Loukoula Unit and metabasite rocks of Loukounga. (a) Contact between paragneiss of Lou-
koula and amphibolite of Nemba Complex; (b) Folded amphibolite showing a small thrust movement; (c) lenticulars gabbro 
boulders within cleavage fine greenschists; (d) alternating micaschists and fine greenschists. 

4.2. Microscopic Description 

Metabasites rocks of Loukounga are studied on fine sections and some examples 
presented in Figure 5.  

Metagabbros are represented by samples Louk 30b (Figure 5(e)) and Louk 32 
(Figure 5(f)). They are made of actinote, hornblende, epidote, plagioclase, 
sphene, pyroxene, zircon and rare opaque. The pyroxenes are pseudomorphozed 
on green amphibole which line plagioclase crystals relics. Plagioclases are often 
saussuritized on epidote and locally contain epidote, quartz and calcite intru-
sions. The textures are varied from nematogranoblatic, lepidogranoblastic to le-
pidoblastic. 

Epidotites are made of pistachite, plagioclase, chlorite, biotite, pyroxene, acti-
note and opaque minerals (Figure 5(g), Figure 5(h)) in variable proportions. 
They contain veins or amygdales composed of epidote, quartz, calcite and chlo-
ritized biotite, often oriented along schistosity. Epidote is either in fine crystals 
either in porphyroclastes moulded in the schistosity. The textures observed are  
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Figure 5. Microscopic pictures from metabasite rocks of Loukounga. Amphibolites ((a) 
Louk 09, (b) Louk 20); greenschists ((c) Louk07, (d) Louk 14); metagabbros ((e) Louk 
30b, (f) Louk 32); Epidotite ((g) Louk 01, (h) Louk 25): Act-actinote, Pl-plagioclase, 
Ep-epidote, Chl-chlorite, Bt-biotite, Qz-quartz, Hbl-hornblende, Sp-spinel, Ap-apatite, 
Px-pyroxene, Op-opaque. 
 
granoblastic and grano-lepidoblastic and in some places it becomes mylonite 
type. 
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4.3. Geochemistry and Petrographic Classification 

26 samples from metabasites of Loukounga are analysed and their results pre-
sented in Table 1. Major elements give value SiO2 (41.85% - 58.23%), Al2O3 
(13.35% - 19.14%), MgO (2.03% - 7.11%), CaO (4.13% - 12.61%), Na2O (0.45% - 
6.68%) and TiO2 (1.07% - 2.69%). 
 

Table 1. (a) Analytical results of major elements and trace elements of samples of epidotite, amphibolite and shales (3 samples); 
(b) Analytical results of major elements and trace elements of the samples from the shales (7 samples) and the metagabbros. 

(a) 

Simple 
No 

LO01 LO08 LO25 LO06 LO03a LO04 LO45 LO11 LO02 LO2a LO12a LO12b LO16 

Epidotite Amphibolite Schist 

SiO2 47.25 48.11 49.76 51.26 46.68 42.37 48.38 50.97 51.94 52.15 42.04 45.61 49.07 

Al2O3 19.14 17.02 15.19 14.98 18.39 17.43 16.48 16.74 16.45 16.54 16.64 14.88 16.73 

Fe2O3 11.17 11.54 14.97 12.87 11.65 14.54 10.46 9.89 9.49 9.44 15.62 16.47 10.34 

MnO 0.18 0.27 0.36 0.37 0.19 0.25 0.23 0.18 0.17 0.17 0.27 0.20 0.20 

MgO 3.88 3.41 2.03 3.16 5.82 6.97 7.08 6.47 6.03 5.96 4.74 5.47 5.59 

CaO 9.50 11.81 11.12 11.82 7.27 10.33 5.70 6.33 6.44 6.59 10.63 6.55 6.11 

Na2O 4.00 2.40 1.46 0.57 4.09 2.46 4.81 5.06 5.18 5.22 3.00 4.56 5.64 

K2O 0.46 0.11 1.78 0.30 0.89 0.44 0.74 0.58 0.55 0.53 0.10 0.10 0.14 

TiO2 1.21 1.52 1.31 1.13 1.31 1.37 1.68 1.12 1.10 1.11 1.85 2.29 2.46 

P2O5 0.11 0.20 0.69 0.31 0.29 0.20 0.29 0.25 0.27 0.27 0.38 0.38 0.37 

PF 2.98 2.93 1.12 3.49 3.09 3.33 3.09 2.77 2.50 2.18 3.95 2.63 2.84 

Total 99.88 99.33 99.79 100.24 99.68 99.67 98.93 100.34 100.12 100.16 99.21 99.13 99.49 

As 2.32 1.98 0.86 2.41 1.50 2.56 0.62 0.59 1.01 0.98 1.23 0.85 0.88 

Ba 144 91.7 491 163 357 148 450 213 203 193 74.9 17.5 40.8 

Be 0.25 0.55 1.17 0.54 0.29 0.56 1.28 0.54 0.59 0.55 0.40 0.85 1.00 

Bi 0.05 0.08 0.20 1.17 0.05 0.06 0.5 0.5 0.5 0.16 0.05 0.5 0.5 

Cd 0.11 0.24 0.48 0.61 0.12 0.14 0.34 0.15 0.14 0.13 0.20 0.10 0.12 

Co 40.6 39.7 23.4 16.8 42.0 53.3 38.4 39.7 36.8 36.1 45.4 51.8 52.7 

Cr 90.7 80.6 6.2 37.2 69.1 85.4 213 58.4 56.6 57.4 94.1 102 56.9 

Cs 0.31 0.06 1.40 0.19 0.50 0.32 0.49 0.30 0.28 0.27 0.05 0.04 0.07 

Cu 13.9 6.0 7.9 27.6 7.6 10.4 3.7 0.5 4.1 6.3 5.6 2.1 0.5 

Ga 20.8 26.7 26.4 26.8 21.3 24.5 19.8 17.2 16.3 16.4 25.4 18.4 21.7 

Ge 2.51 2.89 3.88 3.71 2.20 2.62 2.10 1.83 1.76 1.89 2.83 1.92 2.10 

Hf 2.61 5.46 6.54 5.02 3.73 3.40 9.56 3.09 3.20 3.24 3.09 3.56 4.58 

In 0.08 0.13 0.12 0.16 0.10 0.10 0.11 0.08 0.07 0.08 0.11 0.07 0.11 

Mo 0.74 0.5 0.5 0.62 0.5 0.64 0.5 0.5 0.5 0.5 0.53 0.5 0.5 

Nb 7.23 19.9 11.3 11.1 9.02 7.98 28.4 7.48 7.18 7.26 15.3 18.0 17.2 

Ni 120 70.8 15.0 36.2 98.3 111 161 75.3 72.8 70.5 73.3 73.9 71.7 
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Continued 

Pb 56.6 41.9 187 66.8 40.8 50.4 47.7 22.0 22.6 24.0 25.1 13.3 17.6 

Rb 14.1 4.48 48.1 9.45 23.7 11.5 19.8 14.7 14.1 13.6 2.93 1.76 2.54 

Sb 0.90 0.80 0.58 0.68 0.70 0.86 0.65 0.43 0.43 0.48 0.70 0.63 0.73 

Sc 31.99 23.47 59.84 32.85 44.59 38.74 34.33 37.24 37.01 38.01 30.67 33.47 34.56 

Sn 1.37 2.42 2.14 1.31 1.19 1.29 3.30 0.73 0.84 0.87 1.35 1.07 1.36 

Ta 723 915 468 637 391 454 176 234 233 252 760 322 304 

Sr 0.49 1.37 0.80 0.71 0.66 0.56 2.20 0.54 0.51 0.53 0.95 1.17 1.15 

Th 0.84 4.00 9.71 3. 39 1.54 1.40 1.81 1.22 1.24 1.28 1.81 2.20 3.74 

U 0.36 0.79 1.82 0.49 0.35 0.29 0.44 0.64 0.57 0.60 0.31 0.32 0.51 

V 106 208 369 208 184 218 157 139 134 133 250 228 152 

Y 29.8 43.5 52.0 38.5 33.0 30.7 52.9 27.8 27.7 28.7 35.2 34.0 38.5 

Zn 113 135 251 396 175 202 229 156 147 147 140 137 177 

Zr 110 196 248 199 141 127 403 121 120 122 125 139 181 

La 13.0 29.5 51.2 38.9 23.2 21.7 29.1 19.4 19.9 20.9 25.0 20.9 29.2 

Ce 25.8 61.1 104 72.4 45.7 41.2 71.6 37.3 38.5 40.2 50.0 43.7 61.6 

Pr 3.52 7.65 12.3 8.34 5.54 5.03 10.3 4.55 4.70 4.91 6.33 5.42 7.54 

Nd 15.5 32.9 49.0 34.3 23.5 21.2 46.6 19.1 20.2 20.9 26.4 23.1 31.8 

Sm 4.19 7.87 10.3 7.43 5.65 5.16 11.7 4.63 4.80 4.93 5.95 5.59 7.55 

Eu 1.51 2.31 2.72 2.39 2.06 1.83 3.37 1.64 1.56 1.64 2.37 1.78 2.49 

Gd 4.59 7.86 9.75 7.44 5.84 5.42 10.5 4.81 4.79 4.98 6.17 5.67 7.48 

Tb 0.795 1.26 1.55 1.15 0.990 0.879 1.70 0.807 0.831 0.854 0.966 0.940 1.20 

Dy 4.98 7.99 9.62 7.16 6.34 5.71 10.3 5.13 5.28 5.36 6.18 6.09 7.58 

Ho 1.06 1.68 2.09 1.50 1.31 1.18 2.06 1.07 1.08 1.12 1.30 1.29 1.56 

Er 2.87 4.39 5.44 3.94 3.51 3.07 5.38 2.89 2.92 2.96 3.47 3.62 4.08 

Tm 0.404 0.620 0.770 0.547 0.493 0.423 0.740 0.391 0.399 0.419 0.468 0.517 0.557 

Yb 2.63 4.12 5.10 3.65 3.16 2.81 4.87 2.64 2.65 2.67 3.13 3.57 3.68 

Lu 0.401 0.623 0.764 0.556 0.488 0.425 0.701 0.406 0.410 0.412 0.494 0.545 0.551 

Nb/Th 8.63 4.98 1.16 3.27 5.87 5.71 15.65 6.13 5.81 5.69 8.19 4.59 1.69 

Nb/La 0.56 0.67 0.22 0.29 0.39 0.37 0.98 0.39 0.36 0.35 0.86 0.59 0.31 

Zr/Y 3.69 4.5 4.78 5.17 4.28 4.14 7.62 4.33 4.35 4.23 4.08 4.7 4.56 

Zr/Nb 15.22 9.85 22.06 17.97 15.65 15.92 14.17 16.11 16.78 16.75 7.71 10.5 16.61 

Th/Ta 1.71 2.91 12.1 4.74 2.32 2.49 0.89 2.24 2.41 2.43 1.88 3.24 7.93 

Nb/Y 0.24 0.46 0.22 0.29 0.27 0.26 0.54 0.27 0.26 0.25 0.53 0.45 0.27 

Sm/Y 0.14 0.18 0.2 0.19 0.17 0.17 0.22 0.17 0.17 0.17 0.16 0.2 0.19 

La/Nb 1.8 1.48 4.55 3.5 2.58 2.72 1.02 2.59 2.77 2.88 1.16 1.7 3.23 

Th/La 0.06 0.14 0.19 0.09 0.07 0.06 0.06 0.06 0.06 0.06 0.11 0.13 0.18 
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(b) 

Sample 
No 

Lo29b Lo18b Lo22 Lo26a Lo28 Lo23 Lo07 Lo18a Lo37 Lo09 Lo42 Lo30 Lo32 

Schist metagabbro 

SiO2 51.23 49.63 56.99 58.23 42.08 47.80 48.91 41.85 46.23 46.47 48.97 53.86 57.77 

Al2O3 14.02 15.16 15.36 13.35 15.84 13.89 16.91 16.79 18.16 15.18 16.83 15.78 14.16 

Fe2O3 14.65 13.33 8.82 11.32 17.70 16.39 10.24 15.66 11.28 13.00 10.81 8.55 6.85 

MnO 0.36 0.20 0.15 0.22 0.36 0.25 0.25 0.31 0.36 0.23 0.21 0.19 0.20 

MgO 2.74 5.34 3.55 2.38 3.03 5.43 4.38 5.80 4.96 6.18 7.11 4.48 4.70 

CaO 10.34 6.67 4.13 8.76 10.72 6.40 7.00 12.61 9.80 9.05 4.77 7.31 6.46 

Na2O 0.82 4.47 6.06 2.07 2.15 3.87 5.07 0.45 4.08 3.96 5.63 6.13 6.68 

K2O 1.62 0.11 0.60 0.14 0.53 0.15 0.54 0.13 0.09 0.22 0.16 0.15 0.25 

TiO2 1.55 1.91 2.43 1.40 2.46 2.68 2.69 1.40 1.19 1.93 1.99 1.07 1.13 

P2O5 0.58 0.35 0.19 0.31 0.83 0.20 0.24 0.24 0.30 0.64 0.40 0.17 0.29 

PF 1.77 2.73 1.81 2.10 3.42 2.51 3.69 3.82 2.98 2.98 3.26 1.36 1.06 

Total 99.67 99.90 100.09 100.28 99.11 99.56 99.91 99.05 99.43 99.83 100.12 99.04 99.54 

As 1.46 0.87 0.55 2.43 5.24 1.16 1.43 2.98 0.93 1.82 0.89 0.85 0.85 

Ba 50 39.3 181 57.0 245 270 203 124 119 67.0 46.7 33.7 89.2 

Be 1.11 1.08 0.77 0.51 0.70 1.70 0.60 0.90 0.69 0.78 0.65 0.91 0.94 

Bi 0.10 0.5 0.5 0.10 0.11 0.06 0.63 0.5 0.5 0.5 0.07 0.5 0.5 

Cd 0.41 0.11 0.11 0.15 0.39 0.32 0.64 0.20 0.19 0.11 0.11 0.10 0.16 

Co 30.9 49.8 30.9 27.4 14.0 56.1 34.9 58.6 43.3 50.5 57.1 32.8 29.8 

Cr 12.0 55.0 16.2 17.3 10.7 26.7 75.2 54.5 66.6 80.2 81.1 62.7 51.4 

Cs 1.28 0.06 0.43 0.13 0.28 0.10 0.40 0.14 0.08 0.10 0.10 0.07 0.02 

Cu 28.6 2.4 3.8 38.9 67.8 6.1 50.4 3.0 2.3 6.9 2.1 2.4 3.0 

Ga 25.9 20.6 19.1 25.4 27.6 21.7 19.1 30.9 25.5 23.2 18.3 16.5 11.6 

Ge 3.59 2.30 1.76 2.91 3.68 2.44 2.01 3.58 2.44 2.24 1.56 2.05 1.53 

Hf 5.27 3.39 4.31 3.11 8.52 3.98 3.92 3.33 2.31 3.41 3.94 2.41 2.67 

In 0.11 0.09 0.09 0.09 0.12 0.10 0.09 0.10 0.08 0.08 0.06 0.06 0.03 

Mo 0.53 0.5 0.5 1.51 1.59 0.5 0.89 0.5 0.5 0.5 0.53 0.5 0.5 

Nb 12.3 13.0 13.7 10.3 23.2 14.0 15.7 10.6 4.77 20.4 7.28 4.67 4.81 

Ni 26.0 68.4 33.8 30.4 18.4 62.9 58.4 85.7 146 80.0 177 124 154 

Pb 16 18.3 19.6 57.3 115 35.9 23.6 31.5 60.7 26.2 25.8 39.0 31.3 

Rb 45.3 2.70 16.2 5.74 12.1 6.38 17.2 5.43 2.57 5.49 4.25 3.01 2.93 

Sb 0.67 0.67 0.73 0.87 0.75 1.10 0.70 0.64 1.15 1.06 0.96 0.71 0.66 

Sc 51.24 36.66 34.72 30.96 64.93 46.80 38.34 23.65 21.93 31.73 29.09 23.64 20.93 

Sn 2.27 1.38 1.70 2.08 2.40 1.98 1.42 1.22 1.01 1.02 1.29 0.94 1.00 

Ta 482 403 203 539 558 340 220 902 725 555 217 540 266 

Sr 0.92 0.84 1.01 0.83 2.05 0.98 1.00 0.75 0.29 1.12 0.47 0.29 0.30 
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Continued 

Th 7.29 1.65 1.30 2.71 12.3 1.39 1.50 2.32 0.47 2.19 0.81 0.57 0.53 

U 1.45 0.30 0.28 0.67 2.04 0.31 0.28 0.37 0.13 0.45 0.15 0.11 0.09 

V 362 231 194 268 380 320 220 204 247 220 206 159 137 

Y 44.9 32.4 33.4 31.3 53.5 35.1 36.4 28.3 25.3 27.9 29.1 21.2 17.3 

Zn 271 161 156 106 208 245 472 202 252 158 371 190 201 

Zr 205 131 158 119 331 148 152 129 87.8 140 151 97.3 105 

La 39.7 19.7 18.5 25.4 59.7 19.9 18.1 24.6 16.4 27.1 19.3 15.8 13.8 

Ce 81.8 42.5 39.4 52.0 124 42.2 36.9 51.5 34.8 53.7 42.1 33.8 29.1 

Pr 9.74 5.45 5.27 6.37 14.5 5.76 4.75 6.22 4.45 6.41 5.41 4.30 3.79 

Nd 39.1 23.5 23.0 26.0 57.1 26.2 20.9 25.7 19.2 26.2 22.8 18.4 15.5 

Sm 8.37 5.83 5.69 5.70 11.7 6.37 5.54 5.83 4.40 5.61 5.42 4.21 3.62 

Eu 2.30 1.99 2.08 1.74 2.75 2.21 2.01 2.17 1.77 2.26 1.55 1.39 0.977 

Gd 7.95 5.84 5.72 5.48 10.6 6.18 5.87 5.79 4.42 5.47 5.22 4.16 3.39 

Tb 1.27 0.952 0.950 0.874 1.68 1.03 1.01 0.928 0.715 0.839 0.862 0.671 0.543 

Dy 8.11 5.94 6.03 5.53 10.5 6.46 6.58 5.59 4.52 5.28 5.38 4.02 3.35 

Ho 1.72 1.28 1.33 1.19 2.14 1.42 1.40 1.13 0.942 1.10 1.14 0.826 0.684 

Er 4.73 3.28 3.53 3.15 5.75 3.72 3.76 2.92 2.48 2.85 3.02 2.10 1.85 

Tm 0.662 0.471 0.514 0.443 0.834 0.529 0.524 0.390 0.333 0.398 0.419 0.283 0.259 

Yb 4.38 3.17 3.40 3.03 5.48 3.51 3.54 2.56 2.21 2.66 2.73 1.86 1.72 

Lu 0.678 0.470 0.487 0.449 0.856 0.511 0.508 0.386 0.338 0.399 0.399 0.276 0.264 

Nb/Th 7.91 10.56 3.79 1.88 10.08 10.49 4.13 10.16 10.01 9.3 8.98 8.24 9.1 

Nb/La 0.66 0.74 0.4 0.39 0.71 0.87 0.39 0.29 0.3 0.75 0.38 0.3 0.35 

Zr/Y 4.05 4.74 3.81 6.19 4.21 4.18 3.88 3.47 4.5 5.04 5.2 4.59 6.09 

Zr/Nb 10.07 11.55 11.66 14.26 10.53 9.68 8.18 18.42 9.52 6.88 20.78 20.83 21.85 

Th/Ta 1.96 1.28 3.26 6 1.42 1.51 4 1.6 1.5 1.95 1.72 1.96 1.78 

Nb/Y 0.4 0.41 0.33 0.43 0.4 0.43 0.48 0.19 0.8 0.73 0.25 0.22 0.28 

Sm/Y 0.18 0.17 0.18 0.22 0.18 0.15 0.19 0.17 0.2 0.2 0.19 0.2 0.21 

La/Nb 1.51 1.35 2.48 2.57 1.42 1.15 2.59 3.43 2.31 1.33 2.65 3.38 2.87 

Th/La 0.08 0.07 0.11 0.21 0.07 0.08 0.09 0.03 0.06 0.08 0.04 0.04 0.04 

 
The Mg# colour index [34] is comprised between 16.2% and 43.6%. The TiO2 

concentration based of [35] [36] and [37] classifications give 19 samples with 
low Ti (TiO < 2) and 6 samples with high Ti (TiO > 2). 

The Harker diagrams (Figure 6) of mobile elements as Na, K, LILE, and Pb 
used to detect influence of weathering or low-grade metamorphism in the sam-
ples show a bad correlation between major and traces elements. In contrast, the 
high field strength elements (HFSE) relatively motionless define linear trends in 
binary element diagrams.  
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Figure 6. Harker diagrams showing bad correlation between mobile elements and rare earth elements and a positive correlation of 
the HFSE elements of metabasite rocks of Loukounga. The abscissa axis (x) corresponds to the Zr content taken as an index of 
magmatic differentiation. The ordinate axis (y) corresponds to the contents of oxides and other trace elements. The oxides are 
expressed in % weight and the trace elements are expressed in ppm. 
 

Zr/Ti-Nb/Y diagram of [38] modified by [39] (Figure 7) place samples in ba-
salts and andesitic basalts fields. The Zr/Y < 4.5 ratio of the greenschists and ep-
idotites indicate a tholeiitic basalt and the Zr/Y > 4.5 ratio of the amphibolites 
and metagabbros place the rocks in transitional basalt. The Nb/Y < 1.0 ratio 
correspond of that of a subalkaline rock. 

The composition of incompatibles traces elements is illustrated in binary  
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Figure 7. Classification of metabasites rocks of Loukounga in Nb/Y-Zr/Ti diagram of [38] [39]. 
Samples fall in basalt, andesite and basaltic andesite. 

 
diagrams normalized to chondrites and primitive mantle (Figure 8). Rare earth 
spectra of Loukounga lava normalized to Nakamura [40] chondrites (Figure 
8(a)) are subparallel in shape at HREE and slightly concave downwards at 
MREE and some samples show weak negative Eu anomalies (Eu/Eu* = 0.83 - 
0.99) and others on the other hand showing more positive anomalies in Eu 
(Eu/Eu* = 1.01 - 1.11). All samples are enriched in LREE and are characterized 
by steeper REE slopes than E-MORB (LaN/YbN: 3.67 à 6.77). Total REE con-
centrations are consistently higher in all lavas than MORBs (∑REE: 78.85 à 
264.60). 

The normalized spectrum to the N-MORB of [41] (Figure 8(b)) is marked by 
a selective enrichment in LILE (Cs, Ba, Sr) compared to HSFE (Zr, Nb, Th, Y) 
and contains a strong positive Pb anomaly and a negative Nb, K, Zr and Ti 
anomalies. The normalized spectrum to the primitive mantle of [42] shows 
enrichment in LILE and HFSE elements (Figure 8(c)). The anomaly is slightly 
negative for Ta-Nb and Ti and strongly positive for Pb. 

Traces elements are used to determine geological context. The Zr/Y-Zr dia-
gram of Pearce and Norry [43] place the rocks in within plate basaltic lavas, ex-
cept two rocks which located to the limit of MORB field (Figure 9). The Zr/Y > 
1.5 attribute the rocks to continental types of Pearce [44]. 

Zr-Th-Nb triangular diagram of Wood [45] and Nb-Zr-Y triangular diagram 
of Meschede [46] place samples in wide fields from the MORB, WPT, CAB and 
Alkaline basalt to arc basalt (Figure 10). 

Plotted in Th/Ta-Tb/Ta diagram of [47] [48] used on the metabasites rocks of 
the Mayombe of Gabon, samples are concentrated in CFB field (Figure 11).  

Plotted in Th/Ta-Tb/Ta diagram of [47] [48] used on the metabasites rocks of 
the Mayombe of Gabon, samples are concentrated in CFB field (Figure 11). 
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(c) 

Figure 8. (a) Sper diagram of REE Loukounga métabasites normalized to the chondrites of [40]; (b) Sper diagram 
of traces-element of Loukounga métabasites normalized to the NMORBS of Sun and Mc Donough [41]; (c) Speder 
diagram of traces-element of Loukounga métabasites normalized to the primitive mantle of [42]. 

 

 
Figure 9. Characterization of geodynamic context of metabasites of Loukounga in 
Zr/Y-Zr diagram of [43]. 
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Figure 10. Plot of metabasite rocks of Loukounga river in triangular diagrams (a) of [45] (b) of [46]: in Zr-Th-Nb diagram, sam-
ples fall in CAB, E-MORB and N-MORB; in Nb-Zr-Y diagram, samples characterize dominantly the alkaline basalt and arc basalt 
with a few samples in E-MORB and N-MORB and alkaline with tholeiitic basalts. 
 

 
Figure 11. Plots of Loukounga metabasite samples in [47] and [48] diagram. The majority of samples fall in CFB context with one 
sample in the CAB context, two samples at the limit and one sample at the limit of WPAB and E-type MORB. 

5. Discussion  

The metabasites of Loukounga are attached to the Nemba Complex of the neo-
proterozoic Mayombe belt which is made of metagabbros, metabasalts, amphi-
bolites and greenschists and dated in Congo at 915 ± 8 Ma by U-Pb zircon [11] 
and between 999 ± 7 Ma and 920 ± 8 Ma, in RDC [6] from the Gangila basic rocks.  

5.1. Petrogenesis 

Metabasites samples of Loukounga are ranged macroscopically in amphibolites, 

https://doi.org/10.4236/ojg.2022.1211044


U. V. M. Bazika et al. 
 

 

DOI: 10.4236/ojg.2022.1211044 937 Open Journal of Geology 
 

metagabbros epidotites and greenschists facies. Fine sections show a hydrother-
mal overprint marked by: 1) a zoned vacuoles filled with epidote, quartz and 
chlorite which successively crystallized; 2) an amygdale filled by calcite; 3) a late 
secondary growth of non-oriented epidote, chlorite, hornblende and quartz over 
older parageneses (Figure 5).  

Geochemical of major elements shows that these rocks are basic to interme-
diate composition with a few samples in ultrabasic composition. The Mg# colour 
index [34] value indicated that they are in part felsic with differentiated magma 
and in part mafic with poorly differentiated magma. The Harker diagrams 
(Figure 6) show a bad correlation between major and traces elements. In con-
trast, the high field strength elements (HFSE) relatively motionless define linear 
trends in binary element diagrams indicating that their concentrations have not 
been affected by weathering or low-grade metamorphism.  

Samples in discrimination diagrams Zr/Ti-Nb/Y of [38] modified by [39] 
characterized samples as basalts and andesitic basalts fields (Figure 7). The Zr/Y 
< 4.5 ratio of the greenschists and epidotites indicate a tholeiitic basalt and the 
Zr/Y > 4.5 ratio of the amphibolites and metagabbros place the rocks in transi-
tional basalt. The Nb/Y < 1.0 ratio correspond of that of a subalcalin rocks.  

5.2. Geodynamic Context and Magma Source 

Spectra of Loukounga normalized to N-MORBS and primitive mantle [41] 
(Figure 8(b)) show enrichment in LILE and HFSE elements but with slight neg-
ative anomalies for the Nb, Ta and Ti and Sr variables anomalies. Positive ano-
maly is very strong for Pb, this confer a tholeiites continental character. It is 
comparable to those known elsewhere as in the traps of Decan [49] and Franke-
lin (Figure 12) [50]. 
 

 
Figure 12. Diagram of comparison of multielement spectra normalized to the primitif 
mantle of [42] of the metabasites of Loukounga and the CFB of Frakelin [50].  
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The Zr/Y-Zr diagram of [43] places the rocks in within plate basaltic lavas, 
except two (02) rocks one of which is in the field of MORB (Figure 9). A tholeiitic 
basalts origin is detected for greenschists and epidotites with Zr/Y < 4.5, however a 
transitional basalts origin is considered for amphibolites and metagabbros with 
Zr/Y > 4.5. The Zr/Y > 1.5 attribute the rocks to continental types of [41].  

Within intraplate basalts associated with E-MORB and Calco-alkaline Basalt 
are detected in triangular (Zr-Th-Nb) diagram of [45] (Figure 10(a)). The 
E-MORB associated with major samples plotted in alkaline basalt and arc basalt 
is recognized in triangular (Nb-Zr-Y) diagram of [46] (Figure 10(b)). The wide 
dispersion from within plaque basalt (WPB) to arc basalt fields is often characte-
ristics of continental within plaque basalts particularly the traps basalts or CFB 
[51] like observed in Th/Ta-Tb/Ta diagram of [47] [48] (Figure 11) used for the 
metabasites rocks of the Mayombe belt in Gabon.  

CFB-related lavas belong to an association of transitional tholeiitic basalts and 
consist of subalkaline basalt and basaltic andesite as observed at Loukounga. 
These basalts are characterized by slightly low Nb concentrations (7 - 42 ppm) 
[51]. By comparison, the Loukounga lavas have Nb contents of between 4.64 and 
28.4 ppm compatible with those of continental basalts of traps type (CFB). In the 
RD Congo, the equivalent of the Nemba complex, the Gangila basalts of the Za-
dinian Group are also described as traps basalts emplaced in the context of the 
rift [6]. 

 

 
(a) 
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(b) 

Figure 13. (a) Discrimination diagram of [55] using TiO2/Yb-Nb/Yb ratio of Loukounga 
metabasites to assess magma source conditions and characterization; (b) Discrimination 
diagram of [55] using the Th/Yb-Nb/Yb ration of Loukounga metabasites to assess crustal 
contamination. 

 
In Brazil, the Araçuaï belt hanging from the Mayombe belt, carries neoprote-

rozoic basalts of the Macaùbas and Dom Silvério emplaced in a continental rift 
context [52] or associated with arc context [32] [53] [54]. 

To determine the source of magma, the used TiO2/Yb-Nb/Yb diagram of [55] 
shows concentration of Loukounga samples in E-MORB domain and some sam-
ples in OIB array (Figure 13(a)) and Th/Yb-Nb/Yb show concentration dis-
persed around E-MORB and volcanic arc array domains (Figure 13(b)). These 
fields proximity is characteristic of mantel crustal contamination [55]. The low 
Zr/Nb and high (La/Yb) ratios 3.67 - 6.77 of the Loukounga tholeiitic basalts 
(Table 1) characterize an enriched atmosphere and the Nb/Y ratio between 0.22 
and 0.9 shows an addition from the melting of the mantle. 

The Zr/Y-Nb/Y diagram of [56] modified [57] and Nb/Th-Zr /Nb diagram of 
[58] (Figure 14) characterize a metabasalt domain derived from an enriched 
mantle with dispersion in PM, REC, DEP, DM fields. The geochemistry varia-
tion observed in different magma with a mantle origin is due to continental 
crustal contamination or the Subcontinental lithosphere as suggested also [11] 
[14]. 
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(a) 

 
(b) 

Figure 14. Discrimination diagram using immobile (HFSE) elements ratios of Loukoun-
ga metabasites to assess magma source: (a) Nb/Y-Zr/Y of [56] modified by [57]; (b) 
Zr/Nb-Nb/Th of [58]. Abbreviations: OIB = Oceanic Island Basalts; ARC = Magmatic 
Arc basalt; N-MORB = Normal Mid-Oceanic Ridge Basalts; REC = Recycled Component; 
PM = Primitive Mantle; HIMU-EM1 = Enriched mantle I; EM2 = Enriched Mantle 2; 
DEP = Depleted Plume; DM = Depleted Mantle; EN= Enriched Component. 

6. Conclusion 

Four groups represented by neoproterozoic metagabbro, amphibolite, epidotite 
and chloritoschiste are identified in the Loukounga River. Rocks affected by hy-
drothermal alteration bear zoned vacuoles filled with epidote, quartz and chlo-
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rite which have successively crystallized. Geochemical discrimination classifies 
rocks in the fields of basalts and basaltic andesites. They are CFB-type basalt 
emplaced in an intraplate context associated with episodes of intracontinental 
extension as suggested [11] [14]. The incompatible elements suggest a deep 
mantle origin of the magma which is contaminated by continental lithosphere 
during its ascent. 
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