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Abstract 

The Misajé pluton is situated in the western domain of the Central African Fold Belt. It is made up of biotite hornblende 
granite, biotite granite, leucocratic granite, granodiorite and biotite hornblende orthogneiss and intrudes a basement 
composed of biotite hornblende gneiss and amphibolites. Four phases of deformation can be defined in these rocks. D1 phase 
is represented by early E–W trending foliation that has been progressively rotated parallel to S2 overprinting foliation 
occurring in the basement and the biotite hornblende granite intrusion as well. D2 phase is coeval with ductile sinistral NE–
SW strike–slip tectonics that controls granite emplacement in the Misajé area at 569±12 Ma. The D3 phase of ductile sinistral 
N–S strike–slip is responsible of the emplacement of biotite granite at 560±9 Ma. The D4 phase of dextral N–S strike–slip 
deformation occurs at 532±35 Ma along the eastern border of the Misajé pluton. The Deformation evolved from the 
magmatic to the solid–state deformation. The mylonitic deformation observed in biotite granite, is revealed by highest 
magnetic anisotropy percentage (P%), implying that P% parameter in the Misajé pluton quite illustrates the intensity of 
deformation. The high dominance of the triaxial shape ellipsoid observed in the Misajé pluton suggests that shear 
mechanism with a high component of flattening is the main controlling structure of the Misajé granite emplacement.  
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1. Introduction 

The Misajé pluton belongs to the so–called syn– to 
late–tectonic intrusions of the Central African fold 
belt (CAFB) in Cameroon. This belt includes three 
lithostructural domains separated by major shear 
zones (Fig. 1): the northern, central and southern 
domains. The central domain is located between the 
Sanaga Shear Zone (SSZ) to the south and the Buffle 
Noir–Mayo Baleo (BNMB) shear zone to the north 
(Ngako et al., 2008; Fig. 1). This domain is made up 
of Paleoproterozoic meta–sediments and 
orthogneisses intruded by widespread syn– to late–
Neoproterozoic granitoids. The available 
petrographic and geochemical data on few 
granitoids (Tagne Kamga, 2003; Nzolang et al., 2003; 
Njanko et al., 2006; Djouka Fonkwé et al., 2008; 

Njiekak et al., 2008; Kwékam et al., 2010) are 
compatible with the subduction to post–collisional 
tectonic settings. These granitoids are calc–alkaline 
and mostly metaluminous than (slightly) 
peraluminous. They were successively emplaced 
during the subduction up to the post–collisional 
stages of the Pan–African tectonic evolution.  
In this paper, we present an integrated structural 
study including anisotropy of magnetic 
susceptibility (AMS) parameters (total anisotropy 
percentage (P%) and shape parameter (T)), structural 
and microstructural data to constrain the structural 
model of the Misajé pluton. Its main petrological and 
geochronological data have been given by 
Tetsopgang et al. (1999, 2008). 
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2. Geological setting 

The study area is situated between latitude 06°33’ – 
06°45’N and longitude 10°30’ – 10°40’E, within the 
transition domain between the central and the 
northern domains of the CAFB, around the 
Neoproterozoic Trans–Saharan Belt neighbourhoods 
formed between 750 and 500 Ma (Abdelsalam et al., 
2002). Several authors have worked in the study area 
and surrounding areas (Peronne, 1969; Tetsopgang 
et al., 1999; 2008; Yakeu Sandjo et al., 2007; Ganno et 
al., 2010). Previous geological investigations 
conducted by Peronne (1969) describe in the Misajé 
area, homogeneous biotite amphibole granite, and 
heterogeneous potassic calc–alkaline granite 
intruding migmatitic gneisses. These rocks are 
partially recovered by basalt. According to 
Tetsopgang et al. (2008), the granitoids of Nkambé 
area are composed of foliated and massive biotite 
monzogranite, hornblende biotite granite, 

granodiorite and two–mica granites. The two–mica 
granites comprise magnetite free granite and 
magnetite bearing one. As massive biotite granite, 
two–mica granite modal composition ranges from 
syenogranite to granodiorite. The foliated biotite 
monzogranite is characterized by preferred 
orientation of K–feldspar phenocrysts in N–S to 
NNE–SSW directions. Its long axis is parallel to the 
regional subvertical trending structures probably 
emplaced during the folding event (Tetsopgang et 
al., 2008). According to Yakeu Sandjo et al. (2007), 
the western Nkambé area is characterized by three 
deformation phases (D1, D2 and D3). The D1 
deformation phase is characterized by N105° to 
N146°E flat lying closely spaced foliation planes and 
associated to a low grade metamorphism. The D2 
phase of deformation is characterized by (1) S2 
foliation that is N10°E sub–horizontal (07° towards 
ESE; best pole 280/83) in metamorphic rocks and 
N39°E43°SE in plutonic rocks; (2) sub–horizontal L2 

 

Figure 1. (a) Geological sketch map of Central-North Africa (western Gondwana) and location of the study area (Ngako et al., 2008; 
redrawn and re–interpreted from Küster and Liégeois, 2001). (b) Pan–African structural map of Cameroon (Ngako et al., 2008; modified 
and re–interpreted from Toteu et al., 2001). Large grey arrow represents syn–D1–3 regional main stress direction. Thick lines = shear zone 
(SZ): BSZ = Baché SZ; BNMB = Buffle Noir–Mayo Baleo SZ; CCSZ = Central Cameroon SZ; GGSZ = Godé–Gormaya SZ; MNSZ = Mayo 
Nolti SZ; RLSZ = Rocher du Loup SZ; SSZ = Sanaga SZ. 
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quartz mineral stretching lineation (best line 199/08) 
sub–parallel to the fold axis (best axis 218/24). The 
D3 phase of deformation is characterized by dextral 
N30°–40°E shear planes. These authors conclude 
that, the regional finite strain is dominantly marked 
by syn–D2 structures. Ganno et al. (2010) described 
in the Kimbi area (a few kilometres to the northwest 
of the study area), four deformation phases: (1) an 
early Pan–African stage (D1) of tangential movement 
immediately followed by (2) two stages (D2 and D3). 
D2 phase is characterized by NE–SW S2 mylonitic 
foliation planes with moderate to high dips in 
granitic rocks, NW–SE steep ductile shear zones 
dipping moderately towards the SW and N28°–70°E 
mineral stretching lineation plunging moderately 
(40°) towards the NE. This D2 phase is a 
heterogeneous simple shear in dextral transpressive 
context. D3 tectonic phase is characterized by N40°–
50°E S3 schistosity with moderate dips towards the 
NW, L3 stretching lineation associated with S3 and 
sub–parallel to the F3 fold axis with low to moderate 
plunges towards the NE. This deformation phase is 
also marked by dextral transpressional movements. 
D2 and D3 are associated with medium–grade 
amphibolites facies metamorphism. (3) A brittle 
stage responsible for the emplacement of granitic 
veins, faults and joints marks the D4 phase. 

3. Field relationships and petrography 

The Misajé pluton is composed of biotite hornblende 
granite (BHG), biotite granite (BG), leucocratic 
granite (LG), granodiorite (GD) and biotite 
hornblende orthogneiss (BH–orthogneiss). This 
pluton intrudes a high–grade metamorphic 
basement made up of biotite hornblende gneiss 
(BH–gneiss) and amphibolites. These rocks are 
partially covered (in western, eastern and 
northeastern parts) with volcanic rocks (Fig. 2). BHG 
constitutes the most abundant petrographic unit. It 
is exposed in the central part of the study area as 
flagstones and/or bowls in the Dumbu and Misajé 
localities. BG outcrops as a dome on the western part 
of the study area, near Misajé (Fig. 2); it intrudes the 
BHG and the contact is always sharp. GD crops out 
as elongated bodies of decimetric to decametric 
length within BHG (Fig. 2). LG occurs as veins 
cross–cutting the northern part of BG (Fig. 2). BH–
orthogneiss occupies the mylonitized eastern part of 
Misajé pluton (Fig. 2), here referred to as the 
Mbandé shear zone. BH–gneiss is banded with 
alternation of dark and white layers and outcrops in 
form of flagstone in the northwestern and south–
southwestern part of Misajé area, and as enclaves (≤ 
1 m long) in BHG. It is limited at the eastern edge by 
the ductile Mbandé mylonitic zone (Fig. 2). 
Amphibolites are of two facies: (1) banded 
amphibolites and (2) massive amphibolites. In 
general, they outcrop either as flagstone along the 

border of the pluton or as xenoliths in the BHG. The 
two facies also look very different each other in 
composition and grain size.  
BHG is grey in colour, medium– to coarse–grained 
and porphyritic in texture (presence of isolated 
phenocrysts of feldspars in a groundmass). The 
groundmass consists mainly of quartz, plagioclase 
(with sometimes mechanical twinning), microcline, 
biotite, and hornblende (Fig. 3a). Accessory minerals 
are zircon (regularly as inclusions in hornblende and 
biotite) and oxides (likely developed at the expense 
of biotite or hornblende).  
BG is greyish, fine to medium–grained and consists 
of quartz, K–feldspar, plagioclase and biotite (Fig. 
3b). Quartz grain shows undulatory extinction. 
Accessory minerals include oxide, zircon, apatite 
and allanite.  
LG is white in colour, medium to fine–grained and 
displays granular texture. It is composed of quartz, 
plagioclase, K–feldspar (Fig. 3c), myrmekite and 
microcline. Apatite and oxide represent accessory 
minerals.  
GD is dark–grey in colour and contains 
clinopyroxene and hornblende which show a 
retromorphosis phenomenon (Fig. 3d). Also are 
present abundant plagioclase, K–feldspar, few 
quartz and accessory minerals (oxides, apatite and 
zircon).  
BH–orthogneiss is grey to dark–grey in colour and 
composed of biotite, hornblende, quartz, plagioclase, 
K–feldspar. Common accessory phases are sphene, 
allanite, zircon and oxides. The texture is 
granoporphyroblastic (Fig. 3e).  
BH–gneiss is grey in colour, medium– to coarse–
grained with preferred orientation of minerals and 
granoblastic texture. Dark layers are composed of 
biotite, hornblende and plagioclase and white layers 
are made up of quartz, K–feldspar and plagioclase. 
Accessory minerals are sphene, zircon, oxide and 
apatite.  
Amphibolites are dark in colour, coarse–grained for 
massive amphibolites and fine–grained for banded 
amphibolites (especially in dark bands). The 
common minerals are amphibole, plagioclase, K–
feldspar and few biotite (Fig. 3f). Oxides, apatite and 
sphene constitute the accessory phases.  

4. Geochronology 

Using CHIME (chemical Th–U total Pb isochron 
method) on zircon and allanite crystals in rocks, 
Tetsopgang et al. (1999, 2008) determined 560±9 Ma 
on sample M8, 532±35 Ma on allanite and 523±45 
Ma on zircon from BH–orthogneiss (Sample I10) 
and 569±12 Ma on hornblende–biotite granite. We 
have established here correlations between dated 
samples from Tetsopgang et al. (1999, 2008) and 
outcrops of the present study (Fig. 2b): 
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Samples N1, N2 and M8 (foliated biotite 
monzogranite) correspond to BG in this study and 
samples I8 and I10 (migmatite gneiss and granite 
respectively) are on the same GPS coordinates with 
BH–orthogneiss.  

5. Structures and microstructures 

5.1. Structures 

Rocks from the study area are more or less 
deformed. They are characterized by magmatic and 
gneissic foliation, magmatic and mineral stretching 
lineation, folds, shear planes and boudins. Here, 
foliation is used as descriptive term of any 
penetrative planar feature that occurs in rocks. In the 
following sections, we refer to the foliation as S with 
the same indices for the associated deformation 
phase. 
Magmatic foliation, observed in granites from 
Dumbu and Mayo Kilan is characterized by the 
preferred orientation of euhedral to subhedral 

crystals: perthitic K–feldspar phenocrysts, 
plagioclase and amphibole (Fig. 4c, e) acquired 
during the magmatic stage or later. Gneissic foliation 
is observed in BH–gneiss from south and south–
west Misajé and west Dumbu and in BH–
orthogneiss from Mbandé. It is characterized by 
alternation of dark and white layers (Fig. 4b, d).  
S1 is identified in BH–gneiss. It is represented by 
early E–W trending foliation (Fig. 4a) that has been 
progressively rotated parallel to S2 foliation 
observed in the BH–gneiss and the BHG as well. S3 is 
observed in BG and S4 is observed in BH–
orthogneiss. The S1 foliation is sub-perpendicular to 
the S2 foliation (Fig. 4a). It shows low dips (12–32°) 
towards the North. Lower hemisphere projection 
diagrams (Fig. 5a) indicate 180/88 and 198/82 as 
best poles. 
In BH–gneiss, S2 foliation (Fig. 4a, b) appears as the 
result of the transposition of previous S1 foliation. 
This foliation strikes NE–SW with moderate dips 
(24–50°) toward SE or NW  

 

Figure 2. Geological sketch map of Misajé granitic pluton showing the sampled stations and locations of dated samples 

(I8, I10, N1, N2, and M8) by Tetsopgang et al. (1999; 2008). 



Fozing et al. / Syllabus Review, Sci. Ser. 5, 2014 : 12 - 26 

16 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
On the lower hemisphere projection diagrams (Fig. 
5a), the S2 foliation poles plot along the NW–SE 
direction. In BHG, magmatic S2 foliation surfaces 
(Fig. 4c, e) are well developed with NE–SW strikes 
and high dips 66–76° toward the NW or SE. On the 
lower hemisphere projection diagrams, magmatic S2 
foliation poles are well regrouped either in NW or 
SE frame (Fig. 5a). The basement rocks, sometimes 
present in form of xenoliths in BHG, also indicate S2 
foliation in the same orientation (strikes and dips) 
with the BHG magmatic foliation and those of the 
host rock. 

In BG, foliation surfaces S3 strike N–S with low to 
moderate dips (28–53°) toward the east. The lower 
hemisphere projection diagrams show an 
organization of foliation poles in the western frame 
with best poles at 89/37 and 90/62 (Fig. 5b).  
In BH–orthogneiss from Mbandé (Fig. 4d, g), the S4 
mylonitic foliation planes also strike N–S as in BG 
with moderate to high dips (44–74°) towards the east 
or the west (Fig. 5b).  
Mineral lineation is defined as preferred orientation 
of euhedral or subhedral mineral grains with 
elongated shapes such as amphibole. 
 

 

Figure 3. Microphotographs (crossed polar) of different rock–types in the Misajé pluton. (a) porphyritic texture in biotite amphibole 

granite; (b) heterogranular grain in biotite granite; (c) granular texture in leucocratic granite; (d) Retromorphosis phenomenon in 

granodiorite; (e) Granoblastic texture in BH–orthogneiss; (f) Granoblastic texture in massive amphibolites. 
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Scarce in the study area, it is materialized in BHG by 
acicular amphibole crystals on the S2 magmatic 
foliation planes as magmatic lineation in Mayo Kilan 
area and in the southeastern part of the pluton. This 
lineation strike NE–SW with moderate to high 
plunges (54–76°) towards NE. The stretching 
lineation is characterized by deformed, constricted 
grains of minerals such as quartz ribbons and biotite 
flakes commonly expressed on foliation planes in 
BH–gneiss and BH–orthogneiss. In BH–orthogneiss, 
lower hemisphere diagrams (Fig. 5b) show the best 
line at 354/11. Magmatic lineation refers to the 
organization of millimetric to decimetric long axis of 
fusiform (Fig. 4e) or elongated shapes of dark 
enclaves in BHG. These enclaves are aligned parallel 
to the preferred orientation of alkali feldspar 
megacrystals with low plunges (26–43°) towards SE.  
Fold profiles outlined by S1, S2 and S3 foliations are 
observed in the BH–gneiss from west Dumbu and 
south and south–west Misajé (for S1 and S2) and in 
the BH–orthogneiss from Mbandé (for S3). These 
folds have an anisopaque shape (swelled hinges and 
laminated limbs, Fig. 4f) and are characterized by 

visible axial plane cleavages (Fig. 4a, f, g) marked by 
biotite flakes or stretched amphibole crystals. These 
axial plane cleavages are E–W for S1 folded foliation 
and N–S for S4 one.  
σ–type kinematic markers (porphyroclasts or 
boudins; Fig. 4i) are structures linked to rigid objects 
in mylonitic matrix. They are observed in shear 
bands and used as shear indicators. The shape of this 
structure is controlled in one hand by the coupling 
of the object and the matrix and in the other hand by 
shearing deformation gradient in shear planes. In 
BH–orthogneiss, the shape of σ–type markers 
indicates a dextral sense of the shear movement. 
Shear planes, observed in granites and BH–
orthogneiss, are characterized by discrete planes or 
quartz feldspar filled planes that shift the rock 
foliation. The C3 shear planes, observed in BH–
gneiss sometimes crosscut the BHG veins and 
indicate sinistral sense of motion (Fig. 4h). The 
rhythmic development of these C3 shear planes also 
develop strain–slip schistosity in the BH–gneiss  
 
  

 

Figure 4. Field photographs exemplifying various deformation features within the granitoids and the basement rocks of Misajé pluton (a) 

S1 relictual foliation in the BH–gneiss of Misajé; (b) S2 foliation in BH–gneiss of Misajé; (c) S2 magmatic foliation in the BHG of Misajé; (d) 

S4 foliation in BH–orthogneiss of Mbandé; (e) Magmatic lineation in BHG of Misajé; (f) P2 folds in the BH–gneiss of Dumbu; (g) Axial plane 

schistosity in BH–orthogneiss of Mbandé; (h) Homogeneous disposition of S2 in BH–gneiss and S2 in BHG; note the C3 shear; (i) 

asymmetric boudins indicating the sinistral shear in BH–orthogneiss of Mbandé; note the C4 shear planes. 
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Figure 5.  Field foliation maps and projection diagrams of (a) S1 and S2 foliation poles; (b) S3 and S4 foliation poles. S1 and S3 

diagrams are shaded. 
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where they transposed the S2 foliation plane that 
seems to outline a preferred orientation of minerals 
in NW–SE direction with high dips (72–80°) toward 
the NE. Shear sense indicators mostly occur in BH–
orthogneiss. The most commons include: (i) oblique 
orientation of quartz long axis in quartz ribbons 
parallel to S4 and (ii) C’–dextrally sheared boudins in 
BH–orthogneiss (Fig. 4i). 
Boudins are observed in BH–orthogneiss where they 
are either of quartzo–feldspathic or amphibolitic 
(Fig. 4i) composition and moulded by BH–
orthogneiss foliation S4. They have an asymmetric, 
rhomb to lens–shape. The inter–boudin surfaces, 
known here as discrete slip–surface of dextral shear 
planes, are associated to wider ductile zone. This 
describes dextral shear band boudins (Goscombe 
and Passchier, 2003). 

5.2. Microstructures 

In the aim to study the internal structure of the 
Misajé granitic pluton in order to explore if the 
macroscopic scale deformation is observed at 
microscopic scale, we need a detailed study of its 
microstructures. Several authors have defined 
microstructural criteria, essentially based on the 
observation of quartz, feldspar and biotite (Paterson 
et al., 1989; Bouchez et al., 1990; Passchier and 
Trouw, 1996; Vernon, 2000; Nédélec and Bouchez, 
2011). Deformation in the Misajé pluton took place at 
(i) magmatic state, (ii) submagmatic state, (iii) solid–
state at high, moderate or low temperatures and (iv) 
mylonitic state (Fig. 6). 

5.2.1. Magmatic deformation 

Typical magmatic microstructure is characterized in 
GD by plagioclase grains which show variously 
sutured to euhedral boundaries, fairly undeformed 
biotite and amphibole, quartz and K–feldpar as 
anhedral interstitials between mainly plagioclase 
(Fig. 7a). Quartz grains have no more than weak 
undulose extinction but are frequently present in the 
border of plagioclase. The presence of myrmekites 
(Fig. 7b) in some thin–sections indicates the 
transition between magmatic and sub–magmatic 
textures (Tribe and D’Lemos, 1996).  

5.2.2. Sub–magmatic deformation 

Sub–magmatic deformation markers are recorded in 
BHG and BG. They concern mostly feldspar and 
biotite. Plagioclase shows intracrystalline fractures 
with infiltration of residual melt that further 
crystallized into quartz and minor K–feldspar (Fig. 
7c). This indicates, according to Bouchez et al. (1992) 
and Nédélec and Bouchez (2011), the typical 
submagmatic state. K–feldspar lacks any 
intracrystalline deformation while quartz generally 
shows weak undulose extinction and a typical 

chessboard pattern. According to Paterson et al. 
(1998), the development of chessboards marks the 
transition between sub–magmatic deformation and 
solid–state deformation. 

5.2.3. Solid–state deformation  

Solid–state deformation marks are observed in BHG, 
BG and LG. They are characterized by (1) 
recrystallized aggregates of quartz and biotite 
surrounding deformed residual phenocrysts of 
quartz, K–feldspar, amphibole and plagioclase; (2) 
polycrystalline quartz crystals as ribbons sometime 
around feldspar minerals indicating high 
temperature solid state deformation (Tomassi et al., 
1994) (Fig. 7d); (3) quartz neocrystals organization in 
form of honey comb at the border of feldspar 
porphyroclasts (sometime indicating sinistral micro-
shear planes (Fig. 7e)); (4) the microcline twin which 
is considered, according to Eggleton and Busseck 
(1980), as deformation at high temperature. The 
homogeneity in the biotite grain size decreases with 
an increase of the recrystallization of quartz (Fig. 
7d).  

5.2.4. Mylonitic deformation 

Mylonitic deformation is observed in BG (Fig. 7f). 
Some micro–shears and fine–grained zones 
developed in–between the larger primary crystals 
and nuclei of recrystallized quartz appear at quartz–
grain periphery and sometimes inside quartz–grains 
(Fig. 7f). The biotite crystals involved in these micro–
shear zones are commonly transformed into chlorite. 
Quartz monocrystal ribbons are characterized by 
undulose extinction of subgrain boundaries and 
indicate low temperature deformation (Hirth and 
Tullis, 1992). The development of micro–shear 
indicators like mica–fishes or quartz subgrains 
oblique to the shear plane defines a predominant 
sinistral sense of motion (Fig. 7f).  

6. Anisotropy of magnetic susceptibility (AMS) 

Samples were collected using a gasoline–powered 
portable drill–machine with a non–magnetic 
diamond–tipped drill bit. Drilling was done on 160 
stations. At each station, at least two 25 mm in 
diameter oriented cores, a few meters apart, were 
drilled. Each core was cut into 2 to 3 cylindrical 
samples, 22 mm in height. A total of 931 samples 
were analysed in this study. The distribution of 
sampled stations, depending of the extent of a given 
rock–type in the pluton, was as follows: 6 stations in 
leucocratic granite; 77 stations in biotite granite; 70 
stations in biotite hornblende granite, and 7 stations 
in granodiorite (Fig. 2, Table 1). In addition, 13 other 
stations were sampled in biotite hornblende 
orthogneiss and 11 stations in basement rocks 
(biotite hornblende gneiss and amphibolites).
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Figure 6. Distribution of microstructures in the Misajé pluton. 

 

Figure 7. Microphotographs from thin sections showing the typical microstructural character in the Misajé pluton. (a) Magmatic 

microstructure; (b) Transition between magmatic and sub–magmatic microstructure; (c) Sub–magmatic microstructure; (d) Solid–state 

deformation with decreased homogeneity in the biotite; (e and f) S/C structure in biotite granite. Note the sinistral shear plane. 
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Table 1: Anisotropy of magnetic susceptibility of the Misajé 

granitic pluton. P% is the total anisotropy percentage (P% = 100 x 

[(K1/K3)-1]; Nagata, 1961); T = [2ln (K2/K3)/(ln(K1/K3)]-1 is the 

Jelinek’s shape parameter (Jelinek, 1981). 

 

Site Geographic coordinates Scalar data 

  Lon (E) (°) Lat (N) (°) P% T 

Leucocratic granite 
EF069 10.55 6.73 10 ˗0.21 
EF088 10.53 6.71 11 ˗0.03 
EF090 10.54 6.70 4 ˗0.41 
EF099 10.54 6.72 5 ˗0.22 
EF127 10.53 6.68 9 0.08 
EF128 10.53 6.68 6 0.21 
Biotite granite 
EF003 10.55 6.59 4 ˗0.32 
EF004 10.55 6.59 12 0.00 
EF005 10.55 6.60 6 0.05 
EF006 10.55 6.62 22 ˗0.07 
EF007 10.56 6.62 2 ˗0.10 
EF008 10.55 6.59 3 ˗0.10 
EF009 10.55 6.58 4 ˗0.11 
EF010 10.55 6.59 15 0.28 
EF029 10.54 6.57 20 ˗0.36 
EF030 10.54 6.56 4 ˗0.46 
EF033 10.53 6.56 33 ˗0.53 
EF034 10.53 6.57 6 0.21 
EF035 10.54 6.57 5 0.29 
EF036 10.53 6.56 4 ˗0.22 
EF037 10.52 6.56 20 0.41 
EF040 10.52 6.59 11 0.60 
EF041 10.53 6.58 20 ˗0.11 
EF042 10.53 6.59 10 ˗0.18 
EF043 10.51 6.60 18 0.43 
EF044 10.52 6.61 35 ˗0.40 

EF045 10.53 6.61 35 ˗0.31 
EF046 10.53 6.61 29 ˗0.49 
EF047 10.54 6.59 12 0.11 
EF048 10.53 6.60 21 0.62 
EF049 10.55 6.60 9 0.31 
EF050 10.55 6.61 12 0.39 
EF051 10.54 6.56 23 0.23 
EF061 10.51 6.71 4 ˗0.10 
EF062 10.50 6.71 14 ˗0.02 
EF063 10.50 6.71 3 ˗0.40 
EF077 10.51 6.70 6 0.07 
EF078 10.51 6.72 5 ˗0.35 
EF079 10.51 6.73 8 ˗0.02 
EF080 10.51 6.73 3 0.13 
EF081 10.51 6.74 8 0.04 
EF083 10.52 6.70 2 ˗0.13 
EF084 10.52 6.70 7 ˗0.01 
EF085 10.52 6.69 14 0.88 
EF086 10.53 6.70 12 0.46 
EF087 10.53 6.71 11 0.05 
EF089 10.52 6.71 13 ˗0.08 
EF091 10.54 6.69 4 ˗0.33 
EF092 10.54 6.69 21 0.37 
EF093 10.55 6.69 5 0.47 
EF094 10.55 6.69 4 ˗0.17 
EF095 10.55 6.71 10 ˗0.13 
EF106 10.51 6.74 4 ˗0.10 
EF107 10.51 6.69 9 0.37 
EF110 10.52 6.65 34 ˗0.26 
EF111 10.51 6.65 10 ˗0.10 
EF112 10.52 6.64 4 ˗0.37 
EF113 10.52 6.64 36 0.34 
EF114 10.52 6.66 41 0.37 
EF115 10.53 6.65 36 0.12 
EF116 10.54 6.65 26 0.37 
EF117 10.55 6.64 8 ˗0.19 
EF118 10.55 6.63 5 ˗0.29 
EF119 10.55 6.62 3 ˗0.09 

 

Table 1 (continued) 

EF120 10.55 6.63 27 ˗0.48 
EF121 10.54 6.63 7 ˗0.09 
EF122 10.54 6.63 5 0.18 
EF123 10.53 6.62 13 ˗0.40 
EF124 10.53 6.63 21 ˗0.12 
EF125 10.52 6.63 28 ˗0.70 
EF126 10.51 6.69 4 ˗0.19 
EF129 10.53 6.67 14 0.41 
EF130 10.54 6.66 8 0.11 
EF131 10.55 6.66 56 ˗0.31 
EF132 10.55 6.65 12 ˗0.36 
EF159 10.57 6.66 19 0.04 
EF160 10.56 6.67 15 ˗0.36 
EF161 10.55 6.68 29 ˗0.37 
EF162 10.57 6.70 9 ˗0.30 
EF164 10.57 6.69 3 ˗0.04 
EF165 10.57 6.68 3 ˗0.05 
EF166 10.57 6.69 14 ˗0.11 
EF168 10.56 6.70 10 ˗0.14 
Biotite hornblende granite 
EF011 10.56 6.58 4 0.18 
EF012 10.56 6.59 11 0.43 
EF014 10.62 6.58 62 ˗0.06 
EF016 10.61 6.58 31 0.35 
EF017 10.61 6.58 22 0.19 
EF018 10.61 6.59 6 0.09 
EF019 10.61 6.58 2 0.32 
EF020 10.61 6.58 42 ˗0.68 
EF021 10.60 6.58 10 ˗0.16 
EF022 10.59 6.59 30 ˗0.53 
EF028 10.55 6.56 11 ˗0.09 
EF032 10.53 6.56 10 ˗0.19 
EF052 10.57 6.59 6 0.38 
EF053 10.62 6.59 30 0.33 
EF054 10.61 6.61 19 0.41 
EF055 10.60 6.62 8 0.07 
EF057 10.59 6.61 3 0.50 
EF058 10.58 6.61 2 ˗0.12 
EF059 10.57 6.61 8 ˗0.17 
EF064 10.56 6.73 6 ˗0.33 
EF065 10.56 6.74 2 0.19 
EF066 10.56 6.73 3 ˗0.03 
EF067 10.55 6.73 19 0.42 
EF068 10.55 6.728 3 ˗0.25 
EF070 10.55 6.74 3 0.00 
EF071 10.54 6.74 3 0.14 
EF072 10.55 6.74 10 ˗0.46 
EF073 10.55 6.73 26 ˗0.39 
EF074 10.54 6.73 23 0.43 
EF075 10.52 6.735 4 ˗0.35 
EF076 10.52 6.73 3 0.64 
EF096 10.53 6.71 24 0.07 
EF097 10.53 6.72 6 ˗0.32 
EF098 10.53 6.73 6 0.01 
EF102 10.50 6.72 3 0.65 
EF103 1050 6.72 1 ˗0.14 
EF104 10.50 6.74 3 0.49 
EF105 10.51 6.73 4 0.59 
EF142 10.63 6.68 53 ˗0.18 
EF143 10.63 6.67 35 ˗0.49 
EF144 10.62 6.66 50 0.10 
EF145 10.63 6.65 26 ˗0.21 
EF147 10.64 6.68 4 ˗0.14 
EF148 10.59 6.68 3 ˗0.00 
EF149 10.59 6.67 3 0.01 
EF150 10.58 6.66 4 0.12 
EF151 10.59 6.65 4 0.32 
EF152 10.58 6.65 4 ˗0.18 
EF153 10.60 6.64 4 ˗0.13 
EF154 10.57 6.63 2 0.35 
EF155 10.56 6.64 4 0.13 
EF156 10.56 6.64 5 ˗0.32 
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Table 1 (continued) 

EF157 10.57 6.65 4 ˗0.27 

EF158 10.57 6.66 4 ˗0.30 

EF163 10.58 6.70 18 ˗0.47 

EF167 10.57 6.71 10 ˗0.13 

EF169 10.57 6.72 8 0.09 

EF170 10.58 6.71 3 ˗0.14 

EF171 10.59 6.71 2 0.10 

EF172 10.60 6.71 10 ˗0.09 

EF173 10.60 6.69 3 ˗0.20 

EF174 10.60 6.72 4 ˗0.07 

EF175 10.60 6.73 5 0.33 

EF176 10.60 6.73 3 0.14 

EF177 10.61 6.72 4 0.19 

EF178 10.63 6.72 28 ˗0.50 

EF180 10.59 6.74 3 0.41 

EF181 10.58 6.74 3 0.12 

EF182 10.57 6.74 3 0.19 

EF184 10.56 6.58 1 0.34 

Granodiorite 
EF013 10.57 6.60 10 ˗0.64 

EF023 10.57 6.58 10 0.11 

EF025 10.57 6.57 9 ˗0.11 

EF026 10.57 6.58 9 ˗0.17 

EF027 10.56 6.58 14 ˗0.14 

EF056 10.58 6.60 4 ˗0.31 

EF060 10.58 6.60 13 ˗0.08 

BH-orthogneiss 
EF001 10.63 6.60 61 0.32 

EF002 10.38 6.60 60 0.76 

EF133 10.65 6.70 7 0.32 

EF134 10.65 6.70 16 0.35 

EF135 10.66 6.70 57 0.41 

EF136 10.66 6.68 22 0.58 

EF137 10.65 6.67 9 0.38 

EF138 10.65 6.68 20 ˗0.10 

EF139 10.65 6.68 18 0.48 

EF140 10.64 6.68 6 0.56 

EF141 10.64 6.68 53 0.12 

EF146 10.64 6.63 42 ˗0.60 

EF179 10.63 6.71 20 0.23 

Basement rocks 
EF015 10.61 6.60 37 0.35 

EF024 10.59 6.57 14 0.04 

EF031 10.54 6.56 8 ˗0.06 

EF038 10.52 6.57 6 0.24 

EF039 10.52 6.58 7 0.14 

EF082 10.51 6.75 25 0.30 

EF100 10.52 6.74 3 0.04 

EF101 10.50 6.72 8 0.06 

EF108 10.50 6.69 5 ˗0.14 

EF109 10.52 6.68 3 ˗0.27 

EF183 10.58 6.57 15 ˗0.19 

 

Table 2: Mesoscopic field structures (lower hemisphere projection 

diagrams), anisotropy of magnetic susceptibility parameter 

histograms and microstructures recorded in rocks from Misajé area. 

Ages of deformation are given according to Tetsopgang et al. (1999, 

2008). 
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All samples were measured in the LGEM (Laboratoire 
de Géoscience et d’Environnement Minier) of 
Ouagadougou, Burkina Faso. The measures were 
obtained, using Kappabridge susceptometer (MFK1-
FA, Agico, Czech Republic) working at low 
alternating inductive field (200 A/m 976 Hz), with 
sensitivity of about 2×10-8 SI, allowing anisotropy 
discrimination below 0.2% over a wide range of 
susceptibility. P % = [(K1/K3) – 1 x 100] is the degree of 
anisotropy percentage (Nagata, 1961) and T = [2ln 
(K2/K3)/(ln (K1/K3)]-1 is the Jelinek’s shape parameter 
(Jelinek, 1981); Kmax = K1 > Kint = K2 > Kmin = K3. 
P% values range from 1% to 62% among the 
different rock–types of the Misajé pluton. It varies 
from 4% to 11% in LG, from 2% to 56% in BG, from 
1% to 62% in BHG and from 4% to 14% in GD. 
According to Bouchez (1997), highest anisotropy 
values correspond to the ferromagnetic rock–types 
and the lowest ones, to the paramagnetic rock–types. 
Figure 8 shows the domination of P ≤ 15% (75% of 
sites in the whole pluton). The approximate 
proportions are noted in some individual rock–types 
(70% of sites in BG, 76% in BHG) and these values 
may predict the predominance of paramagnetic 
behavior of the Misajé pluton. 
Jelinek’s (1981) shape parameter (T) of the AMS 
ellipsoid is presented in table 1. The whole pluton 
shows 89% of stations with triaxial shape (T ≈ 0) 
ellipsoids, while 7% of stations show prolate shape 
(T < 0) ellipsoids and 4% of stations show a oblate 
shape (T > 0) ellipsoids. The domination of triaxial 
shape ellipsoids is appreciably valid in the same 
range for BG (89%, 7% and 4% respectively) and 
BHG (88%, 8% and 4% respectively). LG sticks up 
100% of stations with triaxial shape ellipsoids. In the 
basement and BH–orthogneiss, Jelinek shape  
 

 
 
 
 
 
 
 
 
 
 
parameters also show a strong domination of triaxial 
shape ellipsoids (83%) while more than 4% show 
prolate shape ellipsoids and 13% show oblate shape 
ellipsoids. Figure 9 illustrates the distribution of 
sampled stations in the diagram T versus P% and 
the configuration of the lower hemisphere projection 
diagram of K1, K2 and K3. Stations with P values 
high to very high show triaxial shape ellipsoids. This 
can permit to consider that shear mechanism with a 
high component of flattening is the main mechanism 
that emplaced the Misajé pluton. Such variations of 
P% and T parameters reflect the structural 
inhomogeneity within the pluton as evidenced by 
field and microscopic observations (e.g. Fig. 4 and 8). 

7. Discussion and interpretation 

7.1. Combined field observations, anisotropy of 
magnetic susceptibility and microstructures 

Table 2 summarizes the behavior of mesoscopic field 
structures (foliation and lineation) in lower 
hemisphere projection diagrams for foliation poles 
and lineations associated with anisotropy of 
magnetic susceptibility parameters (P% and T). 
Dominant microstructures are specified with the 
characteristics of the deformation stages. 

 

Figure 8. Anisotropy map of the Misajé pluton. 

 

Figure 9. (a) Jelinek shape parameter map; (b) Relationship 

between T and P% parameters and selected low hemisphere 

diagrams for each type of ellipsoid of the Misajé pluton. 
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Microstructures observed in thin sections and 
mapped tally with the magnetic results. Sure 
enough, the mylonitic deformation observed in BG 
and at the eastern border of the pluton (Fig. 6) is 
expressed by highest P% values (30–60%; Fig. 8). 
This may imply that (i) the magnetic anisotropy 
percentage of rocks in the Misajé pluton quite 
illustrates the degree of deformation and (ii) 
according to the T shape parameters, the shear 
mechanism with high component of flattening, 
responsible of the triaxial ellipsoids that represent 
89% of stations in the whole pluton, was the main 
deformation mechanism during the complete 
emplacement of the Misaje granitic pluton. 

7.2. Emplacement mechanism 

The structural evolution of the Pan–African Misajé 
pluton will be considered with respect to the 
different phases of deformation described in the 
study area as well as the ages obtained by 
Tetsopgang et al. (1999, 2008), and other ages from 
Cameroon and eastern Nigeria. This tectonic history 
began at the Pan–African with the S1 foliation strike 
(E–W) showing low dips (12°–32°) towards the 
North in gneissic and amphibolitic country rocks. 
The present stage of knowledge allows to conclude 
that the BHG is post–D1 and pre– to syn–D2. This 
conclusion enables date D2 deformation phase at ca 
569±12 Ma (Tetsopgang et al., 2008). Only D3 
deformation phase is recorded by BG, therefore this 
intrusion is assumed post–D2 and pre– to syn–D3. 
This deformation phase of sinistral shear is dated at 
ca 560±9 Ma (Tetsopgang et al., 2008). The C3 

sinistral planes are recorded in gneissic country rock 
where they transposed BHG veins. This N–S 
directed sinistral event is coeval to the emplacement 
of the BG. Njanko et al. (2010) described in the 
Fomopéa granitic pluton a N–S sinistral 
emplacement of the biotite monzogranite of 613 Ma. 
This latter event is quite different from that of 
Nkambé granitic pluton because of their ages. The 
N–S sinistral shear event of the Nkambé granitic 
pluton is similar to the one of the third deformation 
phase described by Bella Nké et al. (2014) in 
Dschang area with a N08°E S3 foliation strike. The 
fourth phase of deformation, dated at 532±35 Ma on 
monazite from sample I10 (Tetsopgang et al., 1999), 
is attributed to the development of the dextral N–S 
mylonitic zone to the eastern part of the Misajé 
pluton. This D4 deformation phase develops a N–S 
strike foliation (S4) with moderate to high dips 
towards the W or the E. This phase of deformation 
likely emplaces the LG; although there is no 
structural indication in LG that can confirm its D4 

emplacement. Apart from the BH–orthogneiss, there 
is no mention of dextral N–S deformation in the rest 
of the Misajé pluton. These phases of deformation 
are quite similar to those resulting from post–
collisional transpressive tectonics and granites 
emplacement in collision model described by Ferré 
et al. (2002) in the eastern Nigeria except their D3 
dextral strike–slip tectonics, gneissic shear zones. 

8. Conclusion  

The present paper provides news results from the 
detailed structural study of the Misajé pluton that 
help to understand the emplacement mechanism of 
this pluton. Using the scalar data of AMS (P% and 
T), field structural and detailed petrographic 
observations, it has been possible to unveil a 
polyphase Pan–African structural evolution 
deduced from the absolute chronology of the 
granitoid of Misajé. The Pan–African age is deduced 
from recent age by Tetsopgang et al. (1999; 2006; 
2008). The Neoproterozoic transpressive tectonic 
evolution of the area can be described as a continum 
of four events. D1 of E–W thrust tectonics preserved 
in BH–gneiss; D2 of ductile sinistral NE–SW strike–
slip tectonics with gneissic shear zones. This 
deformation event is contemporaneous with the 
production and emplacement (at about 569±12 Ma) 
of voluminous BHG; D3 of ductile sinistral N–S 
strike–slip with gneissic shear zones. This 
deformation event emplaced at 560±9 Ma the BG 
which recorded a N–S magmatic foliation; D4 of 
dextral N–S strike–slip with mylonitic shear zones. 
This deformation phase recorded only in BH–
orthogneiss developed the mylonitic N–S dextral 
shear band. It occurred at 532±35 Ma and certainly 
favoured the emplacement of the LG. With 
exception of D1 event, the other deformation events 
are well recorded in rocks from Misajé granitic 
pluton. The solid–state and mylonitic deformation 
microstructures are well developed in biotite granite 
and biotite hornblende granite. 
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