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Abstract. The tectonic evolution of the Central African Pan-African Fold Belt in Cameroon has been
intensively studied during the last two decades. However, the timing of the last stages of the Pan-
African orogenic cycle is still not well constrained, thus leading to controversial interpretations. The
present work provides new insights into the late Pan-African tectonic evolution of the Adamawa-
Yadé domain. It includes a complex crustal assemblage of the Central African Pan-African Fold Belt,
which has undergone a polycyclic evolution since the Palaeoproterozoic. We infer the late Pan-African
events of this domain from in-situ dating of biotite in five thin sections of plutonic rocks. The dated
rocks are calc-alkaline metaluminous to weakly peraluminous I-type granitoids, consisting of Qz-
monzonites and granites, medium- to high-potassic, with shoshonitic affinities, all displaying adakitic
signature. The ages obtained were correlated with the available geochronological data for rocks from
post-collision events of the Adamawa-Yadé domain and the Central African and Brazilian orogenic
belts. The new biotite age range spans 67 Myr geological history of the studied area, from Ediacaran
(549 + 19 Ma) to Early Ordovician (482 + 6 Ma), which marks the transition between convergent and
extensional tectonics regimes in the Central African Pan-African Fold Belt.
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1. Introduction

The main geological units in Cameroon consist of
Archean to Late Proterozoic plutonic-metamorphic
basement, intruded by Palaeozoic to Mesozoic post-
Pan-African terranes and anorogenic plutonic com-
plexes, and partially covered with Cenozoic to Qua-
ternary volcano-sedimentary rocks. The basement
includes the northern edge of the Archean Congo cra-
ton known as the Ntem complex, the Nyong Palaeo-
proterozoic unit, and the widespread Central African
Pan-African Fold Belt (CAPFB). The geodynamic evo-
lution of the Cameroonian segment of this CAPFB
has been the subject of numerous models (e.g. Toteu,
Penaye, et al., 2004; Bouyo Houketchang et al., 2009;
Ngako and Njonfang, 2011); however, a recent one
by Toteu, De Wit, et al. (2022), taking into account
petrological and geochronological data together with
structural analyses, involves two subductions and
four main steps. The successive phases consist of:
(1) the break-up and basin development both on the
Ntem complex and on the northern and southern
limits of the Adamawa-Yadé domain, synchronously
with the expansion of the Poli-Leré arc (Tonian—
620 Ma); (2) the ubiquitous pre-tectonic plutonism
(800-620 Ma); (3) the collisional phase (~620 Ma) was
marked by a granulite facies metamorphism in all
areas at 600 Ma; and (4) the ultimate one resulting
in: (i) the overlapping of the Yaoundé-Yangana units
onto the Ntem compley, (ii) the accretion of the Poli-
Leré arc to Adamawa-Yadé domain, (iii) the extensive
syntectonic magmatism partially controlled by local
shear zones (600-580 Ma), and (iv) the emplacement
of the Adamawa-Yadé and Poli-Leré post-tectonic
granitoids (~550 Ma). The Adamawa-Yadé domain
(including our study area) represents an asymmet-
ric band of Precambrian basement rocks located East
of the Tcholliré-Banyo shear zone (TBSZ) and ex-
tending from Cameroon (Adamawa) to the Central
African Republic (Yadé) and even to central Southern
Chad (Shellnutt et al., 2020; Djerossem et al., 2021). It
comprises Neoproterozoic granitoids emplaced dur-
ing successive orogenic phases (Delor et al., 2021;
Bernard et al., 2019) in a metamorphosed basement.
This basement underwent two orogenic cycles: the
Eburnean-Transamazonian around 2.1 Ga, then the
Pan-African one around 600 Ma (Tanko Njosseu et
al., 2005). As much as the Neo-Proterozoic events
of the North equatorial Pan-African fold belt are

sufficiently described and dated, little is said about
its Paleozoic events.

The Palaeozoic Pan-African crustal evolution is
marked by an extensional tectonic episode charac-
terised at their early stages by tectonic, geophysical,
and structural markers of block readjustments (such
as normal faults, horsts, grabens, rifts, etc.), except
in the case of aborted rifts. The Late Palaeozoic to
Mesozoic tectonic regime of West—Central Africa was
ruled by tensional stresses resulting from the reac-
tivation of the Central Africa Shear Zone (Guiraud
and Maurin, 1991; Moreau et al., 1987; Tchouank-
oué et al., 2014) or St. Helena mantle plume ac-
tivity (Coulon et al., 1996) and accompanied with
magmatism (Maluski et al., 1995). Nevertheless, the
post-Pan-African magmatism of the CAPFB in Cen-
tral Africa, particularly the Palaeozoic to Mesozoic
magmatism in Cameroon, is still poorly known, al-
though it is of great interest to understand the whole
Pan-African orogeny. In this paper, we present evi-
dence of early Palaeozoic events through new K-Ar
ages obtained on biotite from magmatic rocks car-
ried out in an area located East of Ngaoundéré city
and bounded by the latitudes 7°19' to 7°45’ North and
the longitudes 13°30' to 14°20’ East (Figure 1c). Their
implications on the post-Pan-African evolution of the
CAPFB in Cameroon as well as their geodynamic sig-
nificance (transition between convergent and exten-
sional tectonic regimes) are discussed.

2. Geological setting and review of previous
dating results

The regional geology includes Neoproterozoic ig-
neous suites (Linté-Godé, Yangba-Kogué, calc-
alkaline suite of central Cameroon), and a vast basalt
plateau crosscut by felsic domes in the southeastern
region. The basement is underlain by gneisses and
syn-to post-tectonic calc-alkaline granitoids, locally
covered with volcanic and sedimentary rocks (To-
teu, Van Schmus, et al., 2001; Tchameni et al., 2006;
Ganwa et al., 2008). The volcanic sequence consists
of mafic or felsic lavas resulting from the melt of a
heterogeneous mantle, with possible crustal con-
tamination (Nkouandou et al., 2008; Itiga et al., 2014;
Tiabou et al., 2018).

The local tectonic is characterised by: (1) the pres-
ence of NE-SW mylonitic foliation associated with
the regional-scale TBSZ, known as the last stage of a
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Figure 1. Location of the study area: (a) South America—Africa fit, showing cratons of western Gondwana
(modified after Neves et al., 2016); (b) Geological sketch of Cameroon (modified after Castaing et al., 1994;
Ngako, Affaton, Nnangue, et al., 2003; Owona et al., 2013) with position of the study area; (c) Simplified
geological map of the study area (modified from Lasserre, 1961) together with the position of the studied
samples.
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D;-D; polyphase deformation associated with high-
grade metamorphism that affected the Palaeopro-
terozoic relics of granulitic assemblages and late tec-
tonic granitoids (Toteu, Van Schmus, et al., 2001;
Bouyo Houketchang et al., 2009); and (2) the WSW-
ENE dextral Central Cameroon Shear Zone. Nkono
et al. (2009) mentioned two main directions of linea-
ments: (i) The N65E corresponding to the Cenozoic
faults, which have controlled the setting up of the
Adamawa plateau, and (ii) the N167E direction. This
local tectonic was segmented into four phases (D; to
D4) of deformation using together structural markers
and geochronological data (U-Pb and Sm-Nd dating)
(Toteu, Van Schmus, et al., 2001; Toteu, Penaye, et al.,
2004; Ngako, Affaton and Njonfang, 2008; Ngako and
Njonfang, 2011); D; and D, mark the crustal thick-
ening event dated between 635-615 Ma. D; is repre-
sented by a low-dipping syn-migmatitic foliation (S;)
ascribed to the development of nappes oriented to-
wards the East, whereas D2 corresponds to the trans-
position of S; into conjugate steeply dipping shear
zones and upright folds leading to the expansion of
the main NE-SW foliation recording the local NW-SE
shortening. The D3 phase dated between 600-580 Ma
(U-Pb age; Penaye et al., 1989; Toteu, Van Schmus, et
al., 2001) is expressed by deformations along sinistral
shear zones trending N-S to NE-SW (e.g. Tcholliré-
Banyo) while the D, corresponds to a regression as-
sociated with the activation of NNE-SSW to E-W dex-
tral shear zones (e.g. CCSZ) around 545 Ma (Bessoles
and Trompette, 1980).

Geochronological data in the study area are still
scarce and not yet integrated into a comprehensive
model. A limited number of geochronological inves-
tigations with ages ranging from Archean to Neopro-
terozoic have been carried out in its nearest neigh-
bourhoods, including: (i) a 2.1 + 0.1 Ga U-Pb age
of the reworked metasediments and orthogneisses
basement from Touldoro (East of Ngaoundéré) (To-
teu, Van Schmus, et al., 2001); (ii) a 2.1 + 0.1 Ga U-Pb
ages on hornblende-biotite gneisses of the Mbé re-
gion (Penaye et al., 1989); (iii) the 20”Pb/2%6Pb ages on
pyroxene-amphibole gneiss from Meiganga region
(Ganwa et al., 2008) ranging from ~2.6 + 0.1 Ga for
inherited Archean core to ~1.7 + 0.04 Ga for Palaeo-
proterozoic magmatic domain; (iv) the Th-U-Pb
monazite ages on the Ngaoundéré biotite—-muscovite
granites and biotite—granite between 615 + 27 and
575 + 8 Ma (Tchameni et al., 2006) and (v) U-Pb

zircon ages from Sassa-Mbersi ranging from 725 +
12 Ma for the sedimentary protolith to 573 + 2 Ma
corresponding to emplacement of pegmatite dykes
along dextral shear zones (Saha-Fouotsa et al., 2019).

In Tcholliré and Banyo regions, U-Pb and Sm-Nd
dating of zircons and garnet-whole rock pairs yield
ages ranging from Palaeoproterozoic to Neoprotero-
zoic, considered as dating inheritances. Zircon over-
growths and recrystallised domains give U-Pb ages
ranging between 604 + 4 and 594 + 8 Ma, inter-
preted as corresponding to HP granulite-facies meta-
morphism, in accordance with Sm-Nd garnet-whole
rock ages. Sediments were deposited after 620 Ma
from Palaeoproterozoic to Neoproterozoic protoliths
(Bouyo Houketchang et al., 2009).

Palaeozoic events marking the post-tectonic gran-
itoids from Adamawa-Yadé domain have been high-
lighted by Rb-Sr dating (Toteu, Michard, et al., 1986)
and the discovery of Cambrian-Devonian detrital ig-
neous zircons in conglomerates of the Tibati region.
Whole-rock Rb-Sr dating carried out by Lasserre
(1967) and Tempier et al. (1981) on the granitoids
gave an age range of 531 + 19 Ma to 558 + 40 Ma;
subsequently, Toteu, Michard, et al. (1986) obtained
a Rb-Sr isochron age of 546 + 9 Ma in the Godé mas-
sif, and U-Pb ages on Baddeleyite of the dolerites
veins north of Ngaoundéré (542 + 4 Ma on dolerites
of Mbaoussi; 542 + 4 Ma, 543 + 5 Ma and 536 + 6.4
Ma on those of Nomé).

3. Field descriptions

The study area includes two main lithologic units:
volcanic and granitic rocks. Volcanic rocks outcrop
as dome-shaped massifs or lava flows generally elon-
gated in a preferential direction and occasionally as
dykes intersecting granites. The lava flows are usu-
ally prismatic, massive, or vacuolar.

Granitoids consist of biotite- and biotite-
amphibole-granites, locally banded or deformed
and cropping out as massifs, metric boulders, slabs,
or domes. The banded structure is often reinforced
by migmatisation. Fine-grained rocks are meso-
cratic to melanocratic and generally outcrop either
as injections within corridors delimited by quartzo-
feldspathic veins or as enclaves. Two local phases
of deformation D; and D,, are perceptible. The
D; phase is marked by S; foliation dipping 30° to-
ward NNE with a strike orientation of N100-125°E
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(Figure 2a). This foliation is often straightened out
and underlined by a lithologic banding materialised
by dark ferromagnesian (amphibole + biotite) layers
alternating with clear quartz-feldspathic layers. The
D, phase is represented by a mylonitic S, foliation
striking N45-50°E and dipping 70NW to subverti-
cal (Figure 2b,c), the boudinage (B,) and the (L)
stretching lineation. The S, results from the transpo-
sition of S; (Figure 2c), possibly due to dextral shear,
resulting in the development of a new composite
S2/C, fabrics. The brittle deformation is represented
by punch-through cracks, joints, and sub-meridian
faults (Figure 2d). Dry joints are sub-vertical or par-
allel to the topographic surface, with a global N-S di-
rection. Filled joints are basaltic dykes or pegmatitic
to fine-grained veins (Figure 2d,e). Dextral strike-slip
and ductile brittle faults are locally noticeable. The
ductile brittle fault conveys the direction N45-50°E,
70°NW and is accompanied by numerous fractures
oriented N135E-N150°E dipping 70-80°SW.

4. Methodology

4.1. Samples collection and specimen prepara-
tion

Fresh representative granitic rocks were collected in
an area of about 50 km diameter at Ngaoundéré city
vicinities in central-northeastern Cameroon (see Ta-
ble 2 for their locations). Polished thin sections were
prepared following standard procedures for petro-
graphic observations and dating. Five representative
samples were selected based on their petrography for
X-ray fluorescence analyses and K-Ar dating in Mex-
ico at the Laboratorio Nacional de Geoqumica y Min-
eraloga (LANGEM), Instituto de Geologa, Universidad
Nacional Auténoma de México (UNAM).

4.2. Analytical methods

Bulk rock major elements were measured using a
Rigaku Primus II X-ray fluorescence spectrometer
calibrated with international reference materials.
The rock samples were dried at 110 °C for 2 h before
analyses. To prepare the glass tablet, 0.8 g of dry
powder was mixed with 7.8 g of Li»B4O7 and heated
in a gas furnace to fusion to obtain a pearl. Loss on
ignition (LOI) was determined with 1 g of dry sample
powder calcined at 1000 °C for 1 h, and the mass loss
was subsequently determined.

For K-Ar dating, the rock samples were chosen af-
ter petrographic observation, based on the presence
of well-preserved biotite flakes. Samples were cut,
glued with UV-cured epoxy, and polished with dia-
mond paste to obtain standard thin polished sections
of 27 x 46 x 0.03 mm. The slides were mounted
within an ultrahigh vacuum chamber and prepared
for the in-situ K-Ar system. The automatised analyti-
cal system described in detail by Solé (2014) and Solé
(2021) is made of a noble gas mass spectrometer MAP
216 connected to a stainless steel ultra-high vacuum
line. The line has two SAES GP-50 getters (one at
250 °C and the other at room temperature) to clean
the gases evolved after ablating the sample. The line
is also connected to an ultra-high vacuum chamber
with a double window for transmitted light observa-
tion of the thin sections mounted inside. Light can
be polarised to identify the crystals to be analysed.
The ablation is done with an excimer ATL-RX laser
with a wavelength of 193 um, using a beam diame-
ter of 50 or 70 um, a repetition rate of 30-50 Hz, and
200 pulses. Fluence on samples was ~3 ] cm~2, and
ablation pits were about 20 pm depth. During the
ablation process, a small plasma is produced, whose
light is sampled by an optical spectrometer to obtain
the K concentration. The resultant gas, after clean-
ing, is equilibrated into the mass spectrometer for
Ar measurement. The Supplemental Material sec-
tion contains a detailed analytical protocol and addi-
tional sample’s information. Supplement S1 includes
petrographic microscope photographs of all analysed
points in plane-polarised light and crossed Nicols.
Readers can verify the ages of each point and their
mineralogical/textural positions. It is important to
highlight that this method has revealed that in mi-
cas from rocks subjected to deformation or meta-
morphism, a simple age gradient derived from diffu-
sion theory does not explain the patterns well. The
minerals in contact with the dated mica play a cru-
cial role in fluid circulation and the ease of argon
diffusion. Furthermore, age dispersions may vary
based on the rock type and the preservation of the
micas.

5. Results
5.1. Descriptive petrography

The studied rocks display a fine- to coarse-grained
equigranular to heterogranular magmatic structure
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Figure 2. Some deformation markers of the basement rocks of the studied area. Ductile deformation
(a—c) in deformed granites: (a) S; foliation on Maboro stream bed, (b) S, Foliation taking over the S; with
the presence of alkaline feldspar relics revealing the magmatic origin of the protolith, (c) Sigmoid boudin
B2 illustrating a dextral motion. Brittle deformation (d,e): (d) Filled joints illustrated by a basaltic dyke
crosscutting granite, (e) Punch fractures observed in deformed granite.

at a microscopic scale (Figure 3a,b). The primary
mineral phase includes quartz, alkali feldspar, pla-
gioclase, amphibole, and biotite. The accessory
phases consist of opaque minerals, sphene, apatite,
and zircon. The secondary mineral phase consists of
chlorite, epidote, and sericite crystallised at the ex-
pense of biotite, amphibole and alkali feldspars re-
spectively. Quartz appears as anhedral medium to
coarse recrystallised phenocrysts or interstitial fine
grains. Plagioclase crystals exhibit typical twin lamel-
las and generally enclose Fe-Ti-oxides, biotite, am-
phibole, chlorite, or apatite, while fine crystals are
usually included in alkali feldspars. Alkali feldspars
consist of anhedral to subhedral microcline and or-
thoclase crystals, locally displaying cross-hatched
and Carlsbad twins. The largest crystals (>1 mm) fre-
quently show perthites and myrmekites. Amphibole
appears as anhedral to subhedral brown to green-
ish pleochroic crystals (Figure 3c,d). Phenocrystals
are poikilitic (biotite + apatite + Fe-Ti-oxides), of-
ten zoned, and frequently show corroded margins,
whereas microcrystals are interstitial. Biotite crys-
tals are brown or greenish, with a regular cleavage.
Fine crystals are either included in alkali feldspars
(Figure 3a) or interstitial, while phenocrysts com-

monly enclose apatite, zircon, and opaque minerals
(Figure 3d). Opaque minerals generally appear as
rounded, angular, or skeletal crystals, especially con-
centrated in the interstitial phase or included in pri-
mary minerals. Phenocrysts enclose zircon and ap-
atite. Zircon is euhedral with a polygonal or cubic
shape and is regularly included in biotite or opaque
minerals. Apatite mostly crystallises either as inter-
stitial acicular or hexagonal microcrystals or as an-
hedral or rounded crystals included within feldspars
or biotite (Figure 3c,d-f). The more or less deformed
character of the studied granitoids is sufficiently per-
ceptible on certain minerals such as biotites display-
ing typical microstructures of deformation such as
the elongation biotites flakes, the reduction of the
grain size of the mica aggregates by the nucleation
of new micas, and rarely mineral cracking or folding
bands.

5.2. Nomenclature and geochemical features

The study granitoids have K, O, Na,O and Al,O3 con-
tents ranging respectively between 2.8-6.3 wt%, 3.2—
4.8 wt% and 13-16.2 wt%, and low Mg# (13.2-25) as
presented in Table 1. They are potassic regarding
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Figure 3. Representative photomicrographs for granitic rocks from Ngaoundéré. (a) Medium- to coarse-
grained texture in Qz-monzonite BJM410 and inclusion of biotite microcrystal in alkali feldspar; (b) Fine-
grained texture in granite BJM520; (c) Marks of deformation at microscopical scale in granite GAM521
revealed by bending of biotite cleavages and feldspars cracking; (d) Biotite flakes associated with euhedral
sphene and hornblende including apatite and opaque minerals in Qz-monzonite BJM410; (e) Alkali
feldspar exhibiting perthite in granite BIN089; (f) Zoned feldspar and biotite including apatite in Qz-
monzonite BJM069. Mineral symbols are after Kretz (1983).
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their NapO-K;0 values (<2) according to Le Bas et
al. (1986). In the total alkali vs. silica (TAS) classifica-
tion diagram of Middlemost (1994), they plot in the
Qz-monzonite and granite fields (Figure 4A). Their
normative composition is marked by (i) the presence
of normative hypersthene (0.4-1.4 wt%) in all sam-
ples, and (ii) the occurrence of normative corundum,
except in the Qz-monzonite sample (BJM 410) con-
taining normative diopside (2.18 wt%). Three sam-
ples including two granites (BJM520 and BIN089)
and Qz-monzonite BJM069 plot within the high-K
to shoshonitic fields in the K;O vs. SiO, diagram
of Le Maitre et al. (1989), one Bt-granite (GAM521)
and one Qz-monzonite (BJM410) occupy the field
of medium potassic rocks (Figure 4b). Considering
their position in the diagram of Maniar and Piccoli
(1989) and Chappell and White (1992) (Figure 4c), the
study granitoids are calc-alkaline, of I-type, metalu-
minous to weakly peraluminous (A/CNK: 0.92-1.05;
A/NK: 1.16-1.49). The slightly peraluminous grani-
toids belong to the ferroan series with Fe# (FeOt/FeOt
+ MgO) values ranging from 0.84 to 0.87 while meta-
luminous granitoids (Qz-monzonites) fit in the mag-
nesian series (Figure 4d), with Fe# varying from 0.75
to 0.81 Regarding their high Na,O contents (3.2—
4.8 wt%) and their shoshonitic affinity (overall high
K20/NayO ratio), the study granitoids likely dis-
play adakitic signature. Considering the low MgO
(<3.0 wt%) and Mg# (mostly <45) of all the rocks dis-
playing adakitic signature, they can be classified as
low-Mg adakitic rocks. On the MgO and Mg# vs. SiO>
discrimination diagrams, they respectively plot into
the fields of high-silica adakite, and C-type adakites,
likely derived from the melting of a thick lower crust
(Figure 4e,f).

5.3. Biotite K-Ar ages

About 12 to 22 analyses on different biotite crystals
have been done for each of the five selected sam-
ples. Overall, sixty-three (63) measurements were
carried out but only forty (40) were retained for this
study because analyses carried out on chloritised or
altered biotites were not taken into account due to
their erroneous values. The ages obtained using the
in-situ K-Ar method are comparable to those from
Ar-Ar via laser ablation, although with less preci-
sion. The advantage of this method is that it al-
lows for age measurements in any polished sample

without the need for irradiation. Individual laser ab-
lation ages obtained in each dated samples range
as follows: GAM521 (482-501 Ma), BJM410 (471-
501 Ma) BJMO069 (527-562 Ma), BIN089 (532-550 Ma)
and BJM520 (527-595 Ma). Figure 5 shows the dis-
tribution of ages in the stratigraphic chart, and Ta-
ble 2 displays the basic sample information. Dated
samples display ages ranging from late Ediacaran
(549 £ 19 Ma) to Early Ordovician (482 + 6 Ma), cov-
ering 67 Myr of regional geological history and fit-
ting together with the Pan-African orogenic phase in
Cameroon, as discussed below (Table 2).

6. Discussion
6.1. Laser K-Ar dating

Geochronometers can be classified based on their
diffusive blocking (closure) temperature. The U-
Pb method applied to zircon and other trace min-
erals is typically restricted to high and ultrahigh-
temperature events (>600 °C), such as the crystallisa-
tion of igneous rocks, migmatites, and the so-called
high-grade metamorphism. However, medium and
low-temperature events (<600 °C) that separate sim-
ilar blocks from different geological evolutions, can
sometimes be difficult or impossible to detect with
the U-Pb method.

The laser K-Ar (or Ar-Ar) method is sensitive to
temperatures below ~600 °C, deciphering medium to
low-grade metamorphism, cooling, or hydrothermal
circulation, contrary to the U-Pb method. The in-situ
K-Ar method gives ages of different parts of crystals,
like the Ar-Ar laser-probe method (Kelley et al., 1994;
Mulch et al., 2002; Pickersgill et al., 2020), which can
span a range of ages larger for one sample than the
classical K-Ar, which shows only the weighted mean
of all crystal ages measured. In this sense, the age
range of each sample can be more comparable to the
ages obtained with the Ar-Ar step heating approach.
In-situ geochronology (e.g., K-Ar, Ar-Ar, Rb-Sr, U-
Pb, Sm-Nd, Lu-Hf) applied to petrographic sections
give spatial information not attainable by conven-
tional techniques (bulk analyses, mineral separa-
tion). This added knowledge overcomes the fact that
the precision of each analysis is lower due to the
very small amount of sample analysed during laser
ablation.
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Figure 5. In-situ K-Ar ages on biotites obtained in standard petrographic thin sections of five granitic
rocks near Ngaoundéré, Cameroon. Each point corresponds to an individual laser ablation age. A
minimum of 12 analyses per sample have been obtained, with a total of 40 ages (see Table 2). The range
of ages for each sample is mainly influenced by later metamorphic events. At the right are photographs
of some dated biotites, showing laser ablation craters and their ages in Ma.

These medium-temperature geochronometers
could discriminate rocks that experienced a differ-
ent geological history even if the protoliths were the
same or the samples were spatially grouped by tec-
tonic activity. Moreover, the direct dating of thin sec-
tions allows checking the petrology of samples and
selecting the appropriate minerals to be dated, pro-
ducing a strong test on ages. If better precision and
further interpretative control are needed, the Ar-Ar
method will be more appropriate, assuming the ad-
ditional analytical effort. Other low-temperature
thermochronometers like fission tracks or U-
Th-He will complement the interpretation of the

tectonic history of Precambrian samples in cratonic
regions worldwide. Nevertheless, the K-Ar (or Ar-Ar)
methodology preserves, in general, a more detailed
record of cooling or overprinting. These ages may in-
dicate the time since the mineral (re)crystallisation.
Still, because most igneous and metamorphic rocks
can form at moderate to high temperatures, most
dates indicate the length of time since the material
dropped below some critical temperature known
as closure temperature at which diffusion of argon
out of the sample became negligible (e.g., Philpotts
and Ague, 2010). The K-Ar dating method differs
from other common methods by involving a decay
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product that is an inert gas, not affected by initial
isotopic ratios, as is the Rb-Sr method. Even at mod-
erately low temperatures, this gas is a fugitive com-
ponent (i.e., has very low solubility) and is typically
not incorporated in minerals (e.g., ibid.).

6.2. Geodynamic significance and implications
on the Post-Pan-African evolution

Two major facts are remarkable with regard to the
Post-orogenic ages presented in Table 3: (1) Few
Paleozoic igneous events have been reported in the
Adamawa-Yadé domain; and (2) the K-Ar ages pre-
sented in this study (549 + 19 to 482 + 6 Ma) are
among the youngest obtained so far in the CAPFB.
As much as these Paleozoic ages linked to the Pan-
African orogeny have been interpreted either as
emplacement ages particularly for the granitoids
from northern Cameroon (Lasserre, 1967; Tempier
et al., 1981; Toteu, Michard, et al., 1986), or erro-
neously ascribed to the extension of post-collisional
metamorphism and magmatism related to the late
collision phases between the Saharan metacra-
ton, the Sdo Francisco-Congo and West African
cratons (despite the absence of a regional Cam-
brian metamorphic event recorded in the CAPFB) by
Kanouo et al. (2021), their magmatic source remains
unidentified.

The age range obtained in the present work over-
laps the period of Late Cambrian post-orogenic mag-
matism recorded in Kékem (Lemdjou et al., 2022)
(see Table 3), and is consistent not only with the max-
imum emplacement age for post-tectonic granitoids
in northern Cameroon (554.3 + 5.7 Ma; Toteu, De
Wit, et al. (2022), but also with the Rb-Sr ages (550—
500 Ma) recorded in post-tectonic alkaline granites
emplaced subsequent to the uplift of the Pan-African
fold belt (Toteu, Van Schmus, et al.,, 2001). How-
ever, assuming that: (1) Post-tectonic granitoids in
the Adamawa-Yadé domain were emplaced between
604 + 8 and 544 + 16 Ma (Toteu, De Wit, et al.,
2022), (2) most of plutonic intrusions throughout
Nigeria, Cameroon, and Air were emplaced between
645 and 580 Ma and (3) a large proportion of them
intruded at about 580 Ma (Liégeois et al., 1994; Ek-
wueme and Kroner, 1998; Ferré et al., 1998), the
new ages range presented in this work is too young
to be considered as the crystallisation age of mag-
mas. They likely correspond to the late stages of the

Pan-African Orogeny. Therefore, the dated granitoids
are likely the fingerprints of late- to post-orogenic
events in the area. They have intruded the early Pan-
African metamorphic units in the late stages of the
Brasiliano/Pan-African orogenic evolution later to
the 640-580 Ma compressional tectonic regime of the
CAPFB.

The new laser biotite K-Ar ages may correspond
to metamorphism or deformation subsequent to the
emplacement of the dated rocks. The Late Edi-
acaran ages might provide insight into the timing
of late Adamawa-Yadé kinematics and probably the
uplift and cooling of the CAPFB. Otherwise, the
Adamawa uplift and cooling of the CAPFB are post-
metamorphic and post-tectonic events that mark the
end of convergence and the beginning of crustal
extensional. Thus, Cambrian intrusions associated
with these events mark the transition between con-
vergence and divergence in CAPFB.

As presented in Table 3, all the Cambrian to
early Ordovician ages, are mostly linked to Post-Pan-
African events in Cameroon. Moreover, it is note-
worthy that in Cameroon, the earliest Pan-African
molasses (generally defined as post-collision detrital
sediments) in CAPFB to date are the Mangbai-type
through (Béa et al., 1990), the syn-trough deposits
approximated Rb-Sr age of interleaves volcanic is
ca 585 Ma (Montes-Lauer et al., 1997). Therefore,
in absence of additional mineralogical and struc-
tural/tectonic data, the new K-Ar ages (549 + 19-
482 + 6 Ma) here presented, can more likely be as-
cribed to the late stage of the Pan-African orogeny in
CAPFB as it is the case for the Cambrian—-Ordovician
ages of the Brazilian Belt or NE-Nigeria, than to
an independent event such as rifting or strike-slip.
Rifting and/or strike-slip in Cambrian—-Ordovician
times were most likely related to further isostatic
evolution of CAPFB, in response to the equilibration
of the Pan-African thickened crust during nappes
stacking.

The entirely Ediacaran age (558-630 Ma) of the
late Pan-African plutonism phase of the Eastern
Adamawa region including our study area as stated
by Bernard et al. (2019) and Delor et al. (2021) is ques-
tioned in the present work, because the new ages ob-
tained evidence that this phase might be longer and
undoubtedly extends until the end of the Cambrian.
A relevant fact on similar ages in nearby blocks and
domains must be mentioned first. Although some
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retrogression processes may be recorded, no regional
metamorphism has been signalled during the uplift.
The new ages correspond to K-Ar on biotite of grain
sizes from ~1 mm to ~0.5 mm, so if we apply the the-
ory of diffusion to this mineral using the experimen-
tal data, the temperature of closure (assuming only
Fickian diffusion controlled by temperature) is 350-
400 °C. Most of the geochronology of Cameroon, par-
ticularly Precambrian terranes, has been done with
the U-Pb geochronometer on zircon, which has a
very high temperature of closure, magmatic in gen-
eral. For age analysis, a density diagram has been
created for each sample, assuming a 2% variation for
each Gaussian curve of each age. Uncertainty in K-
Ar ages has been calculated using standard methods
that rely on normal error propagation. Precision is
derived from analytical argon measurements taken
with the mass spectrometer, and potassium from
measurements taken with the optical spectrometer.
Accuracy is established through the analysis of inter-
nal standards. The set of curves, which has been fit-
ted with one or more functions to determine the cen-
tre and standard deviation, is displayed in Figure 6.
BINO089 is unimodal with a centre at 523 + 17 Ma.
The dispersion appears to be associated with analyt-
ical uncertainty and the cooling of the sample below
the biotite closure temperature, nominally between
300 °C and 400 °C. BJM069 shows a main peak at 543
+ 20 Ma and a secondary one at 515 + 20 Ma. We
consider the first peak to represent the sample age
and the second to indicate a potential “reset” of some
analysed points. BJM410 can be regarded as having
an age of 495 + 17 Ma, with a slight curve deforma-
tion that could be divided into two at 492 + 17 and
501 + 12 Ma. The difference is not significant, and the
first age is accepted as valid. BJM520 presents a main
peak at 541 + 16 Ma, accompanied by a small adja-
cent peak at 581 + 20 Ma. The fact that the secondary
peak is older suggests an excess of argon in some of
the analysed micas. Thus, we consider the first age
to be the best estimate. GAM521 has a single, well-
defined peak at 482 + 13 Ma. Therefore, the oldest
spot obtained on the Amph-Bt-granite BJM520 (549
+ 19 Ma) could be considered to be closest to the
intrusion and the lower ages reported in this work,
although similar to some early Palaeozoic late Pan-
African intrusions cited above, can be interpreted as
the final epoch of cooling of the analysed rocks or
a last disturbance of the K-Ar geochronometer on

biotite. Therefore, this range (from 538 + 18 Ma
to 482 + 6 Ma) likely corresponds to either cooling
by uplift fluid movements due to tectonic events or
kinematic disturbances rather than a long period of
intrusions.

6.3. Comparison and correlation with the adja-
cent Brazilian Belt

The tectonic evolution of both the CAPFB and the
Brazilian fold belt is characterised by three main tec-
tonic events involving collision, post-collision, and
crustal extension, suggesting that both formed a sin-
gle belt before they drifted in Mesozoic, although the
sequential limits of the above events are still contro-
versial (Ngako and Njonfang, 2011; Toteu, De Wit,
et al., 2022). The correlation of the CAPFB with the
Brasiliano fold belt (Figure 7) has allowed highlight-
ing some similarities between the two belts both in
terms of the orogenic cycle and their tectonic evolu-
tion (De Wit et al., 2008). This is the reason why we
propose to make a summary comparison of the K-
Ar ages obtained in the present work with some pub-
lished data of the post-collision episodes of the east
coast of Brazil, although the Adamawa-Yadé domain
does not seem to extend overseas. The Cambro-
Ordovician post-collisional phase of the Brasilano
fold belt is characterised by intense magmatic activ-
ity clearly visible both in the SE and NE of Brazil and
even in the central zone (Castro, Basei, et al., 2009;
Castro, Ganade de Araujo, et al., 2012; Teixeira, 2005)
and Rio Grande do Norte (Nascimento et al., 2015).
In SE-Brazil, Cambrian to early Ordovician post-
collisional magmatism has been dated in Aracuai-
Ribeira belt precisely in the region of Espirito Santo.
The U-Pb ages obtained on zircon, monazite and
titanite range from 525 + 3 Ma to 480.7 + 6.1 Ma
(Mendes et al., 2005; Valeriano et al., 2011; de Cam-
pos, Mendes, et al., 2004; de Campos, De Medeiros,
et al., 2016). These ages were associated with the
third phase of anatexis (de Campos, Mendes, et al.,
2004) and correspond to the emplacement and crys-
tallisation ages. During this post-collisional Cambro-
Ordovician phase, two distinct magmatic events were
highlighted in this SE-Brazilian region: (i) an earlier
of Cambrian age (~ca.512 Ma) post-dating the end of
the foremost collisional phase, then (ii) the late one
of Ordovician age (~at ca.486 Ma) post-dating the
end of the second collisional episode. In the Parana
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Figure 6. Density diagram of dated samples individual K-Ar ages. The numbered horizontal bars indicate
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and Parnaiba basins, the post-collision Ordovician
magmatism was emplaced in an extensive regime
and associated with the Trans-Brasiliano Shear Zone
(Brito Neves et al., 2014; Heilbron et al., 2018).

In the NE Brazil, the Palaezoic magmatism has
been identified in the northernmost continuation of
the Trans-Saharan Belt known as the Brasilian Serid6
belt (520 + 3.0-518 + 1.8 Ma; “°Ar/3%Ar ages; Aratjo
et al. (2005)), and widely distributed in the Bor-
borema Province (BP) particularly in the Pianc6-Alto
Brigida domain (540 + 5 Ma; U-Pb apatite dating;
Dhuime et al. (2003)), the Prata Complex (534 + 3
Ma-533 + 4 Ma; U-Pb zircon SHRIMP; Hollanda et
al. (2010)), and numerous plutons including the Serra
do Velho Zuza (538 + 23 Ma; U-Pb zircon TIMS),
Serra do Pereiro (543 + 7 Ma; U-Pb zircon TIMS)
(Guimaraes, Silva Filho, Almeida, et al., 2004), Mar-
inho Pluton (550 + 3 Ma-527 + 6 Ma; U-Pb zircon
SHRIMP; Guimaraes, Silva Filho, Lima, et al. (2012)),
and Queimadas (550 + 6 Ma; U-Pb Zircon SHRIMP;
Almeida et al. (2002)) In the Seridé belt it was as-
cribed to the likely post-peak metamorphism age as-
sociated with gold mineralisation (Aratjo et al., 2005)

while in the BP which is generally considered as an
extension of the CAPFB in pre-drift reconstructions
of the Atlantic Ocean (Guimaraes, da Silva Filho, et
al., 2009; Oliveira et al., 2006; Toteu, Van Schmus,
et al.,, 2001) (see Figure 7), the Cambrian ages were
interpreted as cooling age following regional meta-
morphism associated with granitic emplacement at
ca. 580 Ma in Piancé-Alto Brigida belt (Dhuime et al.,
2003). Thus, despite slight shifts, similarities emerge
between the K-Ar ages obtained in the present work
and those of the post-collision episodes from eastern
coast of Brasilian belt.

7. Conclusions

This study reports new in-situ K-Ar geochrono-
logical data on thin sections of five granitic rocks
from Eastern Ngaoundéré in Cameroon. The anal-
ysed calk-alkaline I-type plutonic rocks consist of
Qz-monzonite and granite. Their dating provided
significant ages ranging from late Ediacaran (549
+ 19 Ma) to Early Ordovician (482 + 6 Ma). They
are among the youngest ages published in the
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Figure 7. Generalised geological map of NE-Brazil and West-central Africa in a Gondwana (pre-drift)
configuration (modified from Toteu, Van Schmus, et al., 2001). The blue dashed outline indicates the
boundary of Cameroon. TBF = Tcholliré-Banyo Fault (in Cameroon); SF = Sanaga Fault (in Cameroon);
PL = Pernambuco Lineament (in Brazil); AF = Adamawa Fault (in Cameroon). The white star approxi-
mately locates the study area. “B/PA with PP” states to regions of Brazilian-Pan-African belt with large
amounts of reworked Palaeoproterozoic basement; “B/PA without PP” refers to regions of Brazilian-Pan-
African belt in which Palaeoproterozoic basement is absent or poorly represented as small isolated

blocks.

Pan-African Adamawa-Yadé domain. These new
ages obtained mark the extensional regime in the
earliest stages of the Adamawa uplift between the

late Ediacaran to Early Ordovician as well as the end
of the CAPFB orogen, implying no later disturbance
of the argon system in biotite after ~480 Ma.
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