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Abstract
A less prominent N-S oriented continental-scale strike-slip shear zone occurs within the Babouri-Figuil Magmatic Complex 
(BFMC). Studies have shown that such shallow to middle crustal levels shear zones often display long-lasting deformation, 
physical expression of strain localization, and mineralization. However, until dates, deformation evolution and structural 
mineralization of this ~ 8 km long shear zone in Babouri-Figuil remain enigmatic, which prompted its investigation. A 
combined structural study supported by U-Pb zircon dating on the sheared granitoids is reported. Biotite granite sampled 
near Sorawel village yielded zircon U-Pb concordia age of 606 ± 6 Ma, whereas hornblende-biotite granite sampled at the 
western corner of the Ribao massif yielded zircon U-Pb concordia age of 601 ± 2 Ma. These granites were emplaced in a 
transpressive tectonic regime shortly after a regional thickening event < 620 Ma. The studied microstructures demonstrate 
a typical transition from protomylonite to extremely deformed mylonite marked with decreased mineral sizes. On thin sec-
tions, two main zones are identified: “zone A” (low-strain zone) and “zone B” (high-strain zone). Core-mantle K-feldspar 
porphyroclasts within the mylonite show dislocation creep deformation, whereas recrystallized to neocrystallized aggregates 
indicate plastic flow by viscous grain boundary sliding. Shear sense indicators revealed both early dextral and late sinistral 
shearing. In all, the results revealed that the Guider-Sorawel shear zone (GSSZ) experienced ductile deformation probably 
under medium to high temperature conditions. The double shearing is possible during the switch of the regional maximum 
principal stress from N-S (~ 585 Ma) to NW-SE (< 580 Ma). The obtained dates are syn-collisional and are consistent 
with D2 deformation phase in other parts of Cameroon. Also, the dates marked the final tectonic college between the north 
Cameroon domain and the southwest Chad domain, which probably might have induced the SZ. The construction of these 
adjacent domains probably resulted to a sort of increased temperature and strain localization that led to the initiation of a 
rheologically weaken mechanical zone via which the magma generated flows to near surface crustal level.
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Introduction

Microstructures in rocks are features whose studies can 
provide significant information on the evolution of a 
tectonic domain in case where rocks are characterized 
by several tectonic deformations (Radlinski et al. 2005; 
Mukherjee and Koyi 2010; Mukherjee 2013; Fazio et al. 
2020; Punturo et al. 2014; Nsengimana and Kumar 2019). 
Microstructures have been classified into three main 
crustal-mantle tectonomagmatic events: magmatic, sub-
magmatic, and solid states (Coleman et al. 2005). Rocks 
possessing these states are inferred to have undergone pro-
long stress and temperature disturbances (Coleman et al. 
2005). The solid-state features are often considered to be 
derived from increase stress presumably at low tempera-
tures accompanying deformation possibly after the com-
plete crystallization of magmas (Coleman et al. 2005; 
Punturo et al. 2014). Detail microstructural studies can 
reveal important information on the tectonic events espe-
cially in rocks lacking macroscopic signatures (Passchier 
and Trouw 2005; Mukherjee and Koyi 2010). Moreover, 
in complex systems, associating microstructures with age 
dating of the host rock is a good way to critically constrain 
the age of the associated tectonic deformations (e.g., Arch-
anjo et al. 2008).

Cameroon found in the Central African Fold Belt is divided 
into at least three main geotectonic zones limited by major tec-
tonic structures (e.g., Ngako et al. 2008). These are the south-
ern domain (Yaounde domain), central domain (Adamawa-
Yade domain), and the northwest-Cameroon domain (Fig. 1(a), 
(b)). Studies show that the central domain in particular displays 
the most tectonic features (Toteu et al. 2001; Ngako et al. 2008; 
Njonfang et al. 2008). It principally hosts major shear fractures 
that display at least three main trends. The NE-SW central 
Cameroon shear zone (CCSZ, SW-NE) and the Sanaga shear 
zone (SSZ) north and south, respectively. Moreover, these 
major shear zones are crosscut by minor ones such as the: 
Adamawa fault, Betare-Oya fault, and the Tchollire-Banyo 
fault that in some areas formed fan geometry (Ngako et al. 
2008). According to some authors, shear movements were 
followed by major transpression and transtension events, 
respectively, (e.g., Ngako et al. 2008). Other researchers hold 
the opinion that pluton emplacement was an integral part of 
the evolution of shear zones. Several studies with controver-
sial models have been carried out to understand the spatial 
and temporal relationship between regional deformation and 
magmatic emplacement along these shear zones (e.g., Tagne-
Kamga et al. 1999; Nzenti et al. 2006; Ngako et al. 2008). In 
some areas, it was noted that both the sinistral and dextral shear 
movements seem to be synchronous (e.g., Dawaï et al. 2013), 
whereas in other parts, the dextral shear movement preceded 
the sinistral one (e.g., Ntieche et al. 2017; Efon Awoum et al. 

2020). Further, techniques (e.g., an electrical method) have 
been applied to delineate favorable gold-bearing structures in 
the Betare-Oya gold district. An anomalous gold concentrates 
were found in N-S sinistral shear zones, faults, and fractures in 
southern Cameroon (Mumbfu et al. 2014). A few studies were 
carried out to understand the spatial-temporal relationship 
between gold mineralization and tectonic structures in the cen-
tral Cameroon domain. The results indicate that late-plutonic 
activities have favored the concentration of mineral deposits 
such as cobalt, nickel, rutile, iron, bauxite, uranium, and gold 
along fractures. Although a few of the rocks that outcrop in 
the northwestern Cameroon domain have received such kind 
of studies (Ngako et al. 2008; Dawaï et al. 2013), however, no 
mineralization is yet to be associated with these early formed 
granitoids. Moreover, there is a lack of detail kinematic evolu-
tion study between the shear zones and the associated sheared 
granitoids in the northwest Cameroon domain. Only a few of 
the outcropping plutons have radiogenic dates; meanwhile, 
several of the plutons have merely been correlated with dated 
syn- to late-kinematic plutons from different tectonic zones.

In this article, we present zircon U-Pb geochronologi-
cal dates from syn-collisional sheared alkaline granites and 
microstructural features. These results aim to (i) identify 
and discuss structural features to constrain and relate major 
tectonic events, (ii) discuss the relative time relation between 
plutonism and deformation, and (iii) explain the possible 
cause of double shear deformations in the studied SZ.

Regional geology

The Babouri-Figuil Magmatic Complex is located within the 
northwest Cameroon domain (Fig. 1(a), (b)). This domain is 
the northern segment of the Central African Orogenic Belt 
(CAOB). It is bordered to the east by the SW Chad domain 
that together represents the southern limit of the Sahara 
Metacraton (Shellnutt et al. 2015; Basua 2021; Basua et al. 
2022). The CAOB is identified in Cameroon, Chad, and the 
Central Africa Republic (Penaye et al. 2006; Ngako et al. 
2008; Fig. 1(a), (b)). Its formation is linked to the collision 
evolution between West African craton, Congo-Sao Fran-
cisco craton (Toteu et al. 2004; Van Schmus et al. 2008), and 
the Saharan Metacraton (Abdelsalam et al. 2002; Ngako and 
Njonfang 2011). The studied shear zone crosscuts the base-
ment rocks predominantly composed of medium- to high-
grade Neoproterozoic deformed gneisses and schists with 
the association of amphibolites and marble (Fig. 2). Accord-
ing to Basua (2021), the GSSZ shear zone may have played 
a key role in the pre- and post-magmatic processes (magma 
conduit and emplacement) of the associated Neoproterozoic 
plutons (Fig. 2). This is possible during post rejuvenation of 
the shear zone. The studied sheared granites indicate textural 
variations from augen-bearing protomylonite and mylonite 
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to ultramylonite near the shear zone and less-deformed 
variety having coarse to medium-grained away from the SZ 
(Basua 2021). It is a ductile shear zone and its trend changes 
from N-S in the west near the Poli town to NNE-SSW and 
crosscut the Godde-Gomaya shear zone (GGSZ; Ngako et al. 
2008) if considered that it represents the northern exten-
sion of the Balche shear zone (BSZ). Both the GSSZ and 
GGZS have almost the same trends toward the north and are 
adjacent to each other and may have formed under the same 
condition and period (Fig. 1(b)).

Megascopic structural features within the shear 
zone

Metamorphic rock

Mylonitic banding  (Sb) and  mylonitic foliations  (Sm) were 
observed in banded gneisses and schists whose protolith 
is presumably deformed volcanic and volcaniclastic rocks 

(Basua 2021; Fig. 3a–f). The  Sb is marked by regular alter-
nation of quartz-feldspar-rich and amphibole-biotite-rich 
layers. In some gneisses, the  Sb can rich up to ~ 20–60-m 
thick (Fig. 3e). Sometimes, the  Sb shows nearly isoclinal 
intrafolial folding often depicting a reclined geometry. In 
the gneisses and schists, lenticular feldspathic and quartzose 
augen are often wrapped by thin micaceous layers display-
ing mylonitic foliations  (Sm) (Basua 2021). Only one orien-
tation (NNE-SSW) of the mylonitic foliation  (Sm) is megas-
copically recognizable in these rocks and is parallel with 
the mylonitic bedding  (Sb) (Fig. 3e, f). However, under the 
microscope, S- and C-planes are identifiable displaying rela-
tively small angles with each other (Basua 2021). In gneisses 
is commonly observed an earlier mylonitic foliations cut 
across by late quartzose layers. Locally, these quartzose 
layers show two set of planes, which are analogous to con-
jugate riedel shears as observed in certain banded mylonites. 
The earlier mylonitic foliations show sigmoidal curvatures 
indicating the sense of movement of the later plane. These 

Fig. 1  (a) Map of Central and West African orogenic belts, red rec-
tangle locating Cameroon in Central Africa. (b) Geological sketch 
map of northern Cameroon showing location of study area (modi-
fied after Penaye et  al. 2006): (1) post-Pan-African sediments; (2) 
late post-tectonic Pan-African granitoids; (3) syntectonic granite; (4) 
Mayo Kebbi batholiths: tonalite, trondhjemite, and granodiorite; (5) 
medium- to high-grade gneisses of the west Cameroon domain; (6) 
mafic to intermediate complex of the Mayo Kebbi region (metadior-

ite and gabbro-diorite) and amphibolites; (7) Neoproterozoic late- to 
medium-grade volcano-sedimentary sequence: Zalbi, Gouegoudoum, 
and Poli Groups; (8) remobilized paleoproterozoic Adamawa-Yade 
domain; (9) thrust front; (10) strike-slip faults, TBZ, Tchollire-Banyo 
shear zone, and GGSZ, Gode-Gormaya shear zone; (11) state border; 
(12) speculative NE extension of the Balche shear zone (BSZ); (13) 
red rectangle shows the location of Fig. 2 in the NCD
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earlier formed mylonitic foliations are also often folded into 
tight and intrafolial folds whose hinges form an angle with 
the second set of the mylonitic foliations defining vertical 
axial planes (Basua 2021). At places, the second set may 
as well be folded and cut across by later set of movement 
planes. The folds are associated with the mylonitic band-
ing and have reclined geometry with axes parallel to the 
down-dip stretching lineation. These folds vary both in style 
and orientations. Some earlier folds have angular hinges, 
whereas the later set of folds sometimes are parallel and 
show nearly rounded hinges.

Granite

Pink granites are the dominant plutonic facies in the 
study area (Basua 2021). Weak solid-state deforma-
tion  (S1 and  L2) is observed at some pluton boundaries 
indicating chilled margins (Fig. 4a–c). Spotted mineral 
lineation trending N-S to NNE-SWW, with steep plunge 

resembling the lineations in the basement rock, is observed 
(Fig. 4a–c). In coarse-grained granite at Boula-Ibi, a minor 
ductile shear dextrally displaced mylonitic foliations of 
feldspar porphyroclasts (Fig. 4d). In another location still 
at Boula-Ibi, this ductile shear defined a Riedel struc-
ture (Fig. 4e, f). Ductile to brittle shear of late discrete 
fine-grained granitic veins of different generations is also 
observed locally (Fig. 5a, b). Displacement of sigmoid 
shape mafic xenolith in gneiss corresponds to the displace-
ment of first-generation fault in pink granite (Fig. 5c, d). 
At places in the Ribao pluton, folded massifs define anti-
clines and synclines and indicate compression component 
of a regional transpression after crystallization (Fig. 5e, f). 
Pervasive fracturing is common in the entire outcrops and 
displays at most seven trends (N-S, NNE-SSW, NE-SW, 
E-W, ESE-WNW, SE-NW, and SSE-NNW), NE-SW being 
the main (Fig. 2). The diverse fractures could be related to 
N-S extension coeval with the formation of the two half 
Cretaceous grabens in the study area (Fig. 2).

Fig. 2  Simplified geological map of the study area modified from the 
geologic map of Ngoundere-E of scale 1/500.000 (since 1962), show-
ing the distribution of the alkaline granites of Figuil. Stereonets and 
rose diagrams are also plotted. A Planes of  S1 foliations in gneiss of 
different localities around Figuil; B poles of  S1 foliations; C stretch-

ing and mineral lineations in gneiss around Figuil; D fractures and 
fault planes in the granitic massifs of Heri, Ribao, Lombel, Badesi, 
and Djabe; E rose diagram of veins in granite massifs, F rose diagram 
of dykes with width > 2 m crosscutting basement formations; G rose 
diagram of fractures and fault planes in granitic massifs
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Petrography

Biotite granite on hand specimen is coarse to very coarse 
grained and reddish composed of red colored feldspar, 
quartz, and biotite. The ratio of feldspar to quartz is ~ 
80:20, and grains are rarely oriented. Quartz is intergranu-
lar around feldspar laths at times associated with biotite. In 
thin sections, feldspars (K-feldspar, 45–50%) and plagio-
clase (20–25%) mainly form phenocrysts (wide, ~ 8 mm, 
and length, ~ 10 mm). Quartz and biotite range in proportion 
from 10 to 20% and 2 to 5%, respectively (Fig. 6). Some 
plagioclase laths enclose sericite, are zoned, and devel-
oped myrmekite at the contact with quartz and K-feldspar. 
Biotite flakes are found at the edge of some feldspars and 
quartz. Some biotite flakes have zircon inclusions, whereas 
others enclose green chlorite within their cleavages. Other 

accessory minerals found are apatite, titanite, and opaque 
oxides.

Hornblende-biotite granite is macroscopically medium 
to coarse grained and composed of feldspar, quartz, bio-
tite, and amphibole. In thin sections, it is composed of 
orthoclase (20–25%), microcline (15–20%), plagioclase 
(20–25), quartz (15–20%), biotite (5–8%), and horn-
blende (2–3%). Perthites and microperthites are found 
in some K-feldspars. Some plagioclase laths display 
oscillatory zoning. Myrmekite occurs at the boundary 
between quartz and feldspars. Biotite flakes are locally 
altered to chlorite and opaque oxides. They are the main 
host of large zoned euhedral zircon crystals. Hornblende 
occurs as euhedral crystals along with biotite and opaque 
oxides. Accessory minerals include titanite, zircon, apa-
tite, chlorite, spinel, and opaque oxides.

Fig. 3  Field photographs show-
ing both dextral and sinistral 
shear in basement rock. a–d 
Sinistral shearing crosscutting 
foliations  (S2) in gneisses, 
incline view. e, f Horizontal 
view of  B2 boudins of asym-
metric quartzofedpathic veins 
in gneisses showing dextral 
shearing
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Materials and methods

Field and laboratory techniques

The studied SZ was mapped and nearby outcrops were iden-
tified and analyzed based on structural features. With the 
aid of a Sylva-type compass clinometer, structural meas-
urements were performed at outcrop levels. Representative 
samples were collected from the sheared granitic massifs 
adjacent to the shear zone. The prepared thin sections were 
manufactured (polished down to ~ 30-μm thicknesses) and 
examined with the help of a petrographic microscope at the 
laboratories of China University of Geosciences, Wuhan. 
Structural data were analyzed and prepared on a stereoplot 

software. Rock samples from biotite granite and hornblende-
biotite granite were crushed and powdered to separate zir-
con crystals at the Langfang Yuneng Rock Mineral Sorting 
Technology Service Co., Ltd. One kilometer of rock frag-
ments from each sample was milled. Before milling, pre-
cautions were taken to avoid any contamination. Samples 
were cleaned, chipped to reduce the grain size, crushed, and 
milled (at 1 mm grain size). Milled samples were regularly 
washed and panned to obtain heavy mineral concentrates, 
which were later dried in oven for 24 h at 50 °C. Dried con-
centrates were used to separate zircon crystals, which were 
later mounted and their cathodoluminescence (CL) images 
taken. Before mounting and CL imaging, zircon crystals 
were handpicked under a binocular microscope, mounted 

Fig. 4  Field photographs. a–d 
Horizontal view of magmatic 
foliations crosscut by a dextral 
and sinistral mylonitic shears in 
granite. e, f N-S oriented flank-
ing structure (Riedel) display-
ing complete features in BHG 
at Boula-Ibi, horizontal view 
(Mukherjee 2014). The lengths 
of instruments are (1) harmer 
50 cm, (2) compass 22 cm, (3) 
bollmaker 13 cm, (4) cap of 
bollmaker 3.5 cm, (5) ball pen 
with cap 14.1 cm, and (6) ball 
pen without cap 13.5 cm
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with epoxy resin on glass slide, and polished with abrasive 
to a standard thickens of 30 μm at the Langfang Yuneng 
Rock Mineral Sorting Technology Service Co., Ltd. Only 
selected grains of the zircon populations cathodolumines-
cence (CL) images were obtained using CAMECA SX51 
under conditions of 50 kV and 15 nA at the Wuhan Sample 
Solution Analytical Technology Co., Ltd, Wuhan, China. 
From the obtained CL images, the internal textures for each 
crystal were examined. Mounted and polished zircon crys-
tals were used for U-Pb dating.

Zircon U‑Pb dating

Simultaneous U-Pb dating and zircon trace element analy-
sis were conducted on selected mounted crystals by laser 
ablation–inductively coupled plasma mass spectrometry 
(LA-ICP-MS) at the Wuhan Sample Solution Analyti-
cal Technology Co., Ltd. These analyses were performed 
on an Agilent 7700e ICP-MS instrument (Agilent Tech-
nology, Tokyo, Japan) together with an excimer laser 

COMPexPro 102 ArF (wavelength of 193 nm and maxi-
mum energy of 200 mJ). Specific operating conditions 
for the laser ablation device and the ICP-MS instrument 
and data reduction are the same as Zong et al. (2017). 
In this study, a laser spot size of 32 μm was used for all 
analyses, with a repeating rate of 5 Hz and a fluence of 
8 J/cm2. Helium was introduced as a transporter gas in 
the ablation cell, and argon was applied as a make-up gas 
behind the ablation cell (Günther and Heinrich 1999; Luo 
2018) before entering the ICP via a T-connector. Also, 
features in this ablation system a “wire” signal smooth-
ing and mercury remover device to obtain smooth signals 
and reduce the mercury signal (Hu 2014). The accuracy 
and precision of the analyses were enhanced by apply-
ing a small amount of (4.1 mg  min−1) water vapor before 
the ablation cell (Luo 2018). Each single-spot analysis 
consists of an incorporated background acquisition of 
~ 20–30 s followed by 50 s of ablation. Zircon 91500 
(Wiedenbeck 1995) and glass NIST610 were considered 
an external standards to correct the Pb-U fractionation and 

Fig. 5  Field photographs show-
ing both dextral and sinistral 
shear in basement rock and 
granite: a, b dextral and sinistral 
shear of granitic vein in granite, 
horizontal view; c, d sinistral 
shearing displacing mafic 
xenolith in gneiss and granite, 
respectively, horizontal view; e, 
f folding in granite, horizontal 
and incline views, respectively
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instrumental mass discrimination, while zircon GJ-1 was 
analyzed as an unknown. In this study, the obtained mean 
206Pb/238U ages of GJ-1 is 604.8 ± 4 Ma and is consistent 
with the reference of 599.8 ± 1.7 Ma (Jackson et al. 2004). 
NIST 610 and 29Si were used as both external calibra-
tion and internal standardization for zircon trace element 
compositions, respectively (Liu et al. 2010). Excel-based 
program ICPMSDtaCal was used to conduct off-line selec-
tion and incorporation of background and analyte signals, 
time-drift correction, and quantitative calibration for trace 
element analysis and U-Pb dating (Liu et al. 2008; Liu 
et al. 2010). Concordia diagrams and measurements of the 
weighted mean were made using Isoplot/Ex ver3 (Ludwig 
2003).

Results

Zircon CL images and U‑Pb ages

Zircon CL images

The separated zircons crystals from biotite granite and horn-
blende-biotite granite show no particular morphological dif-
ferences. They are generally euhedral and elongated (length 
dimension > 200 μm) prismatic to pyramidal (Fig. 7a, b). 
The internal structures mainly show oscillatory zoning with 
some twinned crystals showing core and rim variation (with 
brighter core and darker rim; with darker core and brighter 
rim). Some crystals host a darker patch in their core.

Fig. 6  Photomicrographs of granites textures under CPL: a lobate-
oriented feldspar porphyroclasts in fine-matrix located in a sheared 
band, the center grain indicate sinistral shear; b plastic to ductile 
deformation in quartz along C-axis; c lobate contact indicating high-
grade grained boundary migration (GBM) in quartz showing sweep-

ing extinction; d chessboard subgrains in quartz; e quartz deforma-
tion showing triple point; f brittle deformation in plagioclase showing 
dextral dislocation; g, h lobate contact and grain boundary migration 
of quartz in feldspars indicating sinistral shearing after grain rotation, 
i island grains in quartz
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Zircon U‑Pb ages

Analyzed spots in separated zircon crystals from biotite 
granite and hornblende-biotite granite show close to differ-
ent U-Pb ages (206Pb/238U and 207Pb/235U) in Table 1 with 
mostly concordant plots (Fig. 8).

For zircons from biotite granite, the 206Pb/238U and 
207Pb/235U ages range from 596 ± 9.5 to 608 ± 6.2 Ma and 
594 ± 8.6 to 637 ± 8.5 Ma. Eight zircon grains with 95% 
confidences clustered on and give a concordia age of 606 ± 6 
Ma with a MSWD of 1.4 and a weighted mean date of 605 ± 
4 Ma (Fig. 8a, b). Sixteen zircon grains of > 95% confidence 
clustered between 596 and 608 Ma. These ages mainly date 
Ediacaran event(s).

Zircon from hornblende-biotite granite shows 206Pb/238U 
and 207Pb/235U ages ranging from 591 ± 4.8 to 606 ± 7.3 
Ma and 588 ± 10.2 to 660 ± 8.5 Ma, which largely date 
Ediacaran event(s). Seven analyzed spots with low degree 
of discordance (< 5%) clustered on and gave a concordia age 
of 601 ± 2 Ma with a MSWD of 2.3 or weighted mean date 
of 600.9 ± 4 Ma (Fig. 8c, d).

Microstructures

The studied biotite granite and hornblende-biotite granite 
enclose almost similarly microstructures. Well-preserved 
minerals are quartz, K-feldspar, and plagioclase with small 
proportion of biotite, apatite, and hornblende. In most por-
tions, these minerals are reduced into smaller fragments 
(Fig. 6a). Based on these, two main strain zones (zones 
A and B) are commonly observed. These microstruc-
tures which exhibit evidence of ductile deformation are 
typically of crystal reduction (Figs. 9 and 10), C-S fabrics 
(Fig. 10a–i); C-C′-planes (Fig. 10), microshears (Fig. 10), 
antithetic microfaults (Fig. 10g–i), microcracks (Fig. 10), 
multilayer strike-slip faults (Fig. 10i), and microveins and 
microboudins (Fig. 11).

Zone A (low‑strain zone)

Zone A developed cataclasite to protocataclasite features. It 
is a low-strain zone and is marked with fragments that are a 
bit coarser and not necessarily bound by identified micros-
hear bands. Here, fragments are displayed without any spe-
cific shear sense. K-feldspar is deformed to lobate shapes; 
crystals are randomly oriented; at times, crystals display 
mineral fish morphologies (Figs. 6a and 9). Quartz crystals 
are strongly fractured filled by late fluids sometimes com-
posed of quartz only or a combination of quartz, biotite, and 
apatite. Some grains are elongated, flattened (Fig. 6b), and 
rotated in accordance to the shear direction. At places, some 
quartz grains show plastic deformation and display moderate 
sweeping undulose extinction (Fig. 6c), deformation bands, 
chessboard pattern (Fig. 6d), and interlobate boundaries. 
Some quartz show subhedral to anhedral grain boundaries 
with occasional triple points (Fig. 6e). Feldspars show brittle 
deformation with tapering edges close to microshear bands 
(Fig. 6f). Grain boundary migration is most often observed 
(Fig. 6g, h). Plagioclase laths developed mechanical twins 
and fractured locally filled by quartz. A few quartz crystals 
enclosed isolated crystals or island grain (Fig. 6i), with indi-
cation of recrystallization at their boundaries.

Zone B (high‑strain zone)

Zone B (dominant) developed mylonites to protomylonite 
features, therefore a high-strain zone. Here, fragments 
are fined-grained and bound by defined microshear bands 
(Figs. 9 and 10). Mylonites to protomylonites are mostly 
dominated by crushed quartz and feldspar matrix enclos-
ing a few resistant K-feldspars and quartz porphyroclasts 
(Fig. 10a–i). Quartz in matrix shows dynamic recrystalli-
zation indicated by serrated grain boundaries rotation and 
medium to high undulose extinction (Fig. 10a–d). Feld-
spar crystals in the matrix show lobate shapes (Fig. 10e–i). 

Fig. 7  a, b Cathodolumi-
nescence (CL) images of the 
representative alkaline sheared 
granites of Figuil. The white 
circles indicate analytical spots 
for U-Pb dating, and the yellow 
circles indicate analytical spots 
for Lu-Hf isotopes on sample 
HRI 40 (biotite granite) and 
sample RBO 23 (hornblende-
biotite granite), respectively
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Feldspar porphyroclasts are often anastomosed by recrystal-
lized quartz and fine fragments of feldspar, quartz, and bio-
tite; at places, these aggregates display shear sense (Fig. 9).

Shear sense indicators

Sigmoid fish A few feldspar crystals show sigmoid fish 
(Fig. 9). Sometimes, sigmoid fish is also observed with 
titanites and micas. A typical example is classic feldspar 
mantle clasts with well-developed recrystallized trials 
of biotite and quartz mixed with fine grains (Fig. 9b, c). 
These mineral fish resemble morphologically with Fig. 3a 
and grain 2 in Figs. 3d and 6a of Mukherjee (2011). They 
also resemble alpha-type porphyroclast system of Simpson 
(1986), Passchier and Simpson (1986), and Blenkinsop and 
Treloar (1995).

Lenticular fish Lenticular fish are commonly observed in 
quartz and feldspar porphyroclasts (Fig. 10a–d) or in their 
aggregates. Crystals show shapes that resemble symmetric 

and asymmetric in augen-gneisses described in Mukherjee 
(2017). Sometimes, the long axes of the lenticles make an 
acute angle with the C-planes (Fig. 10a, b) from which the 
general shear sense can be deduced.

Porphyroclast system It is characterized by porphyroclasts 
usually of feldspar or quartz, mantles, and mica tails, if base 
on Passchier and Simpson (1986) classification. Sometimes, 
the tails show stair stepping on both sides deviating from 
a horizontal reference line along the center of the porphy-
roclasts parallel to the planar part of the tail (Fig. 9). Also, 
some crystals display double mica tails on either sides and 
are classified as complex types Passchier and Simpson 
(1986). A few of the porphyroclasts show well-developed 
stair stepping tails, which extent to the mylonitic foliations 
(Fig. 9). This clast-tail system probably indicates that the 
rate of recrystallization at the tail were higher than clast 
rotation rates (e.g., Ishii et al. 2007; Menegon et al. 2017). 
Both dextral and sinistral shear senses were deduced 
from the stepping up direction defined by the median 
line (Fig. 9a–c). Feldspar porphyroclasts  and dynamic 

Fig. 8  a, b Zircon U-Pb concordia plots for the sheared alkaline biotite granites granite of Figuil. c, d Weighted average zircon U-Pb ages of the 
sheared alkaline hornblende-biotite granite of Figuil
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recrystallized aggregates of feldspar and quartz define 
a mylonitic foliation (S) (Fig. 10a, b). This mylonitic folia-
tion is enclosed by C-planes and together defined σb-type 
C/S fabrics (Fig. 10a–e), which are oblique to the C-planes 
from which a dextral shear sense is deduced (Fig. 10a, b).

Core-mantle porphyroclasts within the C/S fabrics in the 
mylonite display shear fractures (microfaults) (Fig. 10i). The 
microfaults show oblique orientation with the C-planes that 
enclosed the clast (domino-structure) (Fig. 10g, h). Both 
dextral and sinistral shear senses are deduced from the dis-
placed fragments in the clast within the mylonite (Fig. 10g, 
h). It, therefore, demonstrates that the GSSZ probably expe-
rienced complicated shear events.

Extensional features

Pull‑aparts and boudins Feldspar porphyroclasts are dragged 
out by intracrystalline deformation to boudins (gash boudin) 
(Mukherjee 2014) (Fig. 11). A few “boudinage veins” contain 
poorly oriented fragments of crushed adjacent minerals, late 
crystallized products, and recrystallized grains of biotite, quartz, 
chlorite, and quartz ribbons (Fig. 11a). As per Vernon (2011), 
it indicates late phase (sub)magmatic deformation crystalliza-
tion. Zone A (low-strain zone) boudins are typical microfractures 
consisting of refilled fragments recrystallized to neocrystallized 

aggregates (Fig. 11a). Some fragments within this microfault at 
times are sheared in similar direction; however, we did not con-
sider them as capable to determine the shear sense (Fig. 11a). 
Zone B (high-strain zone) boudins consist of equand to equi-
granular aggregates dominantly of plagioclase and K-feldspar 
(Fig. 11b, e) bounded by C-planes. A sinistral orientation of some 
minerals (e.g., plagioclase) within the aggregate with respect to 
C-planes is use to deduce the shear sense (Fig. 11e).

V‑pull‑apart microstructures Feldspar laths show asymmetric 
pull-apart microstructural features by “V”-shaped gap separat-
ing fragments (Hippertt 1993). Biotite, titanite, and feldspar 
of the studied sections show similar features characterized by 
breakage and rotation of one fragment with respect to the other 
(Fig. 10d). At times, crystals are separated by curve “V” gaps 
filled by recrystallized quartz (Fig. 10d). Titanites are dragged 
and separated by type-1 pull-apart fractures (Fig. 11e).

Discussions

Pluton emplacement and age

Within the Pan-African mobile belt of Cameroon, the studied 
syn-kinematic plutons have been associated with large shear 
zones and thrusts and are characterized as the main tectonic 

Fig. 9  Photomicrographs under 
CPL: a–c elegant sigmoid 
K-feldspars fish indicating 
sinistral shear, b core-mantle 
K-feldspars anastomose by 
mica with dextral shear, c clas-
sic feldspar mantle clast with 
recrystallized trails of biotite 
and quartz indicating dextral 
shear, d core-mantle K-feldspar
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features. The sheared Heri and Ribao plutons are located 
near the studied N-S oriented shear zone that may suggest 
their strong association. The formation of such shear zones 
within the mobile belt has been linked to collision evolution 
between the West African craton (WAC), the Sahara Meta-
craton (SM), and the Sao Francisco-Congo craton (SFCC). 
Based on structural evolution history (e.g., Ngako et al. 2008; 
Dawaï et al. 2013), the studied sheared plutons at Figuil were 
emplaced in a transpressive setting shortly after a regional 
thickening event < 620 Ma. A similar environment of forma-
tion was previously reported for the nearby syenitic pluton of 
Guider (Dawaï et al. 2013), for the granitic complex of Batie 
(Njiekak et al. 2008), and the granitic complex of Bafoussam 
(Djouka Fonkwe et al. 2008). Magmatism in the northern 
Cameroon domain commenced during or shortly after the 
assemblage of these adjacent domains < 612 Ma (Penaye 

et al. 2006). It is possible that the collision events caused a 
sort of increased temperature and strain localization, which 
led to the initiation of a rheologically weaken mechanical 
zone through which magma flows to the near surface levels. 
The obtained U-Pb zircon ages of the studied sheared plutons 
from 601 ± 2 to 606 ± 6 Ma (Fig. 8) are consistent with the 
syn-collisional granite within the Babouri-Figuil Magmatic 
Complex (Basua 2021; Basua et al. 2022). Based on previ-
ous studies, ages < 612 Ma marked the final collision phase 
(Penaye et al. 2006; Basua 2021; Basua et al. 2022). Overall, 
the magma for these granites was generated probably dur-
ing the collision evolution between the northern Cameroon 
domain and the southern Chad domain. Therefore, the initia-
tion and reactivation of the Guider Sorawel shear zone played 
essential role for the emplacement and post shearing of the 
studied massifs (Basua 2021).

Fig. 10  Photomicrographs under CPL: a partially recrystallized 
quartz obliquely oriented to C-planes; b–e lenticular K-feldspar por-
phyroclasts bound by discrete microshears; f bookshelf structure of 
feldspar porphyroclast, a hat-shaped yellow grain indicating antithetic 
sense of shear (Mukherjee S, 2012); g crosscutting microshearing or 

shear band type of feldspar porphyroclast showing dextral and sinis-
tral shear; h fragmented lenticular feldspars porphyroclast of domino-
type indicating dextral and sinistral shear with V-pull-apart; i multi-
layer strike-slip faults (microfaulting) in feldspars porphyroclast
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Significance of microstructures within the GSSZ

The studied microstructures deduced that the Guider-
Sorawel shear zone (GSSZ) is a ductile tectonic deforma-
tion (Figs. 2, 9, 10, and 11). Similar ductile shear zones have 
been studied across Cameroon (Njome et al. 2003; Sigue 
et al. 2023; Yomeun et al. 2023).

Quartz crystals that show polycrystalline aggregate rib-
bons with grain boundary migration indicate medium to 
high temperature plastic deformation conditions (Passchier 
and Trouw 2005; Hansen et al. 2013; Cavalcante et al. 
2018; Dong et al. 2019) (Fig. 10). Moreover, the deformed 
quartz grains with dominant slip system indicate condi-
tions sensitive to temperatures (Stipp et al. 2002). For 
instance, prism <a> slip frequently occurs in high-grade 
metamorphic rocks (Cao et al. 2013), whereas basal <a> 
slip is mostly associated with low-grade or overprinted 
metamorphic rocks (Toy et al. 2008; Cao et al. 2013; Chen 
et al. 2018). Some quartz crystals in the GSSZ show low-
angle rotation axis and C-axis patterns suggesting domi-
nated high-temperature zones (Chen et al. 2018) (Fig. 6c). 

In short, the quartz grains within the GS shear zone have 
suffered a sort of medium to high temperatures (> 400 
to ~ 700 °C) dislocation creep deformation (Dong et al. 
2019; Fig. 12).

In zone B, the domino microfaulting in some porphy-
roclasts by either subsequent microshear indicate increase 
strain zone (Fig. 10e, f). The intense grain-size reduction in 
the high-strain zone “B” is proportionate to high-grade tem-
perature conditions relative to diffusion creep deformation 
mechanism (e.g., Miranda et al. 2016; Dong et al. 2019). In 
the low-strain zone, the low-angle misorientation angles of 
some plagioclase and K-feldspar suggest the development 
of intragranular deformation. It, therefore, demonstrates 
that dislocation creep is the principal mechanism of feldspar 
deformation within the GSSZ (e.g., Menegon et al. 2017). 
Based on previous studies, feldspar deformation mechanism 
can be linked to activation slip system of (010) <101> or 
<100> (e.g., Ishii et al. 2007; Menegon et al. 2017).

In zone A (low-strain zone), the random distribution of 
feldspar grains may not be described by dislocation creep 
and myrmekites induced by dynamic recrystallization, but 

Fig. 11  Photomicrographs 
under CPL: a–f pinch and 
swells in minerals and mineral 
aggregates (mica, titanite, 
feldspars, and quartz) and 
microveins, indicating sinistral 
and dextral shear senses
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indicate a complicated mechanism during feldspar deforma-
tion. Previous studies suggest dissolution-precipitation creep 
(Menegon et al. 2008; Dong et al. 2019) and grain boundary 
diffusion (Ishii et al. 2007). In zone B (high-strain zone), 
the fine-grained feldspars show equant to slightly elongated 
shape, rare low-angle grain boundaries, and uncorrelated 
misorientation distribution. Sometimes, these grains are 
aligned parallel to the displacement direction indicating 
grain boundary sliding (e.g., Kilian et al. 2011; Mansard 
et al. 2018). According to previous studies, grain boundary 
sliding (GBS) deformation mechanism could result from the 
weakening of phase mixing and grain-size reduction (e.g., 
Miranda et al. 2016; Mansard et al. 2018).

Shear sense indicators

Figures 2 (mega), Figs. 3, 4, and 5 (macro), and Figs. 6, 9, 
and 10 (microstructures) are used to describe the orienta-
tion of the Guider-Sorawel shear zone. Figure 2 indicates 
a mega-scale sinistral displacement of the western edge of 
the Heri massif probably after the complete crystallization 
of the magma. It, therefore, confirms that the sinistral move-
ment is a post-dextral reactivation of the GSSZ and support 
that the observed microstructures were developed at the 

sub-magmatic phase. On the outcrop scale, the studied gran-
ites revealed several generations of veins (Fig. 5a, b), shear 
bands (Fig. 4d–f), and faults (Fig. 5d) with crosscutting pat-
terns, which resemble those of the host metamorphic rocks 
(Fig. 3a, b). These shear bands indicate both dextral and 
sinistral shear sense, respectively (Fig. 3a–d). A mafic xeno-
lith with long axis parallel to mineral lineations of the host 
metamorphic rock demonstrates sinistral shear (Fig. 5c). 
The displacement gaps (sinistral) of the mafic xenolith and 
a second-generation fault on the granite are similar ~ 15 cm 
suggesting that the late sinistral movement in both rocks was 
synchronous (Fig. 5c, d).

Kinematic indicators revealed at least two ductile shear 
sense (dextral and sinistral) (Figs. 9, 10, and 11). Similar 
studies have been reported elsewhere in Cameroon (e.g., 
Efon Awoum et al. 2020; Dawaï et al. 2017; Sigue et al. 
2023). Our results indicate crosscut relation (Fig. 5d), which 
for the purpose of this study are classify as early and late 
shears. It confirms separate deformation phases since pre-
vious studies have indicated that the absence of crosscut 
relation in multiple-stage deformation could suggest syn-
chronous event (Langille et al. 2010; Little et al. 2013). The 
early shear fabrics, e.g., mylonitic foliations (Fig. 10a–d), 
were crosscut by late mylonitic C-planes (Fig. 10a–d). The 

Fig. 12  Summary of the thermal 
ranges of mineral deformation 
mechanism of sub-magmatic to 
solid-state microstructures of 
granites of the Figuil-Sorawel 
shear zone (modified from 
Fazio et al. 2020, temperature 
ranges after, Passchier and 
Trouw 2005). BLG, bulging 
recrystallization; SGR, subgrain 
rotation recrystallization; GBM, 
grain boundary migration 
recrystallization
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majority of micas fish, asymmetric folds, quartz lattice pre-
ferred orientation, and micro-boudins are sub-magmatic 
features. The micro-dextral shear is consistent with the dex-
tral shear of asymmetric  B2 boudins of quartz-feldspar and 
tonalitic injections observed in gneisses outcrops (Fig. 3e, f).

Microstructural evolution study of the Etam shear zone 
(SW-Cameroon) also revealed early dextral and late sinis-
tral shear movements suggesting reactivation event (Sigue 
et al. 2023). Similar double shear events with earlier dextral 
and late sinistral movements have been reported by Ntieche 
et al. (2017) and Efon Awoum et al. (2020) from sheared 
granitoids in west Cameroon. However, studies conducted 
by Dawaï et al. (2013) suggested that both dextral and sin-
istral shear movements maybe synchronous. The combined 
results, therefore, suggest a complex kinematic deformation 
evolution within the Pan-African mobile belt of Cameroon.

Formation conditions and processes of the GSSZ

Structural studies of the GSSZ reveal ductile deformation 
processes. Formation of this SZ might be related to Pan-
African collision of tectonic terrains. Structural features 
suggest shallow-deep crustal levels. The progressive plas-
tic deformation behavior of the principal minerals (quartz, 
plagioclase, and K-feldspar) was in response to the intense 
ductile deformation records either from sub-magmatic or 
to solid state. Based on the obtained results in this work 
coupled with the structural deformation history in Ngako 
et al. (2008), it suggests that the studied shear zone either 
experienced medium-high temperatures deformation condi-
tions at least amphibolites facies during the dominant duc-
tile shearing (Fig. 12). The similar microstructural features, 
e.g., mylonitic foliations, lineations, and boudins in both the 
granite and host rocks demonstrate identical syn-kinematic 
metamorphic structures. It confirms that the shearing of 
these granites presumably occurred simultaneously during 
metamorphic deformation of the basement rock. Biotite esti-
mated temperatures of the studied granites range between 
647 and 695 °C at < 5 kb (Basua et al. 2022). Similar tem-
perature conditions are revealed by microstructures of the 
studied sheared granites at shallow crustal levels (Fig. 12).

Shear zones are usually localized in rheologically weaken 
mechanical zones (e.g., Fossen and Cavalcante 2017; Liu 
2017; Pennacchioni and Mancktelow 2018). Besides tem-
peratures and pressure, these zones of weakness can be acti-
vated by mineralogy, strain rate, microstructure, texture, and 
fluid during strain localization (e.g., Liu 2017; Pennacchioni 
and Mancktelow 2018). Localization may occur in external 
inhomogeneity zones such as in precursor fractures or joints 
(Menegon and Pennacchioni 2009). The combine field and 
microstructures in this work reveal complex shearing events. 
For instance, the high-temperature deformation conditions 
confirm that the initiation of the Guider-Sorawel shear zone 

might have occurred at depth, where weakening mechanisms 
such as temperature-controlled rheology can play significant 
role in localizing new shear zones (Menegon and Pennac-
chioni 2009). A progressive shear event probably occurred 
at shallow crustal level during reactivation of a precursor 
fault or joint.

Tectonic evolution model

Figure 13 presents a simple two-stage 3D tectonic model 
to summarize the transcurrent tectonic evolution in Figuil. 
The presence of tight and upright folds, which opens toward 
the north or south (fold axes and mineral lineations N-S to 
NE-SW), indicates WNW-ESE to W-E compression in a 
transpression region during the collision < 612 Ma between 
the north-Cameroon and Mayo-Kebbi domains (Penaye et al. 
2006; Ngako et al. 2008). According to Toteu et al. (2001), 
the northwest Cameroon domain experiences relative 
changed of its principal stress direction from the NW to N 
(< 612 Ma) and back to NW (< 590 Ma). Our results, based 
on mega-, meso-, and microscale, reveal early dextral and 
late sinistral shears consistent with the change of the princi-
pal stress direction. This strongly confirms a possible fault 
reactivation induced by the change of the principal stress 
direction. We suggest that the start of collision < 612 Ma 
enhanced by the clockwise rotation of the principal stress 
direction (NW to N) invoked early general shear with dex-
tral simple shear component. Subsequent collisions < 590 
Ma followed by anticlockwise rotation (N to NW) induce 
sinistral reactivation of the simple shear.

Conclusions

1. Similar dates of 606 ± 6 and 601 ± 2 Ma of the sheared 
biotite granite and hornblende-biotite granite from the 
Heri and Ribao massifs, respectively, are interpreted as 
their syn- to late-collisional emplacement. These ages 
are contemporaneous to E-W transpression (~ 612 Ma) 
after crustal thickening and thrusting events in Cam-
eroon, which lasted 620 Ma.

2. Structural data indicate non-coaxial double shear and 
are classified based on crosscutting relation as early and 
late. The early event could be dated between 600 and 
593 Ma and display dextral shear. The late shear is sin-
istral and could be dated at < 590 Ma.

3. The double shear is possible by post-reactivation of the 
N-S trending Guider-Sorawel fault during the change of 
the maximum stress direction from N-S (~ 600 Ma) to 
NW-SE (< 590 Ma) in a transpressive regime during and 
after the emplacement of the plutons.

4. We suggest that the studied unknown N-S trending 
Guider-Sorawel shear zone could represent the NE 
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extension of the sinistral Balche shear zone well exposed 
in the Poli Group of the NCD. Also, it could indicate a 
terrane boundary between the Ribao, Heri (~ 600 Ma) 
and Lombel, Badesi (> 570 Ma) massifs.
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