
 

Science Research 
2019; 7(2): 17-32 

http://www.sciencepublishinggroup.com/j/sr 

doi: 10.11648/j.sr.20190702.12 

ISSN: 2329-0935 (Print); ISSN: 2329-0927 (Online)  

 

Sm-Nd and Rb-Sr Datings, Petrogenesis and Thermometry 
of the Ngovayang Area (South-West Cameroon): Isotopic 
Data Insight of Recycling Crust and Convergence Orogen 

Ndong Bidzang Francois
1, *

, Ntomba Sylvestre Martial
2
, Ntomb Yvan Demonstel

2
,  

Messi Ottou Eric Jose
3
, Magnekou Takamte Rufine Christelle

3
 

1Ore Processing Laboratory, Institute for Geological and Mining Research, Yaounde, Cameroon 
2Centre for Geological and Mining Research, Institute for Geological and Mining Research, Yaounde, Cameroon 
3Department of Earth Sciences, University of Yaounde I, Yaounde, Cameroon 

Email address: 
 

*Corresponding author 

To cite this article: 
Ndong Bidzang Francois, Ntomba Sylvestre Martial, Ntomb Yvan Demonstel, Messi Ottou Eric Jose, Magnekou Takamte Rufine Christelle. 

Sm-Nd and Rb-Sr Datings, Petrogenesis and Thermometry of the Ngovayang Area (South-West Cameroon): Isotopic Data Insight of 

Recycling Crust and Convergence Orogen. Science Research. Vol. 7, No. 2, 2019, pp. 17-32. doi: 10.11648/j.sr.20190702.12 

Received: August 5, 2019; Accepted: September 4, 2019; Published: September 19, 2019 

 

Abstract: The Ngovayang trondhjemitic gneisses belong to the Nyong Complex at the Northwest boundary of the Ntem 

Complex. A combined study of whole-rock major, trace elements and isotopic data, Sm-Nd and Rb-Sr indicate that 

trondhjemitic gneisses are peraluminous and range from weakly I-type to S-type with nearly constant A/CNK values between 

1.04 and 1.24. Their I- and S- type characters suggest that juvenile materials have been partially remobilized or recycled. These 

trondhjemitic gneisses have slightly to moderate MgO, Cr and Ni contents, ISr (0.703677 - 0.741911) and low εNd(t) (from -

16.48 to -10.6) values. Such geochemical features suggest a small mantle-source contribution, coupled with assimilation of 

some upper and lower crustal materials and indicate the implication of old crust probably with both Archean and Early 

eburnean origin (2597 - 2318 Ma). They also exhibit geochemical features typical of calc-alkaline, crustal contaminated 

calcalkaline rocks, volcanic arc and trondhjemitic nature. These results show that old crust has recycled and trondhjemitic 

gneisses are linked to convergent geodynamic system. The petrogenetic diagrams of AFM vs CFM, MgO vs SiO2 and Rb/Ba 

vs Rb/Sr and lower K2O/Na2O ratio values (0.38-0.51), indicate that the magmatic source materials are mainly composed of 

plagioclase-rich sources such as metagreywackes - metabasic mixtures, metagreywackes and metabasics and basalt or igneous 

rocks. These sources materials occurring in the melt originated from both slab melting and assimilation of upper and lower 

crust at ca. 732.4 - 928.7°C and at 2597 - 2318 Ma. This study shows that Archean crust may have a North-West extension 

beyond the actual boundary with Nyong Complex. 

Keywords: Nyong Complex, Ngovayang Trondhjemitic Gneisses, Sm-Nd and Rb-Sr Datings, Thermometry,  

Convergent Geodynamic System 

 

1. Introduction 

The Nyong Complex is one of eburnean continental 

portion in the world [1-2], which is made up of tonalite, 

trondhjemite and granodiorite and other granitoids associated 

to basic rocks [1-5]. In the field, trondhjemites commonly 

display a gneissic appearance (grey gneisses), often 

migmatitic and can be divided into three groups: Amp-Grt 

bearing orthogneiss, Bt-Opx bearing orthogneiss and Opx 

bearing orthogneiss. These rocks can provide information on 

tectonic, thermal evolution and crustal genesis and growth of 

orogenic belts [6-7]. Certain parameters like aluminum 

saturation index and geochemical variability obtained by 

these trondhjemite gneisses permit to know their source 

composition, information on magmatic differentiation [8] 

and temperature of crystallization and growth [9]. Many 

varieties of geodynamic settings have been proposed such as 
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subduction, continental collision [6, 10-13] and extensional 

environments. The West Central African Belt (WCAB) is 

located along the western side of the Congo craton from 

Angola to Cameroon [14], and continues to Brazil as 

transamazonian belt [15]. The present work focuses on the 

Ngovayang massif which belong to Nyong serie actually 

called Nyong Complex [16-17], and is situated at the 

northwest beyond the Ntem Complex. During Eburnean 

cycle, convergence and collision of two segment Cratons 

probably resulted in the formation of an important mountain 

belt which is Ngovayang (Figure 1c). This mountain 

constitues part of the study area (Figure 1d). Several studies 

on Paleoproterozoic rocks from the West Central African 

Belt (WCAB) have been published [1, 4, 14, 16-19], but 

none of them have paid attention of rocks exposed atop of 

Ngovayang massif probably because of its inaccessibility 

(with high relief, > 1000 m, Figure 1c) coupled with lateritic 

layer and important vegetation covering the outcrop. Thus 

studies are concentrated elsewhere or on the massif 

surroundings. The Cameroon Eburnean belts are represented 

by Nyong and Ayna series [20-21], which correspond to area 

of dominant crustal recycling of the neighbouring Ntem 

Complex [3-4] and area of crustal growth within 

Neoproterozoic belt in the North of Ntem Complex [19, 22-

24]. Other studies show that, this continental crust result 

from the convergence and collision between the Sao 

Francisco-Nigeria shield bloc and a former Congo 

megacraton [1, 19]. In spite of studies in the Nyong 

Complex, the boundary of these two complexes remains 

matter of debate. The estimations of temperature have been 

done by qualitative methods with mineral presents in thin 

sections. Thus we have high grade granulitic assemblages 

[19] and amphibolitic climate [16] that peaked at ca. 2050 

Ma [4, 14, 20], in the Nyong Complex. 

 

Figure 1. a-Simplified geological map of the Nyong Complex Southwestern Cameroon (modified after [1, 63], showing study area (ellipsoid) and his 

neighborhoods (rectangle); b-Gondwana map portion showing limit of Congo and Sao Francisco assemblage (grey area) between Central Africa and NE 

Brazil (after [1, 63] and Nyong Complex; c-Topographical map of Ngovayang massif (study area, ellipsoid) and his neighborhoods and d-Ngovayang massif 

map (ellipsoid) with sample locations. 
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In this paper, we present for the first time whole rock 

geochemical data, isotopic data, Sm-Nd datings of 

Ngovayang orthogneisses and aim to determine the source 

composition or petrogenesis, melting and evolving 

temperatures. We have a good opportunity to discuss about 

whether the Ngovayang area has been reworked during the 

Paleoproterozoic or if he represents the plate above 

subduction area it represents. 

2. Geological Setting 

The Eburnean orogeny in Cameroon includes Nyong 

complex [16-17] along the NW boundary with Ntem 

Complex [16-17, 25], Ayna serie [20-21], and 

Paleoproterozoic remnant cropping out to Bafia group and 

Adamawa-yade domain which are the late Neoproterozoic 

Panafrican fold belt [22-24]. Formations on Nyong gneisses 

[4, 26] include biotite-hornblende gneiss sometimes locally 

defined as grey gneiss (or migmatic grey gneiss) of TTG 

composition [3], orthopyroxene-garnet gneiss interpreted as 

charnockitic composition, garnet-amphibole pyroxenite, 

banded iron formation and magmatic rocks (syn to late 

charnockite, augen metadiorite, syenite, granite, granulite, 

eclogite and dolerite; [1-2, 19]. Our study focuses on 

orthogneisses which include orthopyroxene gneiss (Figure 

1a, [1] or many variable types of gneiss differentiated by 

mineralogy proportions and composed of Amp-Grt bearing 

gneiss, Opx bearing gneiss and Bt - Opx bearing gneiss. 

Generally, the Nyong Complex is characterized by flat lying 

foliation associated with a variably oriented stretching 

lineation which results from the transposition of primary 

foliation by isoclinal recumbent folds appearing in phase two 

during deformation. This foliation is disturbed locally by 

large opened folds associated with shear zone [1, 19]. The 

two tectonic phases which are described in this Complex are 

synchronous with the charnockite formation (near the 

boundary with Ntem Complex) and/or migmatization. This 

migmatite occurs parallel to regional foliation and along the 

late shearzone during phase two. The metamorphic evolution 

is polycyclic with high grade granulitic assemblages marked 

by fine grained of polygonal quartzofeldspathic minerals 

which suggest high temperature recrystallization and the 

presence of corona rims which illustrates a static evolution 

under granulite to amphibolite facies conditions. This 

retrogressive phase continues until it reaches greenschist 

facies conditions which are locally overprinted [3, 27]. This 

phase two is known as belonging to the Eburnean nappe 

formations which were transported top to east onto the Ntem 

Complex under the amphibolitic climate [16] and peaked at 

ca. 2050 Ma [4, 14, 27]. Based on geochemical studies, the 

migmatitic gneisses (belonging to TTG suite) are comparable 

with those of Ntem Complex [3]. The critical isotopic data 

indicate that: the Nyong rocks were formed from both 

contribution of Archean protolith and juvenile material as 

demonstrated by Sm-Nd and TDM ages [4, 18]. These Nyong 

rocks have also experienced a major late tectonic, granulitic 

and migmatitic events at ca. 2.05 Ga. The Nyong Complex 

may be interpreted as a proximal area characterized by 

reworking and recycling of adjacent Archean cratonic crust 

[19]. 

3. Samples and Analytical Techniques 

Eighteen samples of Ngovayang Eburnean trondhjemitic 

gneiss rocks have been studied. These samples are localized 

in the Ngovayang massif (Figure 1d) and belong to three 

main gneiss types: Amp-Grt gneiss (GAG01, GA02, GA03, 

GA04, GA05, GA06, GA07, GA08 and GA09); Bt - Opx 

gneiss (GPB01, GPB02, GPB03 and GPB04) and Opx gneiss 

(GAP01, GAP02, GAP03 and GAP04) (table 1). Whole rock 

compositions from the representative samples of Ngovayang 

trondhjemitic gneiss were determined using Phillips PW 

1840 X-ray fluorescence (XRF) for major elements and 

Induced Couple Plasma Mass Spectrometry (ICP-MS) on a 

VG-plasma Quad STE ICP mass spectrometer for trace 

elements in the OMAC laboratories of the ALS 

Geochemistry group in Ireland. Isotope geochemical 

analyses were achieved place at the University of Rennes in 

France. The analyses were carried out following the isotopic 

dilution method. Based on the method, the determination of 

isotopic composition of samples was done using a 

multicollector mass spectrometer by thermos-ionization of 

the Finnigam MAT 262 type. The reactants used to dissolve 

the samples were distilled twice in the case of Rb-Sr and Sm-

Nd systems. The dissolution of samples (100 to 200 mg on 

average) was done in a Teflon spray (Sanillex) with a 

mixture of concentrated HNO3 (7N) + HF on a hot plate at 

150°C for 24 to 48 hours. That process was repeated a 

second time after evaporation. After this second process, the 

sample was evaporated and then dissolved in 6N of acid 

chlorite. For the identification of elements (Rb, Sr, Nd) a 

tracer (or Spike) was used. Nd and Sm isotope used double 

tracer 
149

Sm-
150

Nd, Sr used one tracer 
84

Sr and one for Rb, 
87

Rb. Relative to Rb-Sr, the dissolved sample was loaded on 

a column of 14 ml volume containing cationic resin 50AGX8 

200-400 mesh. Rb was obtained after an elution 35 ml and Sr 

after 75 ml of 2NHCl. Relative to Rb-Sr, sample dissolute 

was loaded on a column of 14 ml b volume of a cationic 

resin 50AGX8 200-400 mesh. The Rb was obtained after an 

elution of 35 ml and Sr after 75 ml of 2NHCl. For Sm and 

Nd, the rare earth elements (light) were obtained after the 

collection of Sr with 40 ml HCL6N. The selective separation 

of Nd and Sm required a second column of 3 ml by volume 

of Teflon powder treated with phosphoric acid, 

2(diethylhexil). The samples were deposited in a 0.25 ml 

HCL acid column of 0.15 N. The Nd was recovered after 

about 20 ml of 0.15NHCL while Sm recovery was after 15 

ml of about 0.3NHCL. The Sr and Nd isotopic ratios were 

corrected for mass fractionation by normalizing to 
86

Sr/
88

Sr = 

0.1195 and 
146

Nd/
144

 Nd = 0.7219, respectively. Total 

procedural blanks were b160 pg for Sr and b80 pg for Nd. 

Replicate analyses of the NBS-987 Sr standard during the 
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course of this study yielded a mean value of 
87

Sr/
86 

Sr 

=0.710259 ± 10 (2σ). Measurements of the Ames Nd 

standard gave a mean 
143

Nd/
144

Nd ratio of 0.512125 ± 8 (2σ, 

n=5). 
87

Rb/
86

Sr ratios of whole-rock samples were calculated 

based on the measured 
87

Sr/
86

Sr ratios and the Rb and Sr 

concentrations determined by XRF. Errors are given in 2 

sigma (95 %) confidence level. using the ISOPLOT/Excel 

program [28]. The CIPW normative compositions, 

temperature liquidus and magma density were obtained from 

the program written by Kurt Hollocher and by calculation 

method from [29], (table 2). Temperatures were obtained by 

GCDKit [30] and excel spreadsheet programs using major 

elements (SiO2, P2O5, TiO2, Al2O3, Zirconium concentration) 

and LREE (La, Ce) in the [31] apatite equation; [32] zircon 

equation, [33] rutile equation and measured Al2O3/TiO2 ratio 

[34]. All these equations are reported in GCDKit manual 

[30]. 

Table 1. Chemical data of the Ngovayang throndhjemitic gneisses (NTG). 

Samples 
Amp-Grt bearing Orthogneiss 

GAG01 GAG02 GAG03 GAG04 GAG05 GAG06 GAG07 GAG08 GAG09 

SiO2 69.87 70.5 71.41 71.4 70.74 70.18 71.42 70.4 71.76 

TiO2 0.29 0.29 0.19 0.56 0.35 0.28 0.39 0.41 0.13 

Al2O3 14.75 14.23 14.07 14.25 14.53 14.22 14.62 15.04 14.6 

Fe2O3 2.62 2.66 1.94 1.94 2.85 2.52 2.38 2.32 2.46 

MnO 0.08 0.08 0.05 0.09 0.04 0.02 0.05 0.01 0.02 

MgO 1.34 1.34 0.98 1.01 1.43 1.28 1.18 1.13 1.21 

CaO 2.21 1.64 1.73 1.42 1.81 1.91 2.07 2.28 2.06 

Na2O 5.8 6.47 5.28 5.41 5.49 5.64 5.07 4.94 5.05 

K2O 2.25 3.1 2.49 2.75 2.06 2.76 2.38 2.77 2.36 

P2O5 0.19 0.05 0.17 0.21 0.11 0.1 0.15 0.07 0.07 

LOI 0.7 0.66 0.71 0.75 0.73 0.97 0.64 0.65 0.66 

TOTAL 100.1 101.02 99.02 99.79 100.14 99.88 100.35 100.02 100.38 

K2O/Na2O 0.39 0.48 0.47 0.51 0.38 0.49 0.47 0.56 0.47 

CaO/Na2O 0.38 0.25 0.33 0.26 0.33 0.34 0.41 0.46 0.41 

Al2O3/TiO2 50.86 49.07 74.05 25.45 41.51 50.79 37.49 36.68 112.31 

A/CNK 1.09 1.04 1.19 1.24 1.18 1.12 1.21 1.23 1.21 

A/NK 1.23 1.02 1.29 1.2 1.29 1.16 1.34 1.35 1.34 

Ba 571 757 552 302 516 425 676 557 1040 

Rb 54 29 48 49 40 51 44 42 51 

Sr 400 870 690 308 317 399 655 620 590 

Zr 34 106 165 78 83 76 87 49 129 

Nb 0.1 2.5 3.2 6.8 5.6 4.34 7.21 3.99 0.98 

Ni 5 31 19 20 18 21 17 33 36 

Co 2.3 1.2 1.1 6 7 6 5.4 1.3 2 

Zn 26 23 32 33 15 35 28 8 49 

Cr 63 77 94 10 43 65 72 53 148 

Y 8 4 7 6 5 7 10 12 10 

Cs 0.67 0.53 0.76 0.63 0.51 0.59 0.48 0.58 0.63 

Ta 0.67 6.23 0.43 0.72 7.21 0.58 0.63 6.23 4.05 

Hf 4.01 3.98 4.34 4.02 3.13 4.13 4.01 3.08 3.52 

Th 5 8 1 2.5 2.2 3 2.3 2 6 

Sc 15 4 6 9 7 5 4 18 5 

V 10.8 64 50.6 87 49 63 88 28.6 108 

Ga 0.07 2.26 3.02 4.35 6.75 4.32 8.86 1.41 5.43 

La 10.3 10.3 11 10.6 10.8 11.1 9.7 10.3 11.2 

Ce 25.3 30.29 27.32 23.32 27.4 29.32 24.3 23.9 25.3 

Pr 43 47 21 57 61 56 27 62 37 

Nd 11.6 12.2 10.8 10.4 11.2 10.9 10.1 9.3 10.4 

Sm 2.2 2.6 1.8 1 1.6 1 1.8 1.2 1.4 

Eu 0.6 0.7 0.6 0.7 0.4 0.7 0.6 0.3 0.6 

Gd 1.4 0.7 2 2 1.4 1.7 0.8 1.4 1.8 

Tb 0.1 0.3 0.1 0.3 0.3 0.1 0.1 0.2 0.3 

Dy 1.2 0.5 1.5 0.6 1.5 1.5 0.8 1.1 1.3 

Ho 0.1 0.3 0.2 0.2 0.1 0.3 0.1 0.1 0.2 

Er 0.6 0.5 0.4 0.2 0.1 0.5 0.5 0.7 0.3 

Tm 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Yb 0.6 0.5 0.4 0.7 0.4 0.5 0.5 0.7 0.4 

Lu 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 

Eu/Eu* 1.044 1.584 0.966 1.511 1.02 1.639 1.527 1.18 1.21 

(La/Yb)N 11.59 13.9 18.56 10.22 18.22 14.98 13.09 9.93 18.9 
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Table 1. Continued. 

Samples 
Opx-Bt bearing Orthogneiss Opx bearing Orthogneiss 

GPB01 GPB02 GPB03 GPB04 GPB05 GAP01 GAP02 GAP03 GAP04 

SiO2 70.2 70.09 70.44 68.08 70.7 70.31 70.79 69.86 69.65 

TiO2 0.23 0.17 0.34 0.49 0.25 0.31 0.18 0.54 0.25 

Al2O3 15.01 15.16 15.03 15.34 14.5 14.77 14.98 14.5 15.01 

Fe2O3 2.82 3.06 2.51 3.06 3.01 2.98 2.19 2.64 3.02 

MnO 0.03 0.02 0.04 0.02 0.03 0.03 0.02 0.03 0.08 

MgO 1.03 1.12 1.06 1.3 0.86 1.35 0.94 1.22 1.31 

CaO 2.18 2.28 2.14 2.34 2.03 2.09 2.16 1.62 2.11 

Na2O 5.68 5.95 5.19 5.61 5.5 5.24 5.73 5.52 5.26 

K2O 2.21 2.31 2.54 2.63 2.22 2.52 2.48 2.35 2.57 

P2O5 0.09 0.15 0.21 0.2 0.16 0.13 0.1 0.26 0.11 

LOI 0.42 0.6 0.61 1.07 0.63 0.84 0.61 0.78 0.68 

TOTAL 99.9 100.9 100.1 100.1 99.89 100.57 100.18 99.32 100.05 

K2O/Na2O 0.39 0.39 0.49 0.47 0.40 0.48 0.43 0.43 0.49 

CaO/Na2O 0.38 0.38 0.41 0.42 0.37 0.40 0.38 0.29 0.40 

Al2O3/TiO2 65.26 89.18 44.21 31.31 58.00 47.65 83.22 26.85 60.04 

A/CNK 1.13 1.09 1.21 1.14 1.14 1.19 1.12 1.21 1.2 

A/NK 1.28 1.23 1.33 1.27 1.27 1.3 1.24 1.25 1.31 

Ba 963 944 847 433 795 638 480 537 939 

Rb 62 61 37 54 47 49 63 49 45 

Sr 310 640 450 305 335 710 330 586 430 

Zr 69 153 93 95 76 76 165 87 135 

Nb 2.15 2.34 0.57 3.4 2.77 2.76 2.42 3.68 0.55 

Ni 16 8 7 16 29 24 30 9 13 

Co 1.8 0.9 3.8 4 1.6 1.1 2.2 1.2 0.5 

Zn 21 47 22 54 21 35 23 13 22 

Cr 50 115 39 12 125 84 101 115 278 

Y 11 5 4 11 9 9 8 9 6 

Cs 0.71 0.49 0.37 0.71 0.76 0.91 0.58 0.38 0.48 

Ta 0.73 2.12 3.06 5.46 0.68 0.05 1.21 0.05 0.04 

Hf 2.34 4.23 4.21 3.75 3.67 3.06 3.06 3.48 3.73 

Th 1 2 3 2.7 1 5 3 4 2 

Sc 5 11 7 5 2 4 9 10 6 

V 96.5 23 101.5 103 98 99 77.2 152 98.3 

Ga 2.51 2.03 4.96 6.23 3.67 5.01 4.06 2.34 7.56 

La 10.6 9.7 11.1 10.2 10.5 11.1 9.8 9.8 10.6 

Ce 30.3 26.59 26.6 28.1 26.8 22.3 20.7 31.2 26.65 

Pr 9 19 66 48 43 32 28 19 38 

Nd 13.1 10.3 12.3 9.6 11 9.7 11.4 12.5 12.3 

Sm 2.1 1.6 2.1 1.1 1.2 1.5 1.5 2.3 1 

Eu 0.7 0.7 0.4 0.7 0.7 0.5 0.7 0.6 0.6 

Gd 1.5 2.2 1.1 2 0.5 2 0.7 0.61 1.7 

Tb 0.1 0.2 0.1 0.3 0.2 0.1 0.3 0.1 0.3 

Dy 0.9 1.3 0.9 1.3 0.8 1.5 1.5 0.9 0.5 

Ho 0.3 0.1 0.2 0.2 0.1 0.1 0.3 0.2 0.1 

Er 0.5 0.2 0.3 0.1 0.15 0.8 0.2 0.7 0.2 

Tm 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Yb 0.3 0.3 0.4 0.7 0.7 0.7 0.4 0.5 0.5 

Lu 0.1 0.1 0.1 0.1 0.1 0.3 0.1 0.1 0.1 

Eu/Eu* 1.14 1.21 1.44 1.16 2.76 1.06 2.09 1.55 1.41 

(La/Yb)N 23.85 21.82 18.73 9.84 10.12 10.7 16.54 13.23 14.31 

Table 2. CIPW normative compositions for the Ngovayang trondhjemitic orthogneisses. 

 

Amphibole-Garnet Orthogneiss 

GAG01 GAG02 GAG03 GAG04 GAG05 GAG06 GAG07 GAG08 GAG09 

Quartz 21.80 17.19 26.52 25.46 25.23 21.85 27.06 24.74 27.34 

Corundum 0.00 0.00 0.00 0.29 0.24 0.00 0.30 0.00 0.16 

Orthoclase 13.30 18.32 14.72 16.25 12.17 16.31 14.07 16.37 13.95 

Albite 49.08 54.75 44.68 45.78 46.46 47.72 42.90 41.80 42.73 

Anorthite 7.57 0.63 7.34 5.67 8.26 5.33 9.29 10.68 9.76 

Diopside 1.14 5.05 0.00 0.00 0.00 2.02 0.00 0.00 0.00 

Hypersthene 2.81 1.00 2.44 2.52 3.56 2.25 2.94 2.82 3.01 

Ilmenite 0.17 0.17 0.11 0.19 0.09 0.04 0.11 0.02 0.04 

Magnetite 0.46 0.49 0.34 0.34 0.50 0.44 0.42 0.41 0.43 

Zircon 0.01 0.02 0.03 0.02 0.02 0.02 0.02 0.01 0.03 
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Amphibole-Garnet Orthogneiss 

GAG01 GAG02 GAG03 GAG04 GAG05 GAG06 GAG07 GAG08 GAG09 

Chromite 0.01 0.02 0.02 0.00 0.01 0.01 0.02 0.01 0.03 

Apatite 0.45 0.12 0.40 0.50 0.26 0.24 0.36 0.17 0.17 

Sum 99.42 100.3 98.33 99.06 99.43 98.92 99.73 99.38 99.73 

T° Liquidus (°C) 840 842 799 807 824 828 817 831 811 

Magma density (Kb/m3) 2420 2410 2400 2400 2420 2410 2410 2410 2410 

Table 2. Continued. 

 
Biotite - Pyroxene Orthogneiss Pyroxene Orthogneiss 

GPB01 GPB02 GPB03 GPB04 GPB05 GAP01 GAP02 GAP03 GAP04 

Quartz 23.04 21.06 24.97 25.19 19.30 24.11 22.71 24.21 23.06 

Corundum 0.00 0.00 0.35 0.00 0.00 0.00 0.00 0.55 0.00 

Orthoclase 13.06 13.65 15.01 13.12 15.54 14.89 14.66 13.89 15.19 

Albite 48.06 50.35 43.92 46.54 47.47 44.34 48.49 46.71 44.51 

Anorthite 8.93 7.84 9.25 8.32 8.91 9.34 7.83 6.34 9.75 

Diopside 0.48 1.54 0.00 0.00 0.00 0.00 1.31 0.00 0.00 

Hypersthene 2.35 2.07 2.64 2.14 3.24 3.36 1.73 3.04 3.26 

Ilmenite 0.06 0.04 0.09 0.06 0.04 0.06 0.04 0.06 0.17 

Magnetite 0.49 0.53 0.44 0.54 0.53 0.52 0.38 0.47 0.53 

Zircon 0.01 0.03 0.02 0.02 0.02 0.02 0.03 0.02 0.03 

Chromite 0.01 0.02 0.01 0.00 0.03 0.02 0.02 0.03 0.06 

Apatite 0.21 0.36 0.50 0.38 0.47 0.31 0.24 0.62 0.26 

Sum 99.49 100.3 99.52 99.28 99.09 99.75 99.58 98.56 99.39 

T° Liquidus (°C) 835 849 832 868 823 837 826 830 845 

Magma density (Kb/m3) 2420 2420 2410 2430 2410 2420 2410 2410 2420 

 

4. Results 

4.1. Petrography 

Field observations revealed that, the Ngovayang massif 

consists of migmatitic gneisses and granitoids, intruded by 

basalt or pyroxene tonalite which are interlayered with garnet 

magnetite quartzite (Figure 1a, [1]. Most of the rock types [4, 

19, 1], found at neighbourhood, are present in the 

Ngovayang massif as well. 

The Ngovayang trondhjemitic gneisses outcrop under 

plate and boulder types (Figure 2a and Figure 2b). They are 

fine to medium grained and display light to dark-grey colour. 

They feature a millimetre to centimetre scale veins (Figure 

2a), which are composed mainly by leucocratic minerals 

(quartz and plagioclase). These veins cross-cut or are parallel 

to foliation marked by alternating layers of ferromagnesian 

(amphibole, biotite, pyroxene) and felsic minerals. The 

Ngovayang trondhjemitic gneisses can be differentiated by 

their texture and mineral proportions. Indeed we identified 

amphibole-garnet bearing trondhjemitic gneiss, biotite 

bearing trondhjemitic gneiss and biotite-orthopyroxene 

bearing trondhjemitic gneiss. Major rock-forming minerals 

of these gneisses are quartz (25-35 vol. %), plagioclase (35-

40 vol. %), K-feldspath (<5 vol. %), hypersthene and biotite 

(10-15 vol. %); sometimes the presence of garnet and 

amphibole (< 5-10 vol. %) were observed. Retromorphic 

sericite (Figure 2c), epidote and chlorite are always present. 

Quartz occurs in the matrix and display ondulose extinction 

(Fig. 2f) and sometimes as inclusion minerals biotite or 

orthopyroxene (Figure 2e). We noticed new elongate grains 

which growing of quartz crystal (Figure 2f). Opaque 

minerals are present surrounding or inclusion within biotite 

crystals (Figure 2d). Accessory minerals include zircon, 

apatite, ilmenite, magnetite, titanite and monazite. 

 

Figure 2. a- and b- Some outcrops atop Ngovayang trondhjemitic gneisses; 

c- d- e- and f-Microphotographs showing mineral textures relationship in 

the some Ngovayang trondhjemitic gneisses. 

4.2. Whole-rock Geochemistry 

4.2.1. Major Elements 

In the An-Ab-Or diagram [35], all the Ngovayang samples 

plot in the trondhjemite field (Figure 3a) and define a 
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trondhjemite trend in the ternary K-Na-Ca diagram (Figure 

3b, [36]. These trondhjemitic gneisses belong to calc alkaline 

serie (Figure 3c; [37], and their plots fall in the I-type field 

(Figure 3e; [38], respectively. All samples fall in the 

peraluminous field (Figure 3d; [39] and range from weakly I-

type to S-type with nearly constant A/CNK values between 

1.04 and 1.24 (table 1 and Figure 3d). These samples are 

silicic (SiO2 = 68.08-71.76%, table 1) and plot in the high 

silicate adakite (HAS) field in the MgO vs. SiO2 diagram 

(Figure 3f; [40]. According to the CaO/Na2O ratio, gneisses 

of the Ngovayang massif display high values (0.25 0.46). 

Kpoor (K2O/Na2O=0.38 0.56), and with Fe strongly 

prevailing over Mg (Fe2O3 (t) = 1.94 3.06 wt%, MgO = 0.86 

1.43 wt. % and Mg
#
 = 0.22 0.34 table 1). At given SiO2 

content, CaO (1.42 2.34 wt. %) and Al2O3 (14.07 15.34 

wt. %) are rather high. The Harker variation diagram (Figure 

4) shows a slightly negative SiO2 correlation and Fe2O3 (t), 

Al2O3, MgO, CaO and Na2O and a positive correlation with 

MnO. SiO2 vs. P2O5 binary diagram shows a subvertical 

trend (Figure 4). The CIPW normative composition of these 

samples displays two normative assemblages defined by the 

presence or absence of diopside and corundum: quartz-

diopside-hypersthene assemblage (GAG01, GAG02, 

GAG03, GAG06, GAG08, GPB01, GPN02, GPB04, GPB05, 

GAP01, GAP02 and GAP04) and quartz-corundum-

hypersthene assemblage (GAG04, GAG05, GAG07, 

GAG09, GPB03 and GAP03), (table 2). 

 

Figure 3. Ternary diagrams: a-Ab-Or-An [35] and b-Na-Ca-K [36]; binary diagrams: c-K2O vs. SiO2 [37]; d- A/NK (molar ratio Al2O3/(Na2O + K2O) vs 

A/CNK (molar ratio Al2O3/(CaO + Na2O + K2O, [39] e- Na2O vs. K2O diagram [38] and f-MgO-SiO2 (PMB=experimentally derived partial melts from 

metabasaltic rocks. LSA=low silica adakite. HAS=high silica adakite after [40]. 

4.2.2. Trace Elements 

Rb content varies from 29 to 63 ppm. Gneisses are very 

low in Th (18 ppm) and are rich in Sr (308 710 ppm) and Ba 

(302 1040 ppm) respectively. These gneisses display low 

(La/Yb)N of 9.84 23.85 with slightly positive Eu anomaly 

(Eu/Eu= 0.966 2.760). The spidergrams of Ngovayang 

gneisses samples show distinctive Pr positive anomalies 

(Figure 5a and Figure 5b) and negative anomaly in Nb (Fig. 

5b). All these spidergrams display depletion in earth heavy 

(Figure 5a and Figure 5b). 
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4.2.3. Isotopic Analyses 

Ten whole rock samples were analysed for 
147

Sm-
143

Nd 

isotopic compositions such as GAG01, GAG02, GAG03 and 

GAG08 for amphibole-garnet gneiss; GPB01, GPB02 and 

GPB05 for biotite-pyroxene gneiss and GAP01, GAP02 and 

GAP03 for pyroxene gneiss. Six whole rock samples were 

studied for Rb-Sr isotopic compositions including GAG02, 

GAG03 and GAG08 for amphibole-garnet gneiss; GPB02 

for biotite-pyroxene gneiss and GAP01, GAP02 for pyroxene 

gneiss. The gneisses of the Ngovayang massif have 
87

Sr/
86

Sr 

ratio values between 0.70367- 0.74191 and the initial 
87

Sr/
86

Sr ratio value range from 0.69308 to 0.72496 (table 3). 

Their 
143

Nd/
144

Nd ratio values vary between 0.51112-0.51148 

with initial 
143

Nd/
144

Nd isotopic values between 0.51102 and 

0.51179 and a negative Nd (T) values (-1.43 to -16.48, table 

3). 

 

Figure 4. Binary diagrams of SiO2 vs. major-element oxides (wt. %) and some trace elements (ppm) for Ngovayang orthogneisses. 
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4.3. Thermometry 

4.3.1. Zircon 

Based on zircon thermometry, temperatures of Ngovayang 

orthogneisses range between 653 and 782°C (aver. 729°C). 

These values correspond to those obtained in the amphibolite 

garnet gneiss but with a different average temperature value 

(aver. 722°C). In the biotite pyroxene gneiss, temperatures 

correspond to an interval range from 710 to 765°C (aver. 

730°C), whereas, they vary between 717 and 775°C (aver. 

746°C) for the pyroxene gneiss (table 4). 

4.3.2. Monazite 

The monazite thermometry gives us temperatures of 

Ngovayang gneisses varying from 678 to 723°C (aver. 

706°C). Temperatures are 678-718°C in the amphibolite 

garnet gneiss with an average value of 705°C. In the biotite 

pyroxene gneiss, temperatures correspond to an interval 

range between 695 and 718°C (aver. 706°C), whereas they 

range between 692 and 723°C (aver. 708°C) for the pyroxene 

gneiss (table 4). 

 

Figure 5. Binary plots: a-Chondrite-normalized REE patterns [65], d-Primitive mantle-normalized trace element spider diagrams [65], cRb vs. Y+Nb (VAG, 

volcanic arc granite; syn-COLG syn-collision granite; WPG within plate granite; ORG oceanic ridge granite; [41]; d- Nb vs. Y [41]; e-Multication diagram 

R2 vs R1 (Alc., alcalin; Sub- alc. Sub-alcalin and PCU, Post collision Uplift; [66] and f-(Nb/Zr)n ratio vs. Zr. 

4.3.3. Apatite 

According to apatite thermometry, temperatures of 

Ngovayang orthogneisses range between 671 and 798°C 

(aver. 738°C). Temperatures are 671 773°C in the 

amphibolites garnet gneiss with an average value of 724°C. 

In the biotite pyroxene gneiss, temperatures correspond to an 

interval range between 713 and 797°C (aver. 757°C), 

whereas they vary between 716 and 798°C (aver. 746°C) for 

the pyroxene gneiss (table 4). 
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Table 3. Rb and Sr abundances and isotopic composition of Sm/Nd ratios, εNd and TDM from some Ngovayang trondhjemitic gneiss samples. 

 Sample Sm Nd 147Sm/144Nd 143Nd/144Nd±2σm (RNd)i εNd(0) εNd(T) TDM(Ma) 

Amp-Grt bearing 

orthogneiss 

GAG01 5.541 24.14 0.092 0.511258 (4) 0.51113 -26.88 -14.33 2361 

GAG02 5.982 35.10 0.099 0.511325 (6) 0.51119 -25.57 -13.21 2416 

GAG03 4.892 27.26 0.107 0.511469 (6) 0.51132 -22.76 -10.61 2392 

GAG08 2.174 10.90 0.139 0.511983 (4) 0.51179 -12.74 -1.43 2373 

Bt-Opx bearing 

orthogneiss 

GAP01 2.008 6.503 0.096 0.511252 (4) 0.51112 -27 -14.55 2448 

GAP02 2.634 14.44 0.105 0.511403 (5) 0.51126 -24.05 -11.9 2440 

GAP03 4.854 24.43 0.105 0.511466 (4) 0.51132 -22.82 -10.6 2353 

Opx bearing 

orthogneiss 

GPB01 3.419 17.23 0.107 0.511324 (4) 0.51117 -25.59 -13.49 2597 

GPB02 3.012 17.84 0.091 0.511277 (7) 0.51115 -26.51 -13.99 2318 

GPB05 2.544 13.44 0.084 0.511137 (5) 0.51102 -29.24 -16.48 2357 

Table 3. Continued. 

 Sample Rb (ppm) Sr (ppm) 87Rb/86Sr 87Sr/86Sr±2σm (RSr)i εSr(0) εSr(T) 

Amp-Grt bearing orthogneiss 

GAG02 41 767 0.15 0.728167 (7) 0.72363 335.94 306.97 

GAG03 37 314 0.34 0.716411 (10) 0.70612 169.07 57.60 

GAG08 41 341 0.35 0.703677 (8) 0.69308 -11.68 128.09 

Bt-Opx bearing orthogneiss GPB02 74 817 0.26 0.724462 (7) 0.71659 283.35 206.77 

Opx bearing orthogneiss 
GAP01 42 718 0.17 0.707769 (9) 0.70262 46.402 7.804 

GAP02 67 350 0.56 0.741911 (10) 0.72496 531.03 325.96 

m= measured isotopic ratios; i= calculated initial isotopic ratios; εNd(T) values were calculated using present day (143Nd/144Nd)CHUR=0.512638 and 
147Sm/144Nd)CHUR=0.1967; CHUR= Chondrite Uniform Reservoir; λ= 6.54. 10-12 a-1 (Steiger and Jäger, 1977) 4.3.4. Al2O3/TiO2 ratio 

Al2O3/TiO2 ratio thermometry gives temperatures of 

Ngovayang orthogneiss between 732 and 928°C with an 

average of 842°C. Temperatures are 732 886°C in the 

amphibolite garnet gneiss with an average value of 847°C. In 

the biotite pyroxene gneiss, temperatures vary from 764 to 

908°C (aver. 832°C), whereas they are ranged between 773 

and 929°C (aver. 843°C) for the pyroxene gneiss (table 4). 

4.3.4. Rutile 

According to rutile thermometry, temperatures of 

Ngovayang orthogneisses range between 659 and 819°C 

(aver. 740°C). These extreme temperatures were also 

recorded in the amphibolite garnet gneiss with an average 

value of 743°C. In the biotite pyroxene gneiss, temperatures 

correspond to an interval range between 681 to 795°C (aver. 

734°C), whereas they vary from 690 to 81 1°C (aver. 742°C) 

for the pyroxene gneiss (table 4). 

4.3.5. Normative Temperatures 

The normative liquidus temperatures of Ngovayang 

orthogneisses range between 799 and 868°C with a mean of 

830°C. Temperatures are 799-842°C in the amphibolite 

garnet gneiss with an average value of 822°C. In the biotite 

pyroxene gneiss, temperatures are 823 868°C (aver. 841°C), 

whereas they range between 826 and 845°C (aver. 834°C) 

for the pyroxene gneiss (table 2). 

Table 4. Estimate temperatures for the NTG. 

 

Amphibole-garnet orthogneiss 

GAG01 GAG02 GAG03 GAG04 GAG05 GAG06 GAG07 GAG08 GAG09 

T(°C)Zr 653 724 782 722 727 709 731 686 764 

T(°C)P2O5 773 671 749 765 723 721 739 694 684 

T(°C)MnZ 697 678 715 709 718 697 711 707 718 

T(°C)Al/Ti 841.1 646 789.5 936.1 868.9 841.3 882.9 885.9 732.4 

T(°C)Rt1 736 732.5 697 819.3 758.6 732.1 773.7 779.5 659.2 

 
Biotite-pyroxene orthogneiss Opx bearing orthogneiss 

 
GPB01 GPB02 GPB03 GPB05 GPB04 GAP01 GAP02 GAP03 GAP04 

T(°C)Zr 707 765 735 710 733 717 775 730 763 

T(°C)P2O5 713 752 775 751 797 739 716 798 733 

T(°C)MnZ 715 695 718 706 699 704 692 723 714 

T(°C)Al/Ti 806.9 764 860.3 907.5 823.1 850 773.5 928.7 818.3 

T(°C)Rt1 713.7 681.2 757.8 795.5 722.9 744.3 690 811.6 721.4 

 

4.4. Dating Results 

Ten whole rock samples were analysed for 
147

Sm
-143

Nd 

isotope compositions. The results are presented in table 3. 

The TDM model ages in these gneisses range from 2597 to 

2318 Ma. In the amphibole-garnet gneiss, the TDM model 

ages have an interval varying between 2416 and 2361 Ma. 

These ages range from 2597 to 2318 Ma in the biotite-

pyroxene gneiss whereas pyroxene orthogneiss shows 2448 - 

2353 Ma age intervals (table 3). 

5. Discussion 

The trondhjemitic gneisses of the Ngovayang area have a 
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magmatic origin (Figure 3e) and this observation can also be 

confirmed by the variability of CaO/Fe2O3 (t) ratios (0.61-

0.98) and low P2O5 contents (0.05 0.26 wt. %; table 1), 

which are similar to those of I-type granitoids [38]. Indeed, 

most samples fall in the S-type field (Figure 3d) and some 

values of (RSr)i are above 0.708 which is characteristic of S-

type granitoids (e.g. GAG02, GPB02 and GAP02, table 3). 

The tectonic discrimination diagrams of [41] are used to 

determining the tectonic setting. In the binary diagrams, all 

samples plot in the volcanic arc granite fields (VAG, Figure 

5c and 5d), in spite of the partially peraluminous and S-type 

characteristics of these trondhjemitic gneisses. Their I- and 

S- type characters suggest that juvenile materials have been 

partially remobilized or recycled. These gneisses have 

slightly to moderate MgO (table 1), Cr and Ni contents 

(Figure 6e and 6f), suggesting small mantle-source 

contribution during genesis of their magma. The wide range 

values of both Sr(i) ratio and Nd(t) of the trondhjemitic 

gneisses (Figure 7 and table 3) and high Sr content indicate 

an insignificant contribution of mantle in their genesis. These 

gneisses have evolved ISr (0.703677 0.741911, table 3 Nd(t) 

(from -16.48 to -10.6, table 3), proving assimilation of some 

upper and lower crustal materials [37, 42-43]. The 

considerable variations of isotopic data values (Figure 7 and 

table 3) indicate that crustal contamination has played a main 

role in modifying the primary composition of these 

trondhjemitic gneisses, representing an old crust probably of 

Archaean origin [4, 18]. Trondhjemitic gneisses have high 

Na2O and CaO, and slightly positive Eu anomalies (Eu/Eu* 

= 1.02 2.8, table 1), which may be due to small amount of 

Na-rich plagioclase accumulation. Each rock type shows 

distinct chemical evolution trends and does not display well-

defined correlations between many major elements and SiO2 

(Figure 3). The presence of garnet and pyroxene which are 

restite unmixing phase can explain chemical variations that 

are observed in these gneisses [44]. The interpretations 

mentioned above show that these chemical variations are 

mostly inherited from both source and restite unmixing 

phase. Fractional crystallization and/or assimilation have 

played a secondary role during their formation. This 

observation is also confirmed by normative assemblages 

which display chemical variations (table 2). The Ngovayang 

gneisses have low K2O/Na2O ratios (< 1, table 1); slightly 

positive Eu anomalies (table 1) and they have a trondhjemitic 

affinity (Figure 3a and 3b) which is consistent with water 

present in the melt [45]. Besides it is known that 

destabilization of plagioclase is caused by both addition of 

water and the lack of peritectic k-feldspar in the melt source 

[45]. Hence, the presence of plagioclase in the water melt 

environment can be explained by slightly positive Eu 

anomalies and the presence of small amounts of k-feldspar in 

the source (Figure 3b, Figure 5b). The CaO/Na2O ratios can 

be used to highlight the effect of source composition in 

granitoid melts [6, 34]. Thus high CaO/Na2O and low 

Al2O3/TiO2 ratio values of trondhjemitic gneisses, could 

indicative of their origin from the melting of psammite 

(Figure 6a); however since their CaO/Na2O ratio values are 

variable and often high (0.25 0.46, table 1), melts may be 

originated from metabasaltic, orthogneiss or amphibolite 

sources, in accordance with laboratory experiments of [6, 34, 

46]. The petrogenetic diagrams of AFM vs CFM and Rb/Ba 

vs Rb/Sr indicate that the magmatic source materials are 

mainly composed of metagreywacke and basalt or igneous 

rocks (Figure 6b and 6d, respectively). In the MgO vs SiO2 

diagram, all samples plot in the metabasaltic and eclogic 

field and partially in the melts from both slab and thickened 

lower crust fields (Figure 6c). Our trondhjemitic gneisses 

display lower K2O/Na2O ratio (0.38-0.51, table 1) values 

than those obtained during the partial melting of the 

thickened lower continental crust with K2O/Na2O ratios 

(usually > 0.5; [47]. Therefore, petrogenesis via thickened 

lower continental crust can be retained partially for these 

trondhjemitic gneisses because slight K2O/Na2O ratios are up 

to 0.5 (table 1). The lower K2O/Na2O ratios are consistent 

with melts from slab melts which display K2O/Na2O ratios < 

0.5 [48-49] and can be mainly retained for these 

trondhjemitic gneisses. Hence the above interpretations are 

agreeing with the generation of these trondhjemitic gneiss 

magmas from both basalt or igneous rocks and from 

plagioclase-rich sources such as metagreywackes metabasic 

mixtures, metagreywackes and metabasics with melt-present. 

The trondhjemitic gneisses have high K2O (2.06-3.1 wt. %) 

content, low MgO (0.86-1.43 wt. %) content, variable Mg
#
 

(39.97-54.82) values, Cr (10 278 ppm) content and Ni (536 

ppm) values; as well as the obtained calc-alkaline 

characteristic of magmas (Figure 3c). All these show that 

magmas derived from the partial melting of both the 

subducted oceanic slab and lower crust, in agreement with 

figures 6e and 6f. Moreover, Sr and Nd isotope ratios which 

display a bit variation for GAG01, GAG02, GAG03, 

GAG08, GPB01, GPB02, GPB05, GAP01, GAP02 and 

GAP03 (table 2) samples, suggest that the magma of 

trondhjemitic gneisses share a subduction related magma 

source [50] and crustal assimilation or heterogeneity in the 

magma source [51]. Whole rock zircon, monazite, apatite, 

rutile [32, 34, 52] and Al2O3/TiO2 ratios, [6] can be used to 

constrain the temperatures of granitoids. Temperatures 

obtained from these geothermometers are generally very 

high; however temperatures obtained from zircon, monazite, 

apatite and rutile are lower than those obtained from 

Al2O3/TiO2 ratios (table 4). On the base of experimental 

studies, accessory minerals (zircon, apatite, monazite and 

rutile) solubility with zirconium, P2O5, LREE and TiO2 are 

negatively correlated with SiO2, attesting that they started to 

crystallize [6, 32, 34, 52-54]. Figure 4 shows that P2O5, Zrn 

and La solubility are positively correlated with SiO2 in GAG 

sample contrary to GPB and GAP which display negative 

trends. All these show that accessory minerals represent a 

cumulate phase in GAG sample and are inherited from the 

source in GPB and GAP samples. Hence, temperature 

constraints within these minerals in GAG sample correspond 

to evolved phase which extends from 653 to 782 °C (table 

4). In the GPB and GAP samples, we have saturation 

temperatures [6, 32, 34, 52-54]. which yield temperatures 
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between 681 and 811 °C (table 4). During partial melting, 

concentrations of Al2O3 in the melt remain constant due to 

buffering by aluminous minerals (plagioclase and garnet) 

while the TiO2 concentration increases with increasing 

temperature due to progressive breakdown of biotite, 

amphibole, ilmenite and titanite at higher temperatures [6, 

55-60]. These gneisses have Al2O3 with constant values 

(14.23-15.16, table 1) and temperatures obtained by 

Al2O3/TiO2 ratios are high, indicating that temperatures of 

crustal anataxis decrease [6]. This probably reflects a 

decreasing instability of Ti-bearing phases with regressive 

crustal fusion [6]. These high temperature values are similar 

to those of normative temperature liquidus (table 2). Hence, 

they correspond to melting temperatures (732-928°C, table 

4). Each rock type and sample in the same lithology show 

distinct temperatures since the variable breakdown level of 

biotite, ilmenite and titanite also produce variable TiO2 

accumulation (table 1) at high temperature. The magma 

densities calculated by temperatures obtained with 

Al2O3/TiO2 thermometer (aver. 2300 kg/m
3
, 2308 kg/m

3
 and 

2306 kg/m
3
; table 4) are slightly similar to those obtained by 

normative composition (aver. 2410 kg/m
3
, 2418 kg/m

3
 and 

2415 kg/m
3
; table 2). Hence, magma density of these 

gneisses ranges between 2300 and 2418 kg/m
3
. 

This study presents Nd-model (TDM) of the Ngovayang 

gneisses which are distinct. The Ngovayang gneisses have 

Nd-model ages varying from 2416 to 2392 Ma, 2597 to 2318 

Ma and 2448 to 2353 Ma (table 3), in Amp-Grt bearing 

gneiss, Bt-Opx bearing gneiss and Opx bearing gneiss 

respectively. Most data show of a Paleoproterozoic model 

age with only one data displaying a Neoarchean model age 

(table 3). These old models (Neoarchean and early 

Paleoproterozoic ages) of trondhjemitic orthogneiss (2597 - 

2318, table 3) indicate the presence of a component with 

long crustal residence time in their source. Such a source is 

compatible with old calc-alkaline arc-rocks. The old age of 

2597 Ma obtained in the GPB01 sample and isotopic 

characters (Figure 7) implies that old Neoarchean crust was 

part of the Ngovayang in the Nyong Complex [4, 18]. 

 

Figure 6. Binary diagrams: a- CaO/Na2O ratio vs. Al2O3/TiO2 ratio diagram for trondhjemitic gneisses with boundary between experimental melts derived 

from metapsammitic And metapelitic sources [34]; b- Molar Al2O3/ ((Fe2O3)T + MgO) (AFM) vs. molar CaO/((Fe2O3)T + MgO) (CFM) diagram (modified 

after [67]; c-MgO vs. SiO2 diagram [67, 68]; d- Ni vs Mg# diagram [67, 68] and Ni vs. Cr diagram [67, 68]. 

In this study, the samples partially plot in the late orogenic 

field, while, other samples fall into the syn-collision field 

(Figure 5e), corresponding to the end of Archean and 

Eburnean orogenies respectively. In figure 5f, composition of 

certain trondhjemitic gneisses displays a crustal-contamined 

calc alkaline whereas others belong to recent mantle derived 
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subduction area. The calc-alkaline nature of these 

trondhjemitic gneisses and the presence of water in the melt 

during crystallization show that they are related to both 

compressional tectonism and subduction [1, 2]. In addition, 

the existence of old crust shown by isotopic data (Figure 7) 

and Neoarchean age found in trondhjemitic gneisses 

(GPB01, (2597 Ma, table 3), chemical compositions of these 

gneisses which show slightly presence of juvenile material, 

the higher level of Ba (table 1) which is similar to those 

found in the Ntem Complex [25, 61-62], testify a crust which 

remobilized during eburnean orogeny in accordance with 

other studies in the Nyong Complex [3, 19]. Thus, the 

Ngovayang massif can be considered as being an Archean 

part of the Ntem Complex which remobilized during late 

Archean and Eburnean orogenies (2597-2385 Ma). In 

agreement with figure 5f, Zr (129-165 ppm, table 1) contents 

and low (Nb/Zr)n values, subduction process took place 

during 2440-2318 Ma period; however with eclogitic ages 

(2090 Ma, [2]), this period can be extended until 2090 Ma. 

The Ngovayang massif may be ascribed to a proximal area 

characterized by (1) reworking and recycling of adjacent 

Archean cratonic crust [19]; (2) subduction [1-2] and (3) 

syncollision products. Consequently, Archaean crust may 

have a North-West extension beyond the actual boundary 

which can be consulted in figure 1a [1, 63]. 

 

Figure 7. εNd(T) vs (87Sr/86Sr)I ratio correlation diagram. Initial bulk earth 

composition of 0.70108 was calculated using values from [69] (87Rb/86Sr = 

0.0827; 87Sr/86Sr = 0.7045). 

6. Conclusion 

The Nyong serie U-Pb data are consistent with eburnean 

emplacement time between 2100 and 2050 Ma of the 

trondhjemitic gneisses which have crystallized from melts 

derived from Neoarchean and Early eburnean (2597-2318 

Ma) and probably resulted by the partial melting of the 

subducted oceanic slab, lower crust and upper mantle 

derived magmas at high temperature values which 

correspond to melting temperatures (732-929°C), with a 

density ranged between 2300 and 2418 kg/m
3 

in the 

Ngovayang massif. These trondhjemitic gneisses also derive 

from basalt or igneous rocks and from plagioclase-rich 

sources such as metagreywackes metabasic mixtures, 

metagreywackes and metabasics with melt-present. The 

Ngovayang gneisses which involved the generation of 

slightly volume of juvenile crust during eburnean subduction 

and syn-collision processes, which may have led to crustal 

recycling close to the older Archaean crust. 
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