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This study presents the western part of Yaounde as a portion of the southern domain, 

found within the PNEFB. It aims is to bring new structural information concerning the tectonic 

evolution of the western part of Yaounde, based on the combined field survey, lithological 

and satellite image processing methods. 

Petrographic study revealed two lithological units: (i) the metasedimentary units 

(migmatites) composed of Kyanite-biotite gneiss, Garnet-biotite gneiss, garnetite and quartzite 

and (ii) the meta-igneous unit (metadiorites) composed of amphibolites. Mineralogical 

assemblages range from amphibolite facies (Amp +Kfs +Qtz ±Grt , Kfs +Qtz +Amp + Bt+ 

Pl+ Spn + Grt ± Cd ± Std) to granulite facies  that is Kyanite-biotite gneiss (Bt+ Grt+ Qtz+ 

Ky+ And +Kfs  ±Px), biotite–garnet gneiss  (Bt + Grt+ Kfs + Qtz + Pl), garnetite (Grt + Bt 

+Qtz+ Ky+ And+ Kfs+ Pl± Px) and finally quartzite (Qtz +Bt ± 0p).These assemblage shows 

that the target site is characterized by medium-pressure(MP), medium-temperature (MT) to 

high temperature (HT) metamorphic facies. The target site where emplaced during continental 

Syn-collisional zone preceded by subduction. 

Analysis of the metamorphic rocks based on structural information, characterized the 

rocks as an imprint of poly-phased progressive deformation with 6 phases of monocyclic 

tectonic evolution. Here, D1 and D2 showed two major events of ductile deformation in which 

the D1 characterize compression that led to an S1 horizontal to sub horizontal foliation, B1 

intra-foliated boudins, on one hand while the D2 marked transposition of D1 structures by 

dextral C2 shears, symmetrical F2 folds. The ductile-brittle D3 is marked by the development 

of dextral C3 shear, F3 fold. While D4 consist of F4 fracture, C4 shear. The D5 deformation 

phased is characterized by a brittle-ductile deformation which is composed of C5 shearing and 

finally, a D6 deformation phase characterized by vertical brittle deformation. 

 

Key word: Metasediments, Deformation stage, western-Yaounde, southern domain 
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RESUME  

 

Cette étude présente la partie Ouest de Yaoundé comme une portion du domaine sud, 

retrouvé au sein de la ceinture plissée Panafricaine. Elle vise à déterminer des informations 

structurales récentes concernant l’évolution tectonique de la partie Ouest de Yaoundé, sur la 

base des méthodes combinées d’enquête de terrain, lithologiques et de traitement d’images 

satellitaires. 

L’étude pétrographique a révélé deux unités lithologiques : (i) L’unité méta-

sédimentaire composée de (gneiss à disthène et biotite, gneiss à grenat et biotite, grenatite et le 

quartzite) et (ii) l’unité meta-ignéé (metadiorites) composé d’amphibolites. Les assemblages 

minéralogies vont du faciès amphibolites (Amp +Kfs +Qtz ±Grt, Kfs +Qtz +Amp + Bt+ Pl+ 

Spn + Grt ± Cd ± Std) au faciès granulite c’est-à-dire gneiss à disthène et biotite (Bt+ Grt+ 

Qtz+ Ky+ And +Kfs ±  Px), gneiss à biotite et grenat (Bt + Grt+ Kfs + Qtz + Pl), grenatite 

(Grt + Bt +Qtz+ Ky+ And+ Kfs+ Pl± Px), et le leucosomes (Qtz +Bt ± 0p). Ces assemblages 

montrent que le secteur d’étude est caractérisé par des faciès métamorphiques à moyenne 

pression (MP) moyenne température (MT) à haute température (HT). Les roches du secteur 

d’étude ont été mis en place dans un context continentale de pré-collisionel   précédée d’une 

subduction. L’analyse des roches métamorphiques basée sur les informations structurales 

montre une empreinte de déformation progressive polyphasée avec 6 phases d’évolution 

tectonique monoclinique. Ici, la D1 et D2 ont montré deux évènements majeurs de déformation 

ductile dans lesquels la phase D1  est caractérisée par une compression qui a conduit à une 

foliation horizontale à subhorizontal(S1), des boudins intra-foliaux, d’une part, tandis que la 

phase D2 est marquée par la transposition des structures D1 par des cisaillements dextres C2, 

des plis symétriques P2, La phase D3 est ductilo-fragile et est marquée par le développement 

d’un cisaillement dextre C3, d’un pli P3,  tandis que la D4 est caracterisée par une fracturation 

F4,  d’un  cisaillement  C4 . La D5 est progressive et est caractérisé par une déformation fragile-

ductile qui est composé de cisaillements C5 et enfin la D6 qui est marqué par une déformation 

fragile verticale. 

 

Mot clés : Métasédiments, Phase de déformation, Yaoundé-Ouest, domaine sud.
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Geologically, Cameroon is characterized by two large lithostructural Precambrian 

bedrock: (i) the Ntem complex representing the northern part of the Congo Craton which 

extends into the central republic with the Bomu complex and (2) the Pan-African Nord 

Equatorial Fold Belt in Central Africa (Penaye et al., 1993; Toteu et al., 2001, 2004). 

The Congo craton is a sub-circular mass with sectional area of about 5,711,000 km2, 

covered by a Paleozoic to recent formations which makeup the Congo basin ( Shang et al., 

2010). The Kaapvaal, Zimbabwe, Tanzania, and the West African craton, which is made up 

of part of the modern tectonically stable continent of Africa formed about 3.6-2.0 Ga, bounded 

by younger fold belts (Toteu et al., 2001). This craton extends from the central southern Africa, 

in the Kasai region (D.R.C), towards Sudan and Angola, cropping as part of Gabon, Cameroon 

and Central African Republic, with a small portion prolonging towards Zambia named the 

Bangweulu block (Ernst et al., 2013). The aforementioned craton and its counterpart, the Sao 

Francisco craton, are resulting from a rigid Gondwana that splitted, leading to the opening of 

the south Atlantic Ocean (Barbosa et Sabate., 2002; Pedrosa- Soares., 2008; Babinski., 2012). 

The PNEFB belongs to a major Neoproterozoic continent-scale orogenic structure 

extending from  Brazil (Sergipano Fold Belt) to Sudan (Oubanguides) and considered to result 

from the collision of several continental blocks including the Sao Francisco and Congo Craton 

to the  south, the West-African Craton and the Latea and Saharan metacraton to the north 

(Toteu et al., 1991 ; Castaing et al., 1994; Abdelsalam et al., 2002; Liégeois et al., 2003; 

Oliveria et al., 2006 ; Ngako et al., 2008 ; Nkoumbou et al., 2014) The PNEFB in Cameroon 

is subdivided into three lithotectonic domain : the Northern, Central and Southern domains 

(Nzenti et al., 1992, 1994; Ngnotue et al., 2000; Toteu et al., 2004; Tchakounte et al., 2017; 

Tchakounte et al., 2021). The southern domain in which the target site belongs has been the 

subject of numerous works such as Nzenti et al. (1988), Metang et al.(2022a), Metang et al. 

(2022b), Mvondo et al. (2007), Betsi et al. (2020). Also known as the southern group of 

the Pan-African Nord Equatorial Fold Belt in Cameroon, the domain comprises the lower 

Dja and Yakadouma series (Vicat et al., 1997), the low-grade Ayos-Mbalmayo-Bengbis series, 

and the medium- to high grade Yaounde series (Nzenti et al., 1988). This domain covers the 

center-south of the country and is located in the equatorial rain forest zone Metang et al, 

(2014) and consists of metasedimentary and meta- igneous rocks recrystallized under 

medium and high pressure conditions (600-800°C; 9-12kb) Metang et al. (2022a). The work 

of Mvondo et al. ( 2007); Owona et al. (2011); Metang et al. (2014) present 4 Phases 

deformational that affected the metasediments of Yaounde. 
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Recent work like that of Bissaya et al. (2023) mentions a multistage deformation of the 

Yaounde metasediments with 6 phases of deformation. These inconsistent results on the 

structural data of the metasediments obviously raise questions about the tectonic evolution of 

the PNEFB. With this in mind, the detailed field work on the metasediments of western 

Yaounde could certainly shed light on the number of deformation phases. The opening of 

several artisanal and industrial quarries would be an asset for making more observations and 

taking a lot of measurements. 

The main objective of this study is to determine the exact number of deformation phase 

that affected the metasediments of the western portion of Yaounde. The specific objectives 

include: 

▪ The inventory of the different petrographic types. 

▪ The taking of structural measurements. 

▪ The classification of structural measurements in the deformation phase. 

▪ Mapping of all the outcrop points of the metasediments of western-Yaounde 

 

Apart from a general introduction and conclusion, this master’s dissertation consists 

of five chapters. 

▪ Chapter I: Natural setting; 

 

▪ Chapter II: Equipment and Methodology;  

 

▪ Chapter III: Fields work and Petrography; 

 

▪ Chapter IV: Geomorphology and Structural analysis; 

 

▪ Chapter V: Result and Interpretation; 
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CHAPTER I : NATURAL SETTING 
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I.1 GEOGRAPHICAL SETTING  

I.1.1. Location 

Found precisely within the Yaounde 6 and 7 subdivisions of the Mfoundi division in the 

Centre region of Cameroon, the target siteislocated between 3°46'31.084'' to 3°54'19.392'' 

northerns and 11°23'53.191" to 11°30' 26.15" easterns, covering an area of about 467.3 km2. 

The sites are characterized by successive elongated, semi orange, dommy to flattened hills 

and low lying areas randomly covered by streams and rivers unevenly (Fig.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Localization map of the target area. A)  Map of Cameroon showing the centre region. 

B)  Map of the centre department showing the position of the target site. C) Topographic map 

of the study area. 
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I.1.2. Climate 

Records obtained from the meteorological station of Mbankomo presented in table 

Ishows that the average annual precipitation and temperature of the sector are 1540/ mm and 

23.3°C, respectively. Based on the graph obtained from this table, the highest precipitation peak 

falls in the month of October, indicating a great deal of rainfall (290 mm). while the almost 

linear horizontal brown bar of temperature, defined an almost constant level of heat and or 

cold althrough the year. This variation in precipitation and slight modification of the 

temperature may account for the dense equatorial rainforest in the sector. Following this data, 

(Tab. 1) an ombrothermic diagram (Bagnoul and Gaussen, 1957) was plotted to show the annual 

variations in precipitation and a relative slight modification of temperature concurrent to the 

target sites provides a four seasonal climatic regime (Fig. 2). 

o an extensive dry season comes December to February; 

o while a short rainy season, from March to June; 

o then a short dry season from July to August 

o and finally, an extensive rainy season from September to November; 

The aforementioned interpretation helps us to conclude that the governing 

climate in this site is the equatorial climate (Olivry, 1986). Note that the minimum and 

maximum portions of the ombrothermic diagram may account for both the respective dry 

and humid periods within the year. 

Table 1:Average climatic data of the Mbankomo station taken over a period of 10 years (2013-

2023). 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Average 

P 

(mm) 

20 60 140 180 200 150 50 70 200 290 120 20 1540=Accumulation 

2 

T(°C) 

48 48 48 46 46 44 44 44 44 44 46 46 46,66=Average 

temperature 

 

Source: www.Weather base.com, consulted on the 8/11/2023 at 3.42 PM. 

 

 

 

 

http://www.weather/
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Figure 2: Ombrothermic diagram of (Bagnoul and Gaussen , 1957) in relation to the target site 

I.1.3. Orography 

A sketch on the geomorphology of Cameroon distinguishes three major characteristic 

reliefs; low altitudes, intermediates and mountainous reliefs (Kamgang Kabeyene, 1998). 

Based on this classification, the target site which is characterized by altitudes varying 

between 650 – 1130 m belongs to low (650 – 680 m), intermediate (680 – 800 m) and 

mountainous- land (800 – 1130 m) respectively. 

The 3D geomorphological block (Fig.3) presents a gentle sloping of the relief from 

SE where we have the intermediate altitudes covered by streams and rivers to some extent, 

then a continuous elevation of elongated, semi orange, dome to flattened hills concentrated 

towards NW of the block. At the lowest intermediate altitudes (< 680 m) are found low lying 

areas which are in some parts occupied by streams and or rivers (e.g., the Mfoundi and Mefou 

Rivers). High altitudes consist of aligned sub-circular (semi orange-like) to elongated circular 
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hills following the NNE-SSW direction, with the sub-circular hills dominating and unequally 

distributed within the environment. 

Comparing with the work of Bitom (1982), the relief are characterized by 

morphological units such as the Inselbergs, sub-circular and flat topped hills at altitudes from 

800 m, 900 m to ˃1130 m respectively and seated on a Precambrian bedrock. The Inselberg 

barrier is represented towards northwest by Mount Nkoldom (122 km) and the south-west 

by Mount Eloumdem (1169 m). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

Figure 3: The 3-digital elevation model of the target site 

 

I.1.4. Hydrography and Drainage pattern 

The target area consist of main rivers to which are attached secondary streams (Fig.4) 

that together connects at zones of confluences, forming structures related to the dendrites of 

trees thus, termed dendritic patterns, as the secondary streams like Nkoumou tends to empty 

their materials and charges into river Nga, then to the Mefou and finally in the Mfoundi 

where they are carried away into the Sanaga river. Materials carried through this movement 

are usually sediments and charges of different values and sizes, rendering the hydrographic 

transportation as supple as through suspension, corasion and abrasion, dependent on the sizes 
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of these particles. This flow in hydrography provide a rapid flow pattern with high energy 

from the youthful through middle to old age stage where the particles that were derived from 

the weathering of the existing Precambrian basement are deposited in order of their weights 

and sizes. As a whole, the target site is made of 5 watersheds with significant uneven 

distributions: Ngaa, Mfoundi, Mefou, Afeumer and Nsaa for the main rivers that flow within 

the sector, forming the main basins. The Mefou takes its source on the western flanks of the 

massif of mbam-minkom to the north and collects water from rivers such as Ngaa and Afeumer 

flowing down N-S where it connects with Nsaa and Mfoundi towards SE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Hydrographic map of the target site presenting the dominant drainage pattern 

 

I.1.5. Vegetation 

The high rate of precipitation in Cameroon confirms the ability of the country to be 

characterized by an equatorial climate, related to a tropical rainforest of two kinds, that is the 

lowland evergreen forest which covers about 54% of the area and the lowland semi-deciduous 
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forest, covering 28% of the total forest. The dense semi-deciduous forest, in which the 

aforementioned target is located consist of abundant tall trees called skunk tree or hazel 

sterculia (sterculiaceae foetida) concentrated around areas such as Mbankomo and Leboudi, 

while the short to almost herbaceous trees called elm (Ulmaceae) are found around the premises 

of Mvogt-Betsi, Nomayos and Akouandoue. This vegetation is said to be secondary as there is 

intense exploitation and deforestation of the various lands respectively for agricultural 

purposes. In effect, this lands are said to be very fertile, since they provide crops like cassava, 

plantains, maize, potatoes, beans and cocoyam for consumption or for sell. Areas not 

affected by such vegetation within the target site are highly urbanized and are claimed to be 

those areas where the access to market for such products harvested from the farmlands are sold. 

It should be noted that the target site and Yaounde or the center region as a whole is 

progressively being urbanized in terms of habitation and the rapidly growing population. 

I.1.6. Life stocks/Fauna 

The study area, just like other villages in Cameroon has varieties of animals, from 

domestic to wild and small to big species such as mouse (Mus musculus), black mamba 

snakes (Dendroaspis polylepis), porcupine (Hystrix cristata) and Buffon’s kob antelopes 

(Kobus kob kob) for wild, cats (Felix catus), dogs (Canis lupus familiaris), pigs (Sus scrofa 

domesticus) and goats (Capra aegagus hircus), for domestic. Birds such as pigeon (Columba 

livia), garden snail (Cornu aspersum) and coq (Gallus gallus domesticus) are equally found in 

this area. 

I.1.7. Soils 

The soils of the target site, just like the Centre region primarily lie on Precambrian 

metamorphic varieties of basement rocks, (gneiss, migmatites, and schists) which generally 

incorporate with organic materials after weathering to form lateritic soils. soils here ar 

widely spread, topographically ranging in thicknesses on slopes and lowlands, obtaining red 

to reddish brown colors due to ions from the makeup, thus are essentially Ferallitic (Yongue 

Fouateu, 1986). Around marshy areas, are some minor concentrations of orthic to 

hydromorphic soils derived from colluvium and river alluvium giving them an essentially 

kaolinitic composition highly rich in quartz, goethite, and hematite (Bachelier., 1959; Ngon 

Ngon et al., 2009). 
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I.1.8. Infrastructures and economic activities 

The study area consists of administrative and public blocks such as a council, 

gendarmerie, hospitals and schools performing function in separate specialties and 

performances based on their training skills and commitments in the various domains. The 

gendarmerie is there to bring peace and security of the population, ensuring they respect and 

maintain the laws and order, following their rights as any other citizen in the country, while 

hospitals provides adequate services to make sure the health conditions of the population is 

improved, in as much as patience are concerned and finally schools such as primary, secondary 

and high schools provide the necessary basic, moderate and advanced educational levels for 

national and international institutions. Thus, preparing the youths for a competent carrier in 

job markets. 

 

I.1.9. Economic activities 

The main activities in the study area are commercial, agricultural and industrial 

exploitations. Buying and selling mainly takes place at the Mendong, Acacia, Mbankomo and 

Mbankolo markets, as products such as cocoyam’s, yams, cassava, plantains, potatoes and 

banana from farm lands are transported to these main markets for commercial activities. 

Agriculture is practiced in large farm lands that vary from an acre to hectares, where crops such 

as palms, plantains, cassava, perishables are cultivated for consumption and commercial 

purposes. Industries such as ARAB CONTRACTORS mainly carryout quarry activities as 

machines at work keeps grinding larger volumes of rocks into varying shapes and sizes, after 

firing the source with dynamites. The Materials (gravel, sand) obtained are mainly used for 

construction of infrastructures. 

I.2. GEOLOGICAL SETTING 

The geology of Cameroon is almost universally Precambrian metamorphic and igneous 

basement rock, formed in the Archean as part of the Congo craton and the Central Africa 

Mobile Zone and covered in laterite, recent sediment and soils. Some part of the country has 

sequences of sedimentary rocks from the Paleozoic, Mesozoic and Cenozoic as well as 

volcanic rock produced by the 1600 km Cameroon volcanic line, which include the still active 

Mount Cameroon. The country is notable for gold, diamonds and some onshore and offshore 

oil and gas. The basement can be divided into two lithostructural units: (i) The Congo craton 

(CC) (Maurizot et al., 1986; Pouclet et al., 2007) found in the southern part of the country 
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under the designation of ‘Ntem Complex ‘and (ii) The Pan-African North Equatorial Fold Belt 

(Nzenti et al., 1984, 1988) or oubanguides belt (Poidevin, 1983; Trompette, 1994), covering 

about two third (2/3) of the country, from the Yaounde group to far north. 

I.2.1. Congo craton 

The Congo craton in Cameroon also known as the Ntem complex is structurally 

subdivided into two main groups, namely the Ntem and Nyong group (Owona et al., 2021; 

Soh Tamehe et al., 2021). 

The Ntem Group (>2.5 Ga) is an ancient granito-gneissic basement found northwest of 

the Congo craton, consisting of Archean TTG suites, high grade metamorphic rocks and narrow 

to elongated greenstone-BIFs, all intruded by extensively late K-rich granitoids (Tchameni et 

al., 2000; Shang et al., 2010; Thieblemont et al., 2018; Akame et al., 2020, 2021). Together 

with the greenstone-BIFs, the basement is crosscut by dolerite dykes striking N-S to NE-SW, 

while presenting a late magmatic event seen by the late highly potassic granitic intrusion (ca. 

2666-2628 Ma) in Ebolowa (Tchameni et al., 2000; Akame et al., 2020, 2021). The supracrustal 

formations in this group were deposited between 3.04 to 2.88 Ga (Chombong and Suh, 2013; 

Thieblemont et al., 2018), while U-Pb on zircon dating gave ages between ca. 3,266 and ca. 

2,850 Ga, corresponding to a TTG and charnockites emplacement, respectively (Takam et al., 

2009; Tchameni et al., 2010). Mafic rocks (metagabbro and amphibolite) from the Ntem 

group revealed a crystallization age of their protoliths at ca. 2.86 Ga (Li et al., 2016; Akame 

et al., 2021). Available structural data indicate that the Ntem group was affected by two 

Archean deformational stages (D1, D2) and a late D3 Paleoproterozoic event (Tchameni et al., 

2000; Owona et al., 2011; Akame et al., 2019). D1 is characterized by a N080E to N120E and 

NNW-trend sub vertical foliation developed during the horizontal shortening coeval with 

high-grade metamorphic conditions Akame et al. (2020). D2 deformation is represented by 

F2 isoclinal folds and C2 ductile shear zones. Finally, the Archean structural trends were 

reworked by N045 to N–S D3 brittle shear zones during the Eburnean/Paleoproterozoic 

orogeny (Owona et al., 2011; Akame et al., 2020, 2021). 

The Nyong group is an Archaen to Paleoproterozoic portion located north-west of the 

Congo craton (Lerouge et al., 2006; Owona et al., 2021; Soh Tamehe et al., 2021). While 

Feybesse et al, (1986) thought this group represented a reactivated portion of the Congo 

craton throughout the Eburnean/Trans-Amazonian to Pan-African/Brazilian orogenic cycles, 

many authors Kankeu et al. (2018), Loose et Schen (2018), Bouyo Houketchang et al. (2019), 

Nga Essomba et al. (2020), Owona et al. (2021), Soh Tamehe et al. (2021,2022) proposed 
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the Nyong group represents a Paleoproterozoic sutured zone sharing the Congo and Sao 

Francisco cratons. This group is structurally categorized by three deformational stages (Ganno 

et al., 2017; Kankeu et al., 2018; Moudioh et al., 2020). The S1 foliation, L1 stretching lineation 

and β1 boudins characterize the first compressional deformation event (D1). The S1 foliation 

is outlined by a compositional layering and a preferred orientation of pyroxene, epidote, 

chlorite, amphibole and needle-like quartz crystals. It mainly trends NW- SE and secondarily 

NE-SW with gentle (15◦–20◦) to steep (~70◦) dips, towards the NE and SW. The related L1 

stretching lineation is visible and trends N044E and plunge 10◦SW. The D2 event is 

characterized by heterogeneous deformation associated with the development of C2 ductile 

shear planes and F2 isoclinal folds with mean fold axis attitude of N016E 84° NNE. The 

latest D3 deformation event is mainly brittle producing veins and joints. The tectono-

metamorphic evolution reveals that D1 event is associated with the granulite facies 

metamorphism, while D2 and D3 are related to retrograde metamorphism under amphibolite 

and greenschist facies, respectively (Ndema Mbongue et al., 2014; Moudioh et al., 2020). 

I.2.2. Pan-African North Equatorial Fold Belt (PNEFB) 

This domain is bordered west by the Trans-Saharanian belt, south by the Congo 

craton and extending towards Borborema province in NE Brazil, forming the Pan-African- 

Brazilian belt (Brito de Neves et al., 2001, 2002). The PANEFB is the most important 

geologic unit in Cameroon (Nzenti et al., 1994). The specificity of this fold belt is the Central 

Cameroon Shear Zone which resulted from the horizontal movement following the multistage 

collision Toteu et al. (2004). This was the collision between the West African Craton, the 

Saharan meta-craton and the Congo-Sao Francisco craton. (Fig. 5a) during the west 

Gondwana assemblage (Casting et al., 1994; Abdelsalam et al., 2002; Ngako et Njonfang, 

2011). Geodynamically, the PNEFB consists of three domains, which are the Northern, 

Central and Southern domains (Fig. 5). 

The Northern Domain extends along the western edge of Cameroon, and into 

Poli (Toteu et al., 2006) and Mayo Kebi regions, SW of Chad (Penaye et al., 1988). It consist 

of : (i) metasediments (greywackes, carbonate argillites, iron argillites) and metavolcanites 

(830Ma; U/Pb age on metarhyolites zircon, (Toteu et al.,1887)); (ii) a gneissic (amphibole, 

biotite and garnet gneiss) and amphibolitic assemblage alternating with retromorphosed 

granulite bands(800-900°C, 13-14 kb) after Bouoyo-Houketchang et al.( 2015) associated with 

a tectono- metamorphic history related to Paleoproterozoic granulite units (2100Ma; U/Pb age 
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on zircon, Penaye et al.(1988) all crosscut by diorites, granodiorites and calc- alkaline 

tonalities dated at 630Ma(U/Pb age on zircon, Toteu et al.,1987); (iii) Neoproterozoic 

orthogenesis whose petrography and geochemistry are compatible with a continental arc 

domain  associated with a subduction zone Bouoyo-Houketchang et al. (2015). 

The Central Domain is a transition between the northern and the southern domain. 

It stretches towards the southern domain and bounded by the Bafia group and towards the 

northern domain to the south of Poli where it is limited by the Tcholliré-Banyo Fault (Toteu 

et al., 2001). The protoliths of orthogenesis from this domain were emplaced during three 

distinct periods, Tonalite-trondjemite-Granodiorite (TTG) suites in the makénéné area 

intruded at ca. 3.0-2.5Ga, and were affected by partial melting at ca. 2,08-2,07Ga, during the 

Eburnean orogeny, and by a magmatic event with a metamorphic overprint at 0.64-0.61Ga, 

during the Pan-Africa orogeny Tchakounte et al. (2017) .This domain is characterized by the 

presence of large faults and shear such as the Central Cameroon Shear Zone (CCSZ) of 

N30°E and N30°E directions (Ngako et al., 2003),and the Foumban-Tibati-Banyo fault which 

are ductile transcurrent shears (Nzenti et al., 1988;Ngako et al., 1991,2003), the Sanaga Fault 

(SF) which is a brittle shear Dumont,(1986) and the Betare-Oya fault which is a ductile brittle 

shear (Kankeu et al.,2009,2010). Structural studies highlight four (04) stages of deformation 

(D1, D2, D3 and D4) (Ganno et al., 2010, Kouankap Nono et al., 2011 and Ntieche et al., 2017). 

The D1 phase is associated with medium-grade amphibolite facies assemblages: 

Qtz+Kfs+Bt+Hbl+Spn/Qtz+Kfs +Bt+Pl+Spn/Qtz+Kfs+Bt+Spn/Qtz+Kfs+Bt+Spn+Grt+Ox. 

It is marked by the tangential movement that led to the development of S1 foliation, Li 

lineation, and F1 folds. The D2 phase associated with amphibolite metamorphic facies is a 

phase of transcurrent tectonics with D2 intrusion, which are set up parallel with the regional 

structures. The D2 is characterized by the heterogeneous deformation marked by simple shear 

in dextral transpressive context which has superpose the D1 deformation. D2 deformation is 

associated with the development of axial plane foliation S2, a mineral stretching lineation L2, 

F2 folds, and C2 shears: The D3 phase of deformation is typically a phase of sinistral 

transpressive tectonics and superposed folding. Structures associated to this phase of 

deformation are, S3 foliation which overprints the S2, L3 stretching lineation and C3 shear 

planes. The essentially brittle phase D4 is characterized by the establishment of fractures and 

granitic veins. This last phase of deformation is also manifested at the regional scale and 

contemporaneous with the central Cameroon Shear Zone. 

The Southern Domain or the Yaounde group (Nedelec et al., 1986; Nzenti et al., 

1988) is limited by the central domain in the north, the Congo craton or the Ntem complex in 
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the south, the Kribi Campo Fault in the west and continues eastward into the Central African 

Republic in the Bole and Gbaya series (Pin et al., 1987). The metasedimentary rocks are less 

than 700Ma with a distinct local Eburnean (~ 2.0Ga) and tonian-Cryogenian (~1.0-0.7 Ga) 

source (Owona et al., 2021). This group consists of three series (Nedelec et al., 1986; Nzenti 

et al.,1988; Vicat et al., 1986; Yonta-Ngoune et al., 2010) which are from east to west: the 

yakadouma series made up of low-to high-grade metamorphic rocks (schist, gneiss, and 

migmatites), the Ayos-Mbalmayo-Bengbis series made up of low-to medium-grade 

metamorphic rocks (schist) and the Yaoundé series (Nzenti et al.,1988; Toteu et al., 2004) 

into hich belongs the study area. The Yaounde series is made of two medium- to high-grade 

lithological units that have thrusted onto the Congo craton during the Neoproterozoic (Nzenti., 

1998; Ngako et al., 2003; Mvondo et al., 2007; Ngako et Njonfang., 2011; Metang et al.,2022): 

(i) a metasedimentary unit consisting of garnet- Kyanite gneisses, garnet-plagioclase gneisses, 

and garnet micashists into which calc-silicate rocks; locally quartzites and talc- schists  are  

inserted (Stendal et al., 2006; Mvondo et  al., 2007).(ii) a meta-igneous unit consisting of 

orthogneiss, metadiorites or pyriclasites, metagabbro, pyroxenites, talc-schists, amphibolites, 

and amphibole gneisses (Nzenti et al., 1988; Nzenti, 1998 ; Yonta-Ngoune et al., 2010; Li et 

al., 2017; Nkoumbou et al., 2014). The latest unit would represent distinct magmatic events 

associated with the evolution of the Yaoundé sedimentary basin from opening and 

oceanization to convergence and closure (Nkoumbou et al., 2014). 

The tectonic evolution in the Yaoundé group is characterized by four main 

deformational phase (D1-D4) of ductile deformation (Mvondo et al., 2003, 2007; Metang et al., 

2014). The D1 and D3 phases correspond to East-West to Northwest-southeast shortening (or 

contraction) and crustal thickening by nappes stacking. The D2 stage corresponds to the North-

South to Northeast-Southwest extension occurring during the orogenic collapse and 

exhumation of the Yaoundé series. D1 represent the nappe stacking stage associated to 

prograde metamorphism that culminates in high-pressure granulite condition. In reverse, 

D2 represents a decompressional stage that occurred as orogeny parallel extension. It was 

associated with intense magmatic underplating and large- scale foliation boudinage and 

(or)gneissic strongly doming that transposed D1 fabrics to form regional strain flat-laying 

ones. The latter was refolded by D3 deformation into F3 folds representing the regional strain 

pattern developed consistently with the East-West trans-saharian convergent system. The D4 

folding stage is tentatively attributed to lateral flow subsequent to a diachronous crustal 

extension. Both D3 and D4 are thought to be contemporaneous events defining a bulk at 
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630Ma under granulite facies condition. Ages below 630Ma are attributed to retrograde 

metamorphism associated with crustal exhumation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: The Pan-African Nord Equatorial Fold Belt of Central Africa: (a) Con t inent  

s ca l e  geodynamic  reconstruction (Oliveira et al., 2006); b) Map of the different 

lithotectonic units of Cameroon with localization of the target site (Tchakounte et al., 2017 

modified in Metang et al., 2022b). 
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I.2.3. Previous work of the target site 

Pioneer researches of Champetier de Ribes et Aubague (1956) as well as recent studies 

of (Mvondo et al., 2007; Owona et al., 2011; Nkoumbou et al., 2014; Fuh et al., 2021) reveal 

the existence of the NNW-SSE-trending faults, which split the Yaounde series indeed, this 

structural discontinuity would represent one of the driving forces related to the history of the 

Pan-African orogeny and the deformation history and mechanisms. Nzenti et al. (1988) proved 

that the Yaounde group is composed of medium-to high-grade series and the low- grade 

Mbalmayo-Ayos-bengbis series while (Nedelec et al., 1986) thrusted onto both the Archean 

Ntem complex, Dja and Yakadouma series, in which the high-grade metamorphic rocks (e.g. 

gneisses) are of calc-silicate composition were rocks like marble, quartzite and migmatites-rich 

orthopyroxenites (Nzenti et al., 1988; Stendal et al., 2006; Owona et al., 2011; Yonta-Ngoune 

et al., 2010),further said that the metamorphic (typically metasedimentary and meta-igneous) 

rocks recrystallized under medium-to high-regional metamorphic conditions which could 

probably be progressive in nature. Then (Nedelec et al., 1986; Nzenti et al., 1988; Vical et al., 

1998; Yonta-Ngounet et al., 2010) shows that the Yaounde group consisted of three 

metamorphic rock categories making up three series, running east to west: the low to high- 

grade rocks (the Yakadouma series), the low-to medium-grade rocks (highlighting the Ayos- 

Mbalmayo-Bengbis series) and finally, the Yaounde series (Nzenti et al. 1988; Toteu et al., 

2004 ; Owona et al., 2011) reveal that metapelites and meta-psammopelites of the Yaounde 

group experienced a multiphase deformation history in which the syn-tectonic deformation 

stages D1-D2 was progressive, leading to a regional dominant foliation S2 in the metamorphic 

rocks that outcrops the sector. Ngnotue et al. (2012) attest that within the metasedimentary 

unit, two types of granitic leucosomes series were distinguished, displaying Insitu leucosomal 

calc- alkaline and high-k calc-alkaline (peraluminous S-types granitoids derived from the 

partial melting of a host metamorphosed pelite) to injected shoshonitic leucosomal series (I-to 

S-type peraluminous granitoids issued to the partial melting of metamorphosed greywackes) 

respectively.  

Mvondo et al. (2003, 2007), Metang et al. (2014) explained that the tectonic evolution 

in the Yaounde group is characterized by four main deformation stages: (D1-D2) represent an 

E-W ductile phase seen by the presence of foliation for example, the D3 and D4 phases 

correspond to a NW-SE shortening (or contraction) and crustal thickening by nappe stacking. 

The D2 phase corresponds to N-S to NE-SW extension occurring during the orogenic folding 
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and exhumation of the Yaounde series. Meta-igneous and metasedimentary unit of the Yaounde 

series display migmatitic feature (Lasserre., 1979; Nzenti et al., 1988; Penaye et al., 1993). 

Bineli et al. (2020) for the first time, robust rutile LA-ICP-MS. U-Pb dates were 

obtained showing that the Neoproterozoic rutile in the Yaounde group occurs in four main 

generation of crystals dated at 719±32Ma, 661±21Ma,630±6Ma, and 561±8Ma alongside 

tectono- metamorphic cycle. Ages older than 620Ma ca. date the prograde metamorphic 

conditions accompanying deformation whose onset is > ca. 719Ma. In contrast. Younger ages 

(> ca.620Ma) are attributed to retrogression and crustal exhumation, with 522±6Ma illustration 

lead loss attributed to Ediacaran tectonism. The Yaounde group is dominantly composed of 

Neoproterozoic crustal material with subordinate contribution from older crusts. Their 

deposition age is older than ca. 632Ma. Finally, Metang et al. (2022c) shows that the 

metasediments rocks of the Yaounde group comprise Grt chlorite schists, Grt micaschists and 

Grt-ky migmatites displaying granoblastic to granolepidoblastic texture and mineral 

assemblages of green schist, amphibolite and granulite facies, suggesting prograde 

metamorphism. The geochemical data reveal wide range of Fe2O3+Mgo+ Tio2 contents, 

from 7.3 to 33.6%, probably reflecting to diversity of lithological units. The protoliths of 

these metasediments are post-Archean shales and greywackes deriving mostly from the Congo 

craton and, or the Adamawa-yadé andesite and granulite. The eroded materials are from 

the upper continental crust source, and were emplaced in an active margin context and / or 

Oceanic Island arc. Bissaya et al. (2023) exposed that four ductile (D1-D4) and two ductile- 

brittle (D5-D6) deformation events dominate the structural evolution of the Neoproterozoic 

orogeny in Yaounde zone. D1 features S1 shallow dipping foliation and F1 isoclinal folds 

which illustrate a simple shear regime, within the early tangential southward movement. D2 

showed a S2 gentle-dipping foliation and a~N-SL2 lineation associated to ~N-S C2 striking 

shears, illustrating the general flattening, within the late southward tangential movement. D3 

featured ~N-trending and~ E-W- shortening folds, whereas D4 featured~ E-W and ~N-S- 

shortening folds, denoting the transcurrent tectonics. D5 and D6 took place-continuously to 

earlier D3 and D4 transcurrent tectonics with flexural-slip folding features which would be 

overprinted by post-orogeny stress regime later. 

 

  



Recent structural data on metasediments in the western part of Yaounde 

 (Centre –Cameroon)  

By: GOUDJOU NANTCHOU NJIPS Liliane 

19 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER II : MATERIAL AND METHOD 



Recent structural data on metasediments in the western part of Yaounde 

 (Centre –Cameroon)  

By : GOUDJOU NANTCHOU NJIPS Liliane  20 

 

To obtain detailed petrographic and structural information of the western part of 

Yaounde, it is advisable to carry out field work and research studies. Reason why as objective 

in this chapter, it would be wise to present and describe the materials used and their methods 

of adaptation in accordance to fieldtrip, and then present the best and convenient methods viable 

to the observation, description, interpretation and result obtained. In this effect, the chronology 

of this chapter start from: 

II.1. MATERIAL 

Field and laboratory studies are very important for a convenient geological work. To 

accomplished these studies, the following equipment facilitated the work: 

• Topographic map: It enables us to locate the study area using its geographical 

coordinates. Several information including the relief (hills, valleys and slopes), 

watersheds, roads and tracks were generated from the topographic map. 

• Geological map: The geological map of the sector was generated with the help of those 

of Champetier de Ribes et Aubargue (1956), Weeck Steen (1957), Owona et al. (2011, 

2013) and Mvondo et al. (2007). This map aided to best comprehend and obtain 

knowledge concerning the assimilation of the previous geologic history in the Target 

site, to better reconstruct the area base on the recent structural data and information 

obtained from the western Yaounde metamorphic terrains. 

• Compass-clinometer permitted us to measure the directions (strike) and dip of various 

structures. These structures (fold, schistosity, shear zone, foliation) provided valuable 

clues about the deformation history of the study area. 

• Garmin 64s GPS (global positioning system) was used in the field to collect geographic 

coordinates for cutting of the specific area under studies on a map and for waypoint 

plotting, thereby identifying the sector in question. This gives a profound identification 

of the area for good studies as outcrops were equally coordinated following the same 

format of identification. 

• Digital camera helped to provide photographs of the various vegetations, outcrops 

and fresh rock samples to appreciate geologic phenomena and ease mega and 

mesoscopic descriptions of the study area. 

• A Geologic hammer was used to crack and split out rock sample on the field for 

better study.  
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• A Note book was used to take some important information on the field, like strike and 

dips, description of some features, rock textures, predictive mineral compositions, 

nature and sketching some important features to avoid confusion and forgetful mind. 

• Sample bag used to collect fresh rock samples for laboratory use. 

• Pencil used to take notes on the field and to draw some features. 

• Cutlass used to clear roads and outcrops to ease movement and give clear access to field 

studies. 

• Pen, bold marker and coins were used as a scale on the different outcrops and 

fresh samples 

• Cement paper help us to tight fresh rock sample collected on the field to avoid 

contamination. In addition to that it equally helps to avoid confusion between the 

different samples, as a code were assign to each sample. 

II.2. METHOD 

II.2.1. Field studies 

We carried out a field work campaign lasting 14 days during the month of April 2023. 

On the field, the best and convenient survey method was on mapping, then outcrop to sample 

scale observations that is, appreciating the general characteristic structures and lithology of 

the outcrops after coordinating them geographically. Outcrops were further studied on the basis 

of their petrology (origin, types and occurrence of rocks) and structural inventory and analysis. 

Fresh archetypal samples of the diverse outcrops were identified and described following the 

lithological types, whilst structural aspects were concerned in identifying and describing 

geologic structures seen on the outcrops. Systematic data were gotten with the help of a 

compass-clinometer, a GPS and a marker as they were all used each time a structure was 

observed. After placing the instruments to obtain data, sketches were made to keep a good 

record of the studied structures. Field studies ended with sample cracking, describing, coding, 

collecting and transportation to the laboratory for petrographic studies 

III.2.2. Laboratory works 

In the laboratory, studies began by some bibliographic research on previous works of the 

resulting researched theme. Macroscopic studies of the various samples were done to determine 

the petrographic types while fourteen (14) thin section were prepared for microscopy at the 

Geoscience Laboratory of Deep Formations and Applications, Department of Earth Sciences, 

University of Yaoundé I. The prepared thin sections were observed and described, to determine 
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the textures, mineralogical associations and assemblages. The relationship between the different 

rock entities were established in order to deduce their tectonic evolution. Nevertheless, 

micrographs were equally taken to appreciate thin section and illustrate the description given 

for the slide. 

Structural studies were based on two major methods, including morpho-structural 

analysis and field analysis. (i) Geomorphologic work consisted of studying reliefs and drainage 

based on topographic and hydrographic maps respectively. Then lineaments from SRTM 

images were sketched and interpreted to provide the relationship between streams, crest lines 

and geologic lineaments to develop field numerical model and produce thematic map. 

Extraction, processing and sketches were realized from softwares like ArcGis10.8, Global 

Mapper 15 and Surfer 16. (ii) Structural studies consisted of identifying and describing field 

observed structures, to provide a relative chronology for their occurrences. 
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CHAPTER III: FIELD WORK AND 

PETROGRAPHY 
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The main objective of this chapter is to verify the geolocal information obtained 

from a 1/50,000 topographic map extract of western Yaounde. The information obtained, 

coupled with the geological insights of the study area provides a better profile to carry on 

petrographic studies that characterizes lithological, mineralogical and micro-structural 

inventories of the geological formations in this sector. 

During field works, outcrops were described in terms of shapes and dimensions (domes, 

slabs and block shaped structures), followed by petrologic characterization and sample cracking 

of the metamorphic sets, lithologically distinguished by meta-igneous and kyanite rich meta-

sedimentary units. Figure 6 shows the sampling points of the different rock types found in the 

study area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 6:  Sampling map of the target area 
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Petrographic studies were done by a complete description of the textures or microstructures, 

inclusions, reactions textures, and mineralogical makeup, to enhance the possible paragenesis, 

mineral associations and characterize the deformations occurring at the microscopic scale, in 

thin section formed from the rocks of this area, to better appreciate recent structural 

(geologic) data within the premises of the western Yaounde. 

III.1. METASEDIMENTARY UNIT 

These rocks are migmatites, they crop out in dome, block and slabs and are observed on 

the hill of Vogt-betsi, Oyomabang, Eloudern, and at the Mbankolo, Nomayos and Leboudi 

quarries (Fig. 8B). These rocks are heterogeneous and present two parts: (1) the paleosome 

which shows a gneissic foliation (Fig. 8A, D) (marked by an alternation of light and dark beds) 

and composed of biotite, alkaline Feldspath, plagioclase, quartz, kyanite and pyroxene, and (2) 

the neosome which is composed of lightly colored bed (leucosomes) (Fig. 8C) and dark bed 

(melanosome) has a massive structure and is visibly made of quartz and Feldspath showing 

no preferential orientation (Fig. 8C). The leucosomes appears in the form of a boudins, a fold 

and veins of variable thickness (centimetric to decametric), (Fig. 8 D, F). 

III.1.1. Paleosome 

The paleosome is the part of the rock which has not undergone partial melting. It has 

retained its gneissic particularity which presents a foliation marked by an alternation, often 

discontinuous, of light (quartzo-feldspathic) and dark (rich in ferromagnesian minerals) beds, 

which is mesocratic in ncolor. On the basis of the mineralogical composition, the paleosome 

has 3 metamorphic facies including biotite-garnet gneiss, kyanite-garnet gneiss and garnetite. 
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Figure 8: Mesoscopic character of migmatites of western-Yaounde: (A) slab outcrop of 

migmatites showing the paleosome bed;(B) blocky outcrop showing pods of metadiorites at 

Fam-Assi; (C) dommy outcrop of migmatites at the Leboudi quarry (D) migmatitic outcrop 

showing banding plane: (E) dommy outcrop garnetite    at the Nomayos quarry; (F) outcrop in 

slab with boudined and folded quartzofeldspathic band at the artisanal quarry of Mbankolo. 
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❖ Garnet- biotite gneiss  

The outcrop is light gray in color, occurring as slab shaped structure that ranges to about 

4 km. They occur at altitude ranging to about 799 m and geographical coordinates 03°53' 45.35'' 

northern and 11° 29' 40,45'' eastern in the Mbankolo quary.  

Based on the macroscopic observation, this rock is light gray in color. Minerals, which 

are distinguished with the naked eyes are biotite, garnet, feldspar, quartz and kyanite (Fig. 

9A).  

Under the light microscope the rock displays a grano-lepidoblastic texture richly 

composed of garnet, quartz, biotite, feldspar, and plagioclase. 

Garnet (40%) c r y s t a l s  are euhedral to anhedral within this rock. This mineral has grain 

sizes that measure 0.2×2.3 mm.  This garnet is ssociated to biotite, quartz and feldspar. Some 

of the garnet are globular in form (Fig. 9C) with no inclusion but shows alteration products 

(Fig. 9B). 

Quartz (20%) elongated to anhedral crystals. Ranging from 0.2×2.3 mm, showing smaller to 

large crystal grains. Associated to feldspar, biotite and garnet, in which some of the quartz 

shows no inclusion but alteration product. (Fig. 9B). 

Biotite (15%) tabular anhedral to subhedral shaped crystals with 0.1×0.7mm in dimension. It 

is associated twith several minerals such as garnet, feldspar, plagioclase quartz (Fig. 9B). Some 

crystals have been altered into sericite. (Fig. 9B). 

Feldspar (10%) appear as anhedral to subhedral in form. Measure 0.1×1.1 mm in association 

with biotite, garnet and quartz. Some of the feldspar are altered into sericite. (Fig. 9B). 

Plagioclase (5%) it is elongated to subhedral in forms. This mineral has grain sizes that 

measure 0.3×1.1 mm and it is associated to biotite, quartz and feldspar. 
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Figure 9: Macroscopic and microscopic character of garnet-biotite gneiss: (A) fresh rock 

sample; (B) granolepidoblastic texture; (C) mineral association and globular garnet; (D) 

transformation of garnet to biotite. 

❖ Kyanite –biotite gneiss 

The kyanite-biotite gneiss bodies in the field outcrop in the form of slabs of about 

several centimeters to few meters. It occurs at altitude of 799 m with geographical coordinates 

N03°53' 45.35'' and E11° 29' 40,45'' in the western portion of the Mbankolo quarry.  

     On the macroscopic scale, it has a dominantly light gray colored with a medium to coarse-

grained nature. Distinguishable minerals are biotite, garnet, feldspar, quartz and kyanite (Fig. 

10A).  
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     Based on the microscopic observations, it shows a lepidogranoblastic texture abundantly 

composed of biotite, kyanite, quartz, garnet, feldspar, andalusite, staurolite, muscovite and 

accessary mineral such as tourmaline and apatite. 

Biotite (30%) crystals are needle-like to anhedral in form. These grains have dimension 

that varies to about 0.2×1.2 mm. Some of these crystals are associated to staurolite, quartz, 

kyanite and garnet (Fig. 10B). It has minute inclusion of quartz (Fig. 10C). 

Kyanite (20%) appears as subhedral to anhedral in form which is most stable at high 

pressure, ranging from 0.7×1.3 mm. Associated to biotite, andalusite, feldspar and garnet (Fig. 

10C). Showing some finger-like inclusion of biotite (Fig.10E), certain crystals are showing 

evidence of alteration. (Fig. 10C). 

Garnet (15%) is subhedral to anhedral in shaped and has 0.2×1.9 mm as grain sizes 

This garnet are elongated and in association with biotite, kyanite, andalusite, feldspar (Fig. 

10C). Moreover, some garnets are skeletal in shaped (Fig.10E).  

Quartz (10%) elongated to anhedral crystals in shaped. Rranging from 0.2×0.6 mm 

which is associated to biotite, kyanite, staurolite and garnet. It has minute inclusion of garnet 

and apartite (Fig. 10B). 

Feldspar (10%) crystals has dimension that measure to about 0.2×1.1mm. They are 

subhedral to anhedral with inclusion of quartz and muscovite (Fig. 10D). It is associated to 

biotite, garnet and quartz (Fig. 10C). 

Andalusite (5%) has grain sizes that measures 1.1×2.0 mm. Most of these grains are 

euhedral to subhedral and are associated with kyanite, feldspar, biotite and garnet (Fig. 10C). 

Staurolite (5%) are subautomorphic to xenomorphic and has 0.5×1.0 mm as grain sizes. 

Occur as inclusion within quartz and biotite. Also, they are in association with kyanite, 

feldspar, biotite as well as quartz. 

Muscovite (2%) Needle-like to anhedral shaped crystals, ranging from 0.05-0.7mm in 

diameter, associated to biotite, feldspar, quartz and kyanite. Muscovite is in inclusion in 

feldspar (Fig. 10D). 

Microcline (2%) found in little quantity in thin section. Occurring as anhedral crystals 

in form and has variable grains ranging from 0.02×0.4 mm. It is associated to biotite and 

quartz, certain crystal like biotite shows alteration product (Fig. 10B). 

Tourmaline (½%) displaces variation in grains sizes ranging from 0.03×0.5 mm. They are 

subautomorphic to automorphic in form and associated with kyanite and apatite. It is in 

inclusion in quartz (Fig. 10D). 
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Apatite (½%) rounded to subhedral crystals in form with 0.02×0.4 mm in dimension. 

It is associated with several minerals such as tourmaline, biotite and quartz. Some of the 

apartite are in inclusion in quartz (Fig. 10D). 

The sample present a mineral assemblage as Bt + Ky + Grt + Qtz+ Std+Tur which 

are characteristics of medium grade metamorphic conditions. The foliation bounded around 

the garnet porphyroblast lead to the development of a pressure shadow zone and the formation 

of a structure in the form of an eye 

(Fig. 10F). 
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Figure 10: Mesoscopic and microscopic character of kyanite-garnet gneiss: (A) fresh specimen 

sample; (B) grano- lepidoblastic texture; (C-D) elongated garnet and transformation of garnet 

to biotite showing coronitic structure ;( E) longitudinal and basal section of kyanite, inclusion 

of biotite in kyanite; (F)  garnet showing coronitique texture.  
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❖ Garnetite 

The garnetites rock samples in the field outcrop in the form of blocks and domes of about 

several centimeters to few meters. They occur at an altitude of 745 m with coordinates 03° 46' 

40.46'' northern and 11° 24' 47.36''eastern in the Kamlang-Nomayos quarry. 

Based on the mascroscopic observation, this rock is ligt gray in color. Distinguishable 

minerals are biotite, garnet, feldspar, quartz, kyanite and pyrite (Fig. 11A).   

Microscopically, the rock displays a granolepidoblastic texture richly composed of 

garnet, biotite, quartz, kyanite, andalusite and feldspar. 

Garnet (45%) crystals are abundantly subhedral to anhedral in form, comprises 0.08×2.8 

mm in terms of dimension. Associated to andalusite, kyanite, biotite and feldspars, forming 

curved and wormy contacts. They are mostly being included by quartz inclusions. Here, there 

is irregular intergrowths, formed as a result of the incomplete reaction of skeletal to polygonal 

garnets transforming to wormy (vermicular) biotites that provide reaction textures as in (Fig. 

11.B, F). 

Biotite (15%) leaf-like anhedral elongated crystals. It has grain sizes that measure 0.2×1.6 

mm in association with kyanite, andalusite, quartz and feldspars, forming concave convex 

contacts. Most of this oriented biotites are seen tapered from garnets as a result of intergrowth 

while some are generally included by quartz and feldspar inclusions. 

Quartz (10%) subhedral to anhedral crystals. Ranging from 0.08×1.1 mm in diameter in 

association with quartz, biotite, feldspar and garnet (Fig. 11C). 

Kyanite (10%) appear as subhedral to anhedral elongated crystals. Which ranges from 

1.1×2.4 mmin sizes and is in association with biotite, andalusite, quartz and feldspar (Fig. 11D). 

The mineral is seen transforming to it polymorph andalusite probably by lose of water as a 

result of decrease in temperature and pressure conditions, forming exsolution microstructures 

around their edges as in (Fig. 11D). 

Andalusite (7%) is elongated to subhedral shaped crystals. Ranging from 0.2×0.8mm and 

it is associated to garnet, biotite, quart and kyanite. It has minute inclusion of garnet. 

Feldspar (6%) anhedral crystals. Its grains vary between 0.2×2.0 mm and is associated to 

muscovite, garnet and quartz. It shows no inclusion. 

Plagioclase (4%) crystals are anhedral to subhedral. Ranging from 0,05×1.1mm which is 

in association with biotite and garnet, biotite is included in plagioclase (Fig. 11E). 
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B 

Pyroxene (2%) seems as subhedral crystal. Ranging from0.4×0.8mm. Some of these 

crystals are associated with garnet, quartz and feldspar. 

Accessory minerals (1%) are represented by opaque minerals which are elongated and 

found in inclusion in biotite and Sphene. It is euhedral in forms. 

The rock in general shows foliation (schistosity) similar to preserved parental sedimentary 

bedding planes, as minerals are oriented following biotite direction, probably indicating 

deformation formed after metamorphism. Symplectic reactions are equally observed around 

the garnet. The rock shows a paragenesis to be that of Grt + Bt +Qtz + Ky+ +And +Kfs 

+Pl+Px and a grano-lepidoblastic texture. 
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Figure 11: Macroscopic and microscopic character of garnetite; (A) hand specimen of pods 

garnet showing the alignment of kyanite; (B) skeletal garnet; (C-F) Grano-lepidoblastic texture. 
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III.1.2. Quartzites 

The quartzites rock samples is constituting the surrounding body, which in the 

field outcrop in the form of metric domes.  It occurs at altitude of 784 m with geographical 

coordinates N03° 53' 4.87'' and E11° 28' 01.94'' in the western border of Afeumenor.  

On the macroscopic scale, it has a dominantly whitish colored aspect with a medium 

to coarse-grained nature (Fig.12). It is subdivided into two that is: Restite and Mobilizer, in 

which the restites is melanocratic in color richly compose of mineral such as biotite and the 

mobilizer is leucocratic in color abundantly made of mineral such as quartz   

Under the light microscope, this rock presents a granoblastic texture and encompasses 

the following minerals: Qtz +Bt+Op (Fig. 12). 

Quartz (95%) is the most abundant mineral phase in the thin section. It is coarse-

grained with 0.4×2.2mm in dimension and forms an aggregate of megacrystals.  Quartz 

Crystals are subhedral to anhedral in form. Some of these crystals are associated with biotite 

and opaque mineral and it has minute inclusion of biotite and opaque mineral (Fig. B). 

Biotite (4%) measure 0.03×0.7 mm. This ferromagnesian mineral has a needle-like 

subhedral to anhedral habit. It has no inclusion and in association with mainly quartz and 

opaque mineral. 

Opaque mineral (1%) crystals are anhedral to subhedral with 0.01×0.5 mm in 

dimension. It is associated with minerals such as quartz and biotite and it has no inclusion. 

 

 

 

 

 

 

 

 

 

 

Figure 12:  Mesoscopic and microscopic characters of mobilizer and restite;(A) fresh rock 

sample (B) minute inclusion of biotite and opaque mineral in quartz. 
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III.2 META- IGNEOUS UNITS 

The meta-igneous rocks of the target site are metadiorites, outcropping as dome and 

slab. This rock is dark to light gray depending on the mineralogical composition observed in 

the field.  At the naked eyes and under the microscope minerals are medium grained in texture. 

The rock is made of quartzo-feldspathic bands that alternate with ferromagnesian bands or 

beds (compositional foliation) (Fig. 13.A, B and C), accompanied with some pockets 

concentrated in garnets, amphiboles and eye shaped feldspars within the Mvolye and Leboudi 

quarry.  

Macroscopically, feldspars, muscovites, biotites, amphiboles, quartz and garnet were 

observed scattered throughout the rock and occasionally as pods of amphibole and garnet 

(Fig.13D, E). Biotite occurs in centimetric to decametric layers in some areas of the rock and 

sometimes making up veins cutting across the bed rock, some amphibole crystals are in 

association with quartz and garnet in the form of sigmoidal coils.  

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: (A-C) Macroscopic and mesoscopic character of amphibolites seened at the Mvolye 

quarry and at the artisanal quarry of Fam-Assi;(D-E) fresh hand specimens of amphibolites. 
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III.2.1. Amphibolite 

Amphibolite is exposed as pavement on the bedrock at the premices of the Mvoyle and 

Leboudi I quarry. The rock is fine-grained, light gray in color, with no visible minerals to the 

eye except plagioclase  and garnet crystals unevenly spotted all over the rock. Situated at an 

altitude of 832 m with geographical coordinates 03° 53' 48.57'' northern and 11° 26' 21.32'' 

eastern. 

 Under the microscope the rock has a nemato-granoblastic texture made up of 

amphibole, feldspar, quartz and garnet. 

Amphibole (40%) shows subhedral elongated crystals, with size varies from 0.2 to 4.0 

mm in dimension (Fig. 14C). This minerals are associated  with quarty,garnet and felspars and 

Some sections contain inclusions of  quartz while other show alteration in biotite (Fig.14D). 

Minerals are oriented following amphibole (Fig.14C). 

Feldspar (25%) crystals are subhedral to anhedral in form. The dimension of crystals 

is variable  in sizes  0.1× 0.8 mm and it is frequently associated with quartz and amphibole. 

Quartz (20%) elongated to subhedral crystals. The grains size of quartz is up to 0.2×0.8 

mm in forms and is associated in certain cases with amphibole, garnet and felspar (Fig.14B). 

Sometimes quartz occurs as inclusion within amphibole and alkali feldspar crystals (Fig.14D).  

Garnet (10%) skeletal subhedral to anhedral crystals in shaped, comprises 0.2×1.2 

mm in terms of dimension. It is associated with amphibole and quartz and it shows minute 

inclusion of quartz (Fig. 14A). 

Biotttite (5%) sub-automorphic in form, can be seen with grain sizes that measures 

0.03×0.2 mm. it is in association with amphibole, quartz and feldspars and shows no inclusion. 
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Figure 14: Microscopic character of amphibolites: (A) dommy outcrop ;(B) fresh sample ;(C- 

D) nemato-granoblastic texture and mineral association. 
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III.2.2. Staurolite-cordierite gneiss 

The outcrop is light gray in color, occurring as slab shaped structure that ranges to about 

40km. It occurs at altitude of about 753 m and geographical coordinates 03°47' 57.59'' northern 

and 11° 26' 20.92'' eastern at the Bibong Bidoum Antennoire area. 

    Based on the microscopic observation, distinguishable minerals are garnet, biotite, 

muscovite, kyanite, quartz and feldspar.  

Under the bright microscope, the rock displays a grano-lepido-nematoblastic texture 

abundantly composed of quartz, biotite, plagioclase, kyanite, garnet, muscovite and pyrite. 

Feldspar (25%) occurs as subhedral to anhedral crystals. This grains measure 0.1×1.0 

mm and it is associated with quartz, amphibole and biotite (Fig. 15 D). 

Quartz (20%) crystals are subhedral in form, comprises, 0.1×2.2 mm in terms of 

dimension. It is associated with plagioclase, biotite, feldspar and amphibole, it has minute 

inclusion of biotite. Quartz is transforming itself to plagioclase (Fig. 15A). 

Amphibole (15%) elongated to subhedral crystals and ranging from 0.2×2.6 mm. It is 

in association witht quartz and feldspar where it has minute inclusion of biotite and feldspar 

(Fig. 15B). 

Biotite (15%) seems as anhedral elongated crystals. It has grain sizes that measure 

0.4×3.1mm in association with biotite, feldspar, cordierite and quartz, and showing alteration 

product. Biotite is seened included in amphibole (Fig. 15B). 

Plagioclase (10%) has a subhedral to anhedral habit. It has 0.3×2.0 mm grain sizes 

and is in association with biotite, quartz and amphibole, forming triple points and contacts. 

The contact between the associated minerals above are un even and rough. Biotite and quartz 

are seened in inclusions in plagioclase. 

Garnet (7%) crystals occurring as subhedral to anhedral in form, can be seen with grain 

sizes that measures 0.3×0.7 mm. It is in association with quartz, feldspar and biotite forming 

triple points and contacts (Fig. 15A). The contact between feldspar and the other minerals 

(biotite and feldspar) are rough and un even. 

Cordierite (4%) euhedral shaped crystals, comprises 0.4×0.9 mm. It rarely has 

inclusion and is associated with biotite and feldspar. 

Staurolite (3%) appears as anhedral crystals, ranging from 0.3×0.6 mm in sizes. 

Associated to plagioclase, quartz, biotite and feldspar. 

Pyrite (1%) it is euhedral in form, ranging from 0.2×0.4 mm. Which associated to 

biotite, garnet, quartz and feldspar and it shows alteration product (Fig. 15A). 
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Figure 15: Microscopic characters of Staurolite-cordierite gneiss (A, B) grano-nemato- 

lepidoblastic texture and inclusion of biotite in amphibole; (C) transformation of plagioclase to 

biotite; (D) mineral orientation following biotite 
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Petrographic characteristics of rocks in the target site. 

Table 2: Summary of the different rock type of the study area 

 

Metasedimentary unit 

Rock 

name 

Occurrences Microstructures Mineral assemblages Metamorphic 

Facies 

 

facies 

Kyanite-Biotite  

gneiss 

Slab Grano- 

 

lepidoblastic 

Bt+Grt+Qtz+Ky+And+

Ky 

 

fs±Px 

Granulite 

Garnetite Dome Grano-

lepidoblastic 

Grt + Bt +Qtz+ Ky+ 

 

And+ Kfs+ Pl± Px 

Granulite 

Garnet-Biotite 

gneiss 

Slab Grano- 

Lepidoblastic 

Grt +Qtz +Bt+ Kfs± Pl Amphibolite 

Quartzites Dome Granoblastic  Qtz +Bt ± Op   Amphibolite 

Meta-igneous units 

Amphibolite Slab and 

 

block 

Nemato-Grano- 

   blastic 

Amp+Kfs+Qtz±Grt Amphibolite 

Staurolite 

codierite gneiss 

Slabs Grano-Nemato- 

 

Lepidoblastic 

Kfs+Qtz+Amp+Bt+Pl+

Grt ±Cd±Std 

Amphibolite 

 

CONCLUSION: 

The detailed field mapping and petrographic description of samples from the study area 

helped in classifying these samples as a purely multi-facial metamorphic lithological set (Tab. 

2) composed of migmatites (biotite-garnet gneiss, kyanite-garnet gneiss, garnetite and 

leucosomes) and metadiorites (amphibolite and staurolite-Cordierite gneiss). These rocks are 

generally characterized by a granoblastic heterogranular texture. Some garnet porphyroblasts 

in garnet gneiss exhibit poeciloblastic microstructures. Helicitic texture was identified in 

amphibolite, while the foliation bounded around the garnet porphyroblast lead to the 

development of a pressure shadow zone and the formation of a structure in the form of an eye 

structure. 
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CHAPTER IV: GEOMORPHOLOGY AND 

STRUCTRURAL ANALYSIS 
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    This chapter present the geomorphology which aim is to highlight the relationship 

between the shapes of the relief and lithology of the study area, to determine the tectonic 

evolution imprinted on metamorphic rocks and associated formation through geometric, 

kinematic and dynamic analysis of structural elements on the megascopic, macroscopic and 

microscopic scales. 

IV.1. GEOMORPHOLOGY 

IV.1.1. Orography 

The orographic map (Fig.16) of the sector highlight two portions, a SE low lying river 

characterized area, justified by low altitude contour lines that widens and spaces out from a 

WSW-ENE direction and the NW hilly to mountainous environment in which hills and/or 

mountains trends toward the NE-SW directions and noticed by the presence of tight, chucked 

up or compact concentric high altitude contours (750-1050 m) for exemple around Eloumdem, 

Centre and Oyomabang. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: The orographic map of the target area. 
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This map was designed or constructed from an SRTM image of the centre region of 

Cameroon, that provides information on the different altitudes of the target area, showing 

variations in the elevation of relief models drawn from 4 sectional profiles (Fig.17: A-B, C-

D, E-F and G-H) that exhibits 3 geomorphological units (Fig. 18). 

 

- The low altitude units (shown at the right part of profile A-B and E-F) which occupies 

the SE and extend towards SSW, ranging from about (600 - 700 m), consisting of U- 

shaped valleys, occupied by streams, rivers (e.g. Ngaa) or run offs that takes their 

sources up slope transporting in regolith and other fragments from highlands through 

intermediate to lowlands. The regolith may later incorporate with organic matter to 

form soils, reason why the low lands are abundant with soils. 

- Intermediate altitudes regroup elevations ranging from 700 to 950 m consisting of 

a chain-like sub-circular hills to elongated domes in the NW-SE (profile G-H), NNW- 

SSE, (profile E-F) and NNE-SSW (profile C-D) directions. The hills are characterized 

by varieties of metamorphic rocks like gneisses, amphibolites etc designed with 

structures. 

- High altitude units which extends from 950 to more than 1100 m towards NW-

SE (profile C-D) direction. They are characterized by cone and dome shaped chain-

like summits on one hand and U-V shaped valleys on the other hand. They are equally 

composed of metamorphosed rocks of different varieties having fascinating structures 

like folds, bandings, and shear structures. 
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Figure 17: The topographic map showing the cross section of the target site 
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Figure 18: Cross section of the target site showing 4 profiles 

IV.1.2. Hydrographic patterns 

 

Seeing that the low lying areas or altitudes composes of lowlands that are generally 

characterized by rivers (Mefou river), a hydrographic lineament (Fig. 19) of the sector was 

drawn from the hydrographic SRTM, to foster a map that shows the hydrographic networks 

as a dendritic pattern, with dendrites trending in all directions. Based on this map, a 
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hydrographic hierarchy was produced to reveal the regional flow of the four main and several 

secondary rivers of the target site to determine the order of watersheds and courses. The 

orders of the watercourses are between 1 and 4 and illustrated on the hydrographic map of the 

study area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.19: the hydrographic pattern of the target area 
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The hydrographic lineament map (Fig. 20A) provided rosettes that confirms the general 

directions (E) of the hydrographic network in relation to the river sources that correlates to 

the fracture types. Thus, this data helped to correlate and distinguish between river rich fractures 

and dry fractures generated from normal lineaments. In a specific sense, the flow over rides the 

NNE-SSW trend, with the major streams showning the high peaks. The highest peak lodged in 

the SE takes the direction of N109E. These streams may also give an account on the formation 

and widening or narrow nature of fresh or water rich fractures of the target site (Fig. 20B). 
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Figure 20: The hydrographic lineament of the Target site (A) and the directional rosette of 

hydrographic lineaments extracted from the SRTM image (B) 

IV.1.3. Slope identification and analysis 

The slope (Fig. 20) of the study area proves the presence of hills with positive gentle 

slopes recognized by concentric repeating yellow-orange or reddish brown colors (up to 47°) 

in the NW and trending towards NNE –SSW on the map. The gentle slopes are continuous 

from one hill, then a valley or lowland to the next hill and another valley or lowland, giving 

adulatory sensations that perhaps resembles fold chains. These slopes characterize a good 

transport condition that cleared them from every rigorous nature of fragments developed 

through weathering or human activities. Thus, even though a small portion of the slope may 

not be significant as of what concerns human activities, making some parts of the target site 
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difficult enough to be accessed. However, greater portion of the slopes in the area still have 

good propensity for farming at one end and at the other for construction of houses and roads 

as seen during fieldworks. The slope map equally highlights crest and troughs lines (whose 

talweg is highlighted up to 47°) with depression bottom seemingly taking U to V shapes as 

seen on the profiles above. Regarding the nature of the crest and trough lines, one notices a 

gentle to steep slope rising from 8° (yellowish green portion of the map seen on the legend) 

to 47° (reddish brown to orange portion), thus, defining alignments of visible hills and/or 

mountains as ridge lines on the map from the NNE to SSW. Below 8° are lowlands while above 

47° are very high altitudes that are not accessible to man easily. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 21: The slope map of the target area and its surrounding digitalize from an SRTM imag 
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IV.1.4. Lineament analysis 

The map for lineaments provides information on the regional scale arrangement of 

geological structures base on SIG and SRTM satellite image management. The resulting map 

of lineaments was made using cartographic softwares like ArcGIS 10.8. Corrections made 

with Hill shades were prepared according to directional scans, pre-programmed according to 

the position of the sun in the study site and following this corrections, 02 main filters namely: 

Gradient and sobel filters engered the overview of these lineaments thus, allowing 

identification and vectorising of all the straight bulging lined structures on the map of the 

target site. As shown in the map below the target area is intensely fractured with exception 

of the NW part of the sectors which has little fracture (Fig. 22A). 

 

 

 

 

 

 

 

  

                                                                                                                        

 

Figure 22: Lineament analysis map of the target site (A) and the directional rosette of the 

lineament of map extracted from an SRTM images (B). 

The directional lineament rosette of the map highlights the main direction of structures 

in the N089E. The data obtained from the target site shows that field observed structures 

that ties with the lineaments are lines, schistosity, cleavages in high grade rocks, foliations and 

folds having preferential orientation in the NNE -SSW direction (Fig. 22 B). The ridge line 

map helped to identify and characterize hilly to mountain chains of the study area (Fig. 23A) 

by highlighting the position, shape and orientation of the mountains or hills. These lines are 
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concentrated toward NW on the map, indicating the density of hills/mountains along the NW 

border of the western part of Yaounde. These hills/mountains are elongated to sub- circular 

and/or circular in shape, generally aligned to the W-E direction.  Thus, fostering the circulation 

of water in the target area downslopes and in lowlands or valleys. This could account for the 

good water flow of rivers like the Mefou. Rosette generated from ridge map highlights a major 

direction of N142°E for the hills/mountains, influencing crest lines towards NW of the sector. 

The rosettes also highlight the general direction of the crest line as N071°E, which roughly 

defines the entire crest lines of the sector that is 14 ridge lines listed (Fig. 23B). 

 

 

 

 

 

 

 

 

Figure 23: The ridge line map of the sector and its surrounding (A) and the directional rosette 

of the ridge line map extracted from an SRTM image (B). 

IV.1.5. Fracturing lineament 

Considered as crustal phenomena on rocks exposed as surfaces, in road cuts or stream outcrops, 

linear fractures are innumerable, commonly spaced fractions of a meter to a few meters apart 

and in different orientations. In the characterization of the study area which may have some 
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potentials for hosting a repository information at depth in crystalline bedrocks, it is essential 

to understand the existent framework of brittle deformation zones in the bedrock. The fracture 

lineaments of the study area were acquired around 3:30 am., local time, when sun's rays came 

from NW position at a moderate elevation angle. Fractures occupying depressions trending NE 

are shadowed on their SE side, and therefore, stand out in the image as shadow relief (Fig. 

24A). Those trending NW are equally illuminated on both sides hence, largely invisible and 

easily missed. The directional rosette of these fractures shows directions for the linear fractures 

grouped at regular intervals (10°) such that the length of the tapering bar in each interval is 

proportional to its frequency distribution (17%) among all the lineaments in the intervals 

distributed over 180o; that encompasses NNE to SSW trends. Note that the dominant direction 

for these fractures is N092E, with highest peaks in the NE and SE directions respectively (Fig. 

24B). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: The fracturing line map of target area (A) and the directional rosette of the 

fracturing line map digitalize from an SRTM image (B).
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IV.2. STRUCTURAL ANALYSIS 

Western Yaounde is made up of high grade metamorphic rocks that have been affected by 

a multistage deformation, generally characterized on the bases of the deformational stages 

below. 

IV.2.1. D1 deformation stage 

D1 exhibits schistosity or foliation, boudinage and fold planes selectively segmented into 

planar structures. These structures can be represented as follows. 

IV.2.1.1. S1 Foliation  

The S0/S1/S2 plane (Fig. 25A) of the study area is generally marked by preferred mineral 

orientation and compositional bandings in the gneisses of Akouandoue, Nkolbison, 

Mbadoumou, Bibong -Bidoum and Mbankolo quarry. The bandings are millimetric to 

centimetric, composed of ferromagnesian (mafic or dark e.g. biotite, garnet and amphiboles 

in a preferred orientation) layers, alternating the quartzofeldspathic (felsic or light colored 

e.g. quartz, feldspars) layers, forming planes generally striking from N138E 32° NE to N140E 

18°NE.  

V.2.1.2. B1 boudins 

The B1 boudins are intra-foliated and contemporary with the S1 schistosity, they are 

mostly observed in the quartzofeldspathic layers of the migmatites striking toward SE and seen 

as complete boudins on one hand, while others show pinch and swell on the other hand due to 

much compression around the edges and less extension towards the swelled areas (Fig. 25 B). 

In some area like Nkolbison synschistose intra-foliated boudins are consist of minerals such as 

biotite, quartz, feldspar, biotite and kyanite (Fig. 25 C), probably resulting from concentrated 

hydrothermal fluids that crystalized at the time of compression and extension (Fig. 24C). 

IV.2.1.3. F1 fold 

The F1 fold are observed in the quartzo-feldspathic layer. They are intra-foliated and 

syn-schistose, in some area within the migmatites of the Mbankolo quarry. They are mostly 

observed at the Mbankolo quarry and at the hill of Vogt-betsi of direction N045E (Fig. 25A).
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Figure 25: Structural element observed in the target site related to the D1 deformational phase: 

(A) F1 foliation; B) B1 pitch and swell boudins; C) quartzofeldspathic B1 boudins. 

The stereographic projection (Fig. 26A) of S1/S2 foliation planes indicates that the 

cyclographic traces are more compact in the NW-SE and NE-SW directions with contradictory 

dips. The planes foliation dips mainly in the NW. Thus, interpreting the existence of folds. 

Poles concentrated SE of the stereogram may account for compression (shortening) and slight 

extension (slight elongation) following the NE-SE directions. Stress axes (Fig. 26B) that 

probably results from such deformation provides orientations: σ1 (N124. 72°), σ2 (N281.17°) 

and σ3 (NO13. 6°). Thus, we have φσ1˃φσ2˃φσ3 indicating that the D1 deformation would 

be a flattening induced by a shortening NE-SE. 
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Figure 26: Stereographic representation of the F1 foliation planes of the target site: (A) 

cyclographic traces; (B) polar diagram 

IV.2.2. D2 deformation stage 

The D2 phase is ductile-brittle and affects the gneisses of the study area. The result of D2 

phase are structures such as S2 foliation, B2 boudins, F2 fold, C2 shear and L2 lineation 

designed on both the metasedimentary and meta igneous units of the western Yaounde. 

IV.2.2. 1.S2 foliation 

Probably developed from S1 in the course of the progression of D1 to D2 and are 

parallel to the C2 shear which may have engendered the process, thereby producing F2 joints 

(Fig. 27B). This structure can be confirmed by the presence of the S2 crenulation cleavages at 

Vogt-betsi, formed as a result of continual stress initiation and are then developed by further 

dissolution of quartz in the fold limbs (Fig. 27D). 

IV.2.2.2. B2 boudins 

They are observed in the migmatites of Mbankolo quarry. These boudins are in the 

form of complete and incomplete sausage filled with quartzo-feldspathic minerals only (Fig. 

27B). They occur as continuous asymmetrical series, each developed due to compression and 

extension, forming pinch at their junctions. The sausages encountered in the study area are of 

size variation cm, pointing in the NE direction, with a sinistral movement. 
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IV.2.2.3. F2 folds 

F2 fold formed by continuous compression of the S2 foliation on the metasediments and 

metadiorites of the Nkolbison quarry and the of Mvogt-betsi outcrops respectively, where S1 

exist as relics. The fold type here is symmetrical inclined levo-rotatory sinistral, oriented 

NNW-SSE and dipping 10◦ NE (Fig. 27D). It is important to note that the rock composition 

and competence play a vital role in the formation of the F2 fold. F2 folds are 2cm in 

diameter, having axial planes running parallel to the fold direction. Large folds commonly 

have smaller-scale folds in their limbs and crest formed during flexure of layered rock where 

slip occurs between rocks layers known as parasitic folds are mostly common in the 

metasedimentary rock of western Yaounde mainly made of M-fold (Fig. 27 A) in which the 

hinge line are symmetrical dipping at NE direction and the S-fold in which the short limbs 

appear to have been rotated counterclockwise (Fig. 27B) which are asymmetrical dipping 

in the northern direction. 

IV.2.2.4. Lm2 mineral lineation 

Rocks of the study area contain lines or lineations that are widely oriented in different 

directions depending on their spatial positions and dispositions which is formed by the 

alignment of kyanite crystals in biotite-garnet gneiss, kyanite-biotite gneiss and garnetite 

following straight to needle-like paths, thus, attributing the name mineral lineation (Fig. 

27E).It is sub-horizontal ( 2 to 20°) with Lm2 that strike from NW-SE observed at the  

Nkolbison, Mbankolo quarry and  at the hill of Mvogt-betsi. 

IV.2.2.5 .C2 shear 

The C2 shear planes are rare (Fig. 27 F) were mainly observed in kyanite-biotite gneiss 

and biotite-garnet gneiss of the Mbankolo quarry and the hill of Akouandoue. These shears 

are responsible for the slight curling of the quartzo-feldspathic veins and the ferromagnesian 

dark bands which transposed F1 foliation with either sinistral or dextral movement dipping 

towards N160E. 
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Figure 27: Structural element related to the D2 deformational phase D2: A) F2 M- fold; B) F2 

symmetrical fold; C) S-fold; D) S2 crenulation; E) Lm2 mineral lineation F) C2 shearing and 

F2 fold. 

IV.2.3. D3 deformation stage 

The D3 are characterized by transposition of D2 structures. The structures which develop here 

are as follow,  
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IV.2.3.1. S3 foliation  

The S3 schistosity grows in C3 shear joints showing minerals alignment of quartz and 

feldspar mostly observed at the Mbankolo quarry (Fig. 28B). S3 foliation is outlined by a 

lithological banding and a compositional and is locally sheared and folded .in general one 

orientation od S3 plane have been identify as ENE-WSW with an average dip of 

45°ENE,50°WSW recorded respectively in kyanite-biotite gneiss and biotite gneiss. 

IV.2.3.2. C3. shear 

The C3 shear is mostly observed on the gneisses at Vogt-Betsi, Mbankolo and at fam-

Assi. C3 are sinistral (Fig. 29A, C), striking N014E and formed as result of progressive 

deformation inherited from a D2, shown by a quartzo-feldspathic vein that cuts across F2 folds. 

IV.2.3.3. F3 fold 

The f3 fold are mostly observed in the metadiorites and metasediments in the study area 

found at Bibong-Bidoum and Mbankolo quarry, the V3 veins which crosses, intersecting the 

F2 foliation and then a F3 fold is being formed, the F3 fold are either dissymmetrical upright 

folds with sheared limbs or kink fold (Fig. 29B), the altitude of the F3 fold lies between 

N038E and N044E. 

IV.2.3.5. F3 fracture 

In the kyanite-garnet gneiss, the F3 fractures are oriented NO68E and it cuts the 

S1 foliation including the C2 shear in the biotite-garnet gneiss of Bibong-Bidoum Antennoire 

which were caused by stress exceeding the rock strength, causing the rock to lose cohesion 

along its weakest plane (Fig. 29C). The F3 fracture planes altitudes are of various directions 

testify the fact that the rock has undergone a great deformation in time with a fairly high 

pressure; as direction, we have NE-SW, NNE-SSW, ENE-WSW, E-W thus indicated by the 

directional rosette diagram (Fig. 28) 
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Figure 28: Rosette directional diagram of F3 fracture. 

IV.2.3.4. V3 veins 

The V3 veins is sub-vertical and observed at the Mbankolo quarry (Fig. 29A) The V3 vein 

cut across the f2 foliation and F2 fold. The V3 veins are filled with minerals such as quartz 

and Feldspath formed when the mineral constituents where carried out by an aqueous solution 

within the rock mass which were deposited through precipitation due to hydrothermal 

circulation. 
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Figure 29: Structural elements observed at the D3 deformational phase: A) V3 veins and C3 

shear found at the Mbankolo quarry; B) F3 fold, S3 schistosity; C) C3 shear and F3 fracture 

found at the hill of Oyomabang. 

C 

A B B 
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IV.2.4. D4 deformation Stage: 

The D4 deformation stage is characterized by a brittle deformation phase resulting to 

the fracturing of rock. The fractures are infilled by powder cemented material. 

IV.2.4.1. F4 fracture 

At Oyomabang almost all the outcrops are highly fractured throughout the zone 

showing a family of fracture cross-cutting in different directions, with a major dip that is 

N050E. some of the fractures are filled with minerals and while others are completely dry, 

and then the rocks can easily be broken due to the fracture found in it, therefore giving access 

to water to circulate easily (Fig. 30A). 

 

 

  

 

 

 

 

 

 

                                                                           

 

 

 

 

 

 

 

 

 

Figure 30: Structural element related to the D4 deformational phase: (A) F4 fracture fielld 

with quartzo- feldspathic minerals. 
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  The stereographic projection obtained in the D4 deformation stage show that the 

cyclographic traces are more compact in the NNW-SSE and NNE-SSW directions (Fig. 31A.). 

The polar diagram which defines this F4 fracturing (Fig. 31B) characterizes the stress axis that 

probably results from such deformation provides orientation: σ1 (N014. 15°), σ2 (N120. 44°) 

and σ3 (N270 .41°). Thus, we have φσ3 ˃ φσ2 ˃  φσ1 indicating That the D4 deformation would 

therefore be an elongation induced by σ3 stress towards the E-Wdirectin. 

 

  

 

 

 

  

  

     σ1=N14.15 

     σ2=N120.44 

      σ3=N270.41 

 

 

 

Figure 31: Stereographic representation of F4 fracture: (A) F4 cyclographic traces.; (B) F4 polar 

diagram. 

V.2.5. D5 deformation stage 

The D5 deformation phase is characterized by a brittle deformation phase resulting 

to the fracturing of rocks, its consist of C5 shearing and F5 fractures. 

 

V.2.5.1. C5 shear: 

The C5 shearing is characterized by brittle deformation with a dextral behavior 

mostly found at the Mbankolo quarry in which the outcrop is in the form of a slap and then it 

is cutting the D1, D2, D3 and D4 deformational phase.it is also found at the hill of Vogt-betsi 

in the form of a dome in gneisses which dip direction is N160E. 
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Figure 32: Structural element related to the D5 deformational phase: A) C5 dextral shear 

VI.2.6. D6 deformation stage 

The D6 deformation is the last phase of deformation, which is characterized by a brittle 

deformation, consisting of an F6 fracture and F6 joint respectively. 

VI.2.6.1. F6 fracture 

The F6 fracture is cross cutting the dome shaped garnetite of the Nomayos quarry, and the 

hill of Oyomabang presenting conjugate fractures dipping N160E, N146E, N142E with an 

angle of 29°SW. The fracture varies from mm to cm, with some occupied by quartzo- 

feldspathic minerals, while others are dry (Fig. 33A and C). 

VI.2.6.2. F6 joint 

The F6 joint is the last stage of deformation which cross-cut all the rest of the 

deformational phases in all the outcrop of the western part of Yaounde, it is mostly common 

kyanite-garnet gneiss of the Mbankolo quarry and at the Vogt-betsi dome shaped outcrop 

(Fig. 33B). They strike towards N130E and vary in dimension from mm to m. 
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Figure 33: Structural element related to the D6 deformational phase found at the Nomayos 

quarry and the hill of Mvogt-Betsi and Oyomabang: (A-C) F6 vertical fracture found in 

garnetite and kyanite-garnet gneiss; (B) F6 vertical joints found at the hill of Mvogt-betsi. 

 

 

 

C 

A B 



Recent structural data on metasediments in the western part of Yaounde 

 (Centre –Cameroon)  

By : GOUDJOU NANTCHOU NJIPS Liliane  63 
 

Table 3: Summary of the different phases of deformation of the target site 

 

Deformation Mechanism Structure Localities 

D1 Ductile behaviour  S1,F1,B1 Mvogt-betsi 

Nkolbison 

Mbankolo 

D2 Ductilo-Fragile S2, B2,F2, C2, Lm2 Nomayos, 

Mbadoumou 

BibongBidoum,

Mvolye 

D3 Translation of 

Ductilo-Fragile 

 

S3,C3,F3,V3 veins Fam-Assi,Leboudi 

quarry1, Mvolye 

D4 Fragile 

behaviours 

intense 

F4 fracture 

 

In all the locality 

D5 Ductilo-fragile C5 shearing Mont Oyomabang, 

Nomayoquarry 

Mbankolo 

D6 Fragile 

behaviours 

F6 fracture 

F6 joint 

Nomayos quarry 

Mvogt- betsi 
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V. 1. PETROGRAHY 

The western portion of Yaounde to which the study area belongs to revealed two 

lithological units: (i) the metasedimentary units (migmatites) composed of Kyanite-biotite 

gneiss, Garnet-biotite gneiss, garnetite and quartzite and (ii) the meta-igneous unit 

(metadiorites) composed of amphibolites. Mineralogical assemblages range from amphibolite 

facies (Amp +Kfs +Qtz ±Grt , Kfs +Qtz +Amp + Bt+ Pl+ Spn + Grt ± Cd ± Std) to 

granulite facies  that is Kyanite-biotite gneiss (Bt+ Grt+ Qtz+ Ky+ And +Kfs  ±Px), biotite–

garnet gneiss  (Bt + Grt+ Kfs + Qtz + Pl), garnetite (Grt + Bt +Qtz+ Ky+ And+ Kfs+ Pl± 

Px) and finally quartzite (Qtz +Bt ± 0p).These assemblage shows that the target site is 

characterized by medium-pressure(MP), medium-temperature (MT) to high temperature (HT) 

metamorphic facies, locally reaching the granulite facies (T=750-800°C and P=10-12kbar; 

Nzenti et al., 1988; Penaye et al.,1993; Toteu et al., 2004; Owona et al., 2011) of the Yaounde 

series in the southern domain . They underwent partial melting to the migmatitic/gneissic level 

(Nzenti et al., 1988) producing paragenesis that generally fall in Kfs + Qtz +Amp + Bt +Pl 

+Grt ± Cd±Std (metadiorites) and Bt + Grt + Kfs + Qtz + Pl + Ky (metasediments) 

respectively, displaying characteristic medium to high grade metamorphism similar to that 

portrayed by Nzenti et al. (1988). 

V.2. NATURE OF THE PROTOLITH 

The metamorphic rocks of the western sector of Yaounde are generally characterized by 

amphibolites, quartzite and gneisses, each having peculiar petrographic, mineralogical and 

structural characteristics. 

The amphibolites consist of mafic minerals from basic origin and characterized by 

Amp + Kfs + Qtz ± Grt, relative to magmatic protolith. These amphibolites outcrops as domes, 

presenting nematogranoblastic textures, with amphibole and Feldspar indicating the facies 

type (amphibolite) and characteristic of metamorphic zone. The rocks present characters similar 

to those identified in the Fomopea region Fotzing et al. (2019) of Mbe-sassa-Bersi of the 

Adamaoua yadé group (Saha Fouotsa et al., 2018, 2019) and that of rocks in Yaounde, notably 

around the western portion of Yaounde (Metang et al., 2022e). While the migmatites are 

garnetite and garnet-biotite gneiss presenting Bt + Grt+ Kfs+ Qtz + Pl+ Ky and Grt + Qtz 

Bt + Kfs ±Pl. These paragenesis are indicatives of mafic and aluminous minerals that make up 

the bulk rock, originally resulting from the partial melting of a basic rich magma and smooth 

burial of the sedimentary rocks that were metamorphosed. The meta igneous rocks of the 

western Yaounde have characteristics similar to that of Metang et al. (2022c), while the 
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metasediments are comparable to those of the Tchollire Banyo region located in the Nord-

Center of the CPNE (Bouyo et al., 2013), in the Mbe-sassa- Bersi region from the central 

Cameroonian domain (Saha Fouotsa et al., 2019). Moreover, the occurrence of the 

metasediments suggest that the sediment deposition occurred in distensive intracontinental 

context due to a substratum made of Paleoproterozoic formations which are the source of the 

metasediments as suggested by Bouyo et al. (2013), Saha Fouotsa et al. (2019) indicates that 

the sources of the metasediments are Archaean, Paleoproterozoic and Neoproterozoic whose 

age of protolith deposition is located at 725±12 years old.  

V.3. TECTONIC EVOLUTION 

Structural study of the western Yaounde highlights six major phases of deformation D1, 

D2, D3, D4, D5 and D6, presenting different characteristics. The geological deformation phase 

D1 assigned as a compressive and thrust tectonic phase under a simple shear regime 

characterized by the development of sub-horizontal S1 foliation, B1 boudins and F1 isoclinal 

folds (Mvondo et al., 2003, 2007; Owona et al., 2011) developed in migmatites (kyanite-biotite 

gneiss, garnet-biotite gneiss) oriented mainly NE -SW direction. 

The D2 assigned as an extensive tectonic phase under a pure shear regime characterized 

by a ductile- brittle nature result from the tectonic transposition of structures (F2 folds, F2 

vein joints and C2 shear) of D1 as proposed by (Mvondo et al., 2003, 2007; Owona et al., 

2011; Mbola et al., 2014 and Metang et al., 2014). The sub-horizontal F2 vein joint are marked 

by mechanical stretching of quartzo-feldspathic layer. The F2 folds of asymmetrical/ 

monoclinic nature of sub-horizontal axial plane and the C2 shear planes (of dextral polarity 

and directions NNW-SSE) rotates and shifted the foliation of the previous deformational D2 

stage (Metang et al., 2014). 

The D3 deformational phase transposed and reoriented the structures of the anterior D2 

stage, it represented by the C3 shears of dextral kinematics, local fracturing of variable 

direction F3, S3, F3fold representing the regional strain pattern developed consistently with 

the E-W trans-saharian convergence system (Mvondo et al., 2009, Ndzana et al., 2014). The 

fragile or brittle deformation phase D4 is characterized by vertical kilometric constriction which 

intersect in a major sense with the other structures of previous deformation D1, D2 and D3. The 

major fractures have the direction NW-SE added to secondary fracture of direction NNW-SSE. 

This NW-SE direction of these fracture is similar to the works of (Metang et al., 2022b; 

2022d and 2022c). 
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The D5 and D6 structures are respectively shear, fractures and veins that developed due 

to an early progressive shear stress regime mechanism that developed to brittle behavior. 

However, these structures have been overprinted by post-orogenic stress regimes, thus, existing 

as over printings and some ones as relics (Bissaya et al., 2023) 

V.4.CONTEXT AND GEODYNAMIC EVOLUTION OF THE TARGET SITE 

The metamorphic rocks of the western part of Yaounde present meta-sedimentary rocks 

revealing an ancient sedimentary basin which result from extensional processes in the northern 

boundary of the Congo Craton, guided by rifting, and fragmentation. Petrographic studies of 

these rocks present a paragenesis similar to medium grade metamorphism of amphibolite 

facies on one hand, and high grade granulite facies (migmatites) on the other hand. These 

paragenesis are similar to those obtained by Nzenti et al. (1988). Western Yaounde is 

characterized by a continental Pre-collisional zone preceded by subduction (Metang et al., 

2022d; Miyashiro,1961), additionally presenting quartzo-feldspathic to quartz rich veins, 

probably formed in an intraplate domain, reflecting the existence of an extension which 

lead to the establishment of a rift (Nkoumbou et., al 2014; Tchakounte et al., 2021). 
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GENERAL CONCLUSION AND PERSPECTIVES 
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GENERAL CONCLUSION 

This study present petrographical and structural data of the metasedimentary and meta- 

igneous rocks in the western part of Yaounde, with the aims to discuss their petrogenesis and 

structural settings. The result obtained lead to the following conclusion: 

Field mapping and petrographic description review the rocks of the study area to be the 

metasediments that have been migmatised (kyanite-biotite gneiss, biotite gneiss, garnet-biotite 

gneiss, garnetite and quartzite), and the amphibolite of the meta-igneous rocks. These rocks are 

generally characterized by granoblastic heterogranular texture that indicates complex tectono- 

metamorphic evolution mark by granulite, hornfels and amphibolite facies assemblages of 

plurifacial metamorphic evidence (prograde metamorphism). 

The deformation feature imprinted on these rocks marks a continuous deformation from 

lineations through schistosity (cleavages) to foliation then folds to fractures engendered by 

Ductilo-brittle deformation with phases D1, D2, D3, D4, D5 and D6. Were the D6 where 

characterized by brittle failure thereby producing fractures and veins. This deformation shows 

an intraplate major deformation of the Pan-African block on which part of Cameroon rest. 

Western Yaounde is characterized by a continental Pre-collisional zone preceded by 

subduction, additionally presenting quartzo-feldspathic to quartz rich veins, probably formed 

in an intraplate domain, reflecting the existence of an extension which lead to the 

establishment of a rift. 

PERSPECTIVES 

       Western Yaounde is found in the southern domain of the Pan-African Nord Equatorial Fold 

Belt in Cameroon, Where the current studies help to understand the metamorphic evolution, 

protolith and deformation of the rocks to characterized the recent deformational phases. 

However, detailed studies on mineralogy, isotope geology and geochronology will be required 

to confirm the evolution of the rocks including their deformational phases within the sector.  In 

addition, the opening of several artisanal and industrial quarries would be an asset for making 

more observations and taking a lot of measurements. 
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Table 4: Summary table of the different sample collection coordinates. 

Sample 

code 

Coordinate 

system (DMS) 

Altitude 

(m) 

Name of the 

rock sample 

Locality 

G01 N03°51'21,76'' 

E11°28'14,14'' 

812±11m Migmatites Akouandoue 

G02 N03°51'51,31'' 

E11°28'1,3'' 

818±9m Migmatites Carrefour 

Akouandoue 

G03 N03°51'50'' 

E11°27'55'' 

915±12m Migmatites Mezesam I 

G04 N03°53'48,57'' 

E11°26'21,32'' 

832±5m metadiorites Leboudi 1 

quarry 

G05 N03°52'33'' 

E11°24'46,60'' 

755±5m metadiorites Fam-Assi 

G06 N03°52'34,10'' 

E11°24'52,2'' 

740±5m Migmatites Fam-Assi 

G07 N03°52'30,76'' 723±5m Migmatites Fam-Assi 

G08 N03°52'50,31'' 766±4M Migmatites Fam-Assi 

G09 N03°53'13,61'' 

E11°26'47,78'' 

776±4m migmatites Fam-Assi 

G10 N03°51'5,97'' 

E11°27'50,35'' 

753±4m Migmatites Oyomabang 

G11 N03°48'47,27' 

E11'25''57,78 

744±5m Migmatites Arab 

contractor 

G12 N03°48'23,54'' 713 ±4m Migmatites Mbadoumou 

 E11°26'13,57''    

G13 NO3°47'57,59' 

E11°26'20,92'' 

753±4M Migmatite Bibong- 

Bidoum 

G14 N03°53'45,35'' 

E11°29'40,45'' 

799±4M Migmatites Mbankolo 

G15 N03°53'40,87'' 

E11°28'1,94'' 

784±4m metadiorites Afeumenor 

G16 N03°50'39,14'' 

E11°30'19,84'' 

766±4m migmatites Old Mvolye 

basilica quarry 

G17 N03°47'33,51'' 

E11°26'31,27'' 

704±3m migmatites Nsaa 

G18 N03°46'40,46'' 

E11°24'47,36'' 

745±5m migmatites Nomayos 

quarry 
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Table 5: Foliation planes measurements and some fractures direction 

N◦ Trend Dip Plunge N◦ Trend Dip Plunge 

1 28 12 ESE 33 41 38 NW 

2 26 20 WNW 34 47 34 NW 

3 140 66 NE 35 45 40 NW 

4 140 18 NE 36 48 40 NW 

5 171 12 WSW 37 74 10 SSE 

6 152 20 ENE 38 82 10 SSE 

7 176 64 ENE 39 85 05 SSE 

8 171 62 ENE 40 62 13 SSE 

9 39 40 NW 41 72 10 SSE 

10 28 19 WNW 42 85 8 SSE 

11 26 17 WNW 43 80 8 SSE 

12 44 16 NW 44 78 7 SSE 

13 47 18 NW 45 76 6 SSE 

14 30 17 NW 46 76 6 SSE 

15 38 10 NW 47 83 03 SSE 

16 18 20 WNW 48 10 14 WNW 

17 138 32 NE 49 12 26 WNW 

18 135 62 SW 50 17 20 WNW 

19 56 30 NW 51 38 10 NW 

20 50 36 NW 52 152 60 SW 

21 46 40 NW 53 151 29 SW 

22 45 37 NW 54 159 40 SW 

23 48 38 NE 55 146 30 SW 

24 44 39 NW  

25 40 40 NW 

26 39 38 NW 

27 44 33 NW 

28 44 42 NW 

29 43 35 NW 

30 46 44 NW 

31 50 35 NW 

32 49 37 NW 
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Some fracture direction 

1 120 

2 166 

3 10 

4 N010E 

5 N036E 

6 N108E 

7 N102E 

8 N146E 

9 N30E 

10 N120E 

11 N40E 

12 N150E 

13 N110E 

14 N098E 

15 N142E 

16 N010E 

17 N160E 

18 N146E 

19 N142E 

20 N148E 

21 N070E 

22 N068E 

 

 

 

 

 

 
 

 

 

 

 

 


