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Abstract: The pre- to post-Late Neoproterozoic geological histories in the south to southwestern part
of Mamfe Basin (SW Cameroon) were reported following analysis of the zircon crystals from their
host rocks. A genetic model was developed for the zircon host rocks’ formation conditions, and
the registered post-emplacement events were presented. The obtained ages were correlated with
the data available for rocks in the Cameroon Mobile Belt, SE Nigeria, and the Borborema Province
of NE Brazil. Separated zircons from Araru black to whitish gneiss, Araru whitish-grey gneiss,
and Mboifong migmatite were analyzed for their morphology and texture U-Th-Pb composition,
and U-Pb ages. Published U-Pb zircon ages for Otu granitic pegmatite, Babi mica schist, and
Nkogho I-type anatectic granite were updated. Zircon ages in Araru black to whitish gneiss; Araru
whitish-grey, Mboifong migmatite, Babi mica schist, Nkogho I-type anatectic granite, and Otu
granitic pegmatite date the Eburnean tectono-magmatic/metamorphic event in Cameroon and SE
Nigeria. The Late Paleoproterozoic to Early Mesoproterozoic ages record extensional (continental
rift) settings and anorogenic magmatism in the Borborema Province in the NE of Brazil. These
ages date collisional phases between the Sao Francisco-Congo and West African cratons and the
Saharan metacraton with metamorphism and magmatism in Cameroon. They also date the Kibarian
tectono-magmatic/metamorphism and PanAfrican tectono-magmatic/metamorphism in SE Nigeria.
The Late Paleoproterozoic to Early Mesoproterozoic ages date the Cariris Velhos orogeny in the
Borborema Province in NE Brazil, with Early Tonian crustal rifting, magmatism, and metamorphism
and the collisional phase of the Brasiliano orogeny with syn-collisional plutons and extensive shear
zoning and post-collisional granite intrusions.

Keywords: Cameroon PanAfrican Basement; Mamfe Basin; SE of Nigeria; NE of Brazil; U-Pb zircon

1. Introduction

Zircon geochronology is one of the key methods used to determine the ages of
geological processes, including magmatic crystallization, different post-crystallization
episodes [1-7], fingerprinted metamorphism [2,8-14], and hydrothermal activity [15-18].
It also helps for provenance studies and paleogeographic reconstitution (e.g., [19-29]).
Coupled with zircon morphology-textural analyses and U-Th composition helps to better
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understand geological processes [3,5,6,19,30-33]. The two above features are useful in
discriminating metamorphic, hydrothermal, and magmatic crystallized zircons in a host
rock [3,5,11,19,31,34]. Metamorphic zircons, in particular, show distinctive external mor-
phology (sign of resorption or overgrowth, rounded, ovoid, or soccer-ball shape) [3,5,19,31]
and internal textures (growth zones, preserved igneous cores, recrystallized domains, and
domains showing other types of structural reorganization) [3,19,30,31]. The identification
and study of these specific features can help us understand the zircon crystallization,
growth conditions, and history; additionally, these features help reconstitute the differ-
ent metamorphic grades and related episodes of growth [19,31]. Migmatites, granulites,
gneisses, eclogites, and mica schists are examples of rocks capable of hosting metamorphic
zircon morphologies, textures, and distinctive Th/U ratios [3,5,11,12,19,31,33,35]. They can
also host syngenetic and/or inherited magmatic zircon features useful for their characteri-
zation, petrogenetic, and tectonic reconstitutions [3,5,19,30,31].

The basement rocks (migmatites, mica schists, gneisses, granites, anactetites, and
syenites) in the Mamfe Sedimentary Basin in the southwest region of Cameroon are part
of the PanAfrican Cameroon Mobile Belt (Figure 1) [5,6,36-38], a Neoproterozoic to early
Palaeozoic zone formed from a combination of tectonic, magmatic, and metamorphic activ-
ities (e.g., [39,40]). Some rocks in this PanAfrican Cameroon Mobile Belt show similarities
with those in SE Nigeria and NE Brazil [41-43]. Granites and mica schists in the Mamfe
Sedimentary Basin host zircon crystals, which have been characterized. The obtained
characterizations have been used to understand the formation of those rocks [5,6,38]. Otu
granitic pegmatite in the western part of the basin was formed during Ediacaran to Cam-
brian times from a progressive cooling crustal magma [5]. The arc-like Nkogho I-type
granitoid in the SW of the Mamfe Basin was crystallized from granitic magma during
Cryogenian to Ediacaran times and was later affected by post-Ediacaran Cambrian to
Albian magmatic events with the later age probably dating the opening of the basin [6].
Mica schist outcrops found in Babi (SW of the Mamfe Basin) enclose Paleoproterozoic to
Mesoproterozoic magmatic zircon inheritances and Cryogenian to Ediacaran syngenetic
magmatic and metamorphic zircons with the later ages dating the formation of this mica
schist during the PanAfrican tectono-magmatic/metamorphic events [5]. Detailed informa-
tion on migmatites, gneisses, and anactectites are limited, except those of their petrography
in [36,37] and from reconnaissance mapping [38]. In this study, we: (1) update available
geochronological data for basement rocks in the Mamfe Basin (SW Cameroon), the Bor-
borema Province (NE Brazil) and SE Nigeria, as ages for some rocks in these two zones
show closeness with those in the Cameroon Mobile Belt (see [41-43]); and (2) present zircon
morphology and textural features, U-Th abundance, Th/U ratios, U-Pb ages for gneisses
cropping in Araru, and migmatite in Mbiofong (SW of the Mamfe Basin). These data are
used to: (1) determine zircon crystallization and/or growth history; (2) elucidate zircon’s
host rock formation and fingerprinted post-formation events; and (3) compare obtained
ages to those of rocks found in the southwestern part of the Cameroon Mobile Belt, SE
Nigeria, and the Borborema Province (NE Brazil) for an approach to regional correlation.

2. Overview on the Geochronology of the PanAfrican Cameroon Mobile Belt,
Borborema Province NE of Brazil and SE of Nigeria

2.1. The PanAfrican Cameroon Mobile Belt

The Cameroon Mobile Zone or Central African Fold Belt is a megatectonic structure
underlying Cameroon, Chad, and the Central African Republic between the Congo craton
to the south and the Nigerian shield to the north [44]. It was formed during the Neoprotero-
zoic, from the collision between the Saharan metacraton and the Congo craton [45,46]. The
Cameroon Mobile Belt between the Congo craton in the south and the Nigerian basement in
the northwest consists of Neoproterozoic supracrustal assemblages and variously deformed
granitoids with tectonically interlayered wedges of Paleoproterozoic basements [39]. The
southern part displays medium-to-high-grade Neoproterozoic rocks, including 620 Ma
granulites, which are interpreted to have formed in a continental collision zone and were
thrust over the Congo craton, whereas the central and northern parts expose a giant shear
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belt characterized by thrust and shear zones, which have been correlated with similar
structures in northeastern Brazil and which are late collisional features [39]. Geochronology
of the oldest rocks within the Cameroon Mobile Zone including the Paleoproterozoic gneis-
sic basement, Mesoproterozoic to Neoproterozoic schists, and gneisses of Poli, Yaoundé,
and Lom, as well as PanAfrican granitoids whose ages range from the early stage of the
deformation (orthogneisses) to the late uplift stages of the belts [47], were presented [48].
The ages of some Paleoproterozoic to Early Cambrian rocks found within the Cameroon
Mobile Belt are presented in Table 1.

Table 1. Ages of some Paleoproterozoic to Early Cambrian rocks found within the Cameroon mobile belt.

Paleoproterozoic (2118 to 1617 Ma)

Early to Mid Neoproterozoic Late Ediacaran to Early Cambrian

Late Neoproterozoic (620 to 575 Ma)

(1) 2.1 Ga garnet amphibolites and
tonalitic to trondhjemitic gneisses [49]

(2) 2.06 Ga Ititin metabasite found in
the western border of the
Adamawa-Yade domain [49]

(3) 1617 + 16 Ma Bafia Group
metasediments [50]

(920 to 630 Ma) Ages (569 to 510 Ma)
(1)~830 to 700 Ma intrusions and (1) 620 £ 10 Ma granulite in Yaoundé [53] 569 + 12 to 558 £ 24 Ma and 533 + 12
low-to high-grade schists and to 510 + 25 Ma for Nkambe
gneisses of Poli-Maroua granitoids [58,59]
Group [51]
(2) 668 + 11, MaFMokong (2) 618 magmatic rock of Tonga [54]
granite [51]
(3) 645-630 Ma Rey Bouba (3) 601 to 586 Ma Mamb meta-gabbros and
Greenstone Belt [48] meta-hornblendites [55]
(4) 630 to 547 high-K I-type (4) 600 Ma Ngondo granites [56] and Bafia

granites in Batié [52] monzodiorite [50]

(5) 578 Ma Dschang high-K I-type biotite
granite [57]

(6) 563 Ma Dschang high-K I-type
magnetite granite [57]

2.2. The Borborema Province PanAfrican NE Brazil

The Borborema Province, in NE Brazil, is geologically a Neoproterozoic (620-570 Ma)
tectonic-magmatic/metamorphic megastructure formed from interference between two
collisions [60]. Documented in [61], the Borborema Province was built in the Neoprotero-
zoic by agglutination of allochthonous lithospheric fragments during the Cariris Velhos
(~1000-920 Ma) and Brasiliano (~625-510 Ma) orogenies. The oldest basement rocks are
the Archean to Paleoproterozoic aged (3.7-2.0 Ga) TTG-type orthogneisses and metasedi-
mentary rocks, such as paragneisses and schists, mafic to ultramafic rocks, and alkaline
intrusions [62-66]. Other old basement rocks include the Late Paleoproterozoic to Meso-
proterozoic aged rocks of the metavolcano-sedimentary units (developed in extensional
continental rift settings and aged at 1.8 Ga [67]) and the Late Paleoproterozoic and Meso-
proterozoic anorogenic magmatism (in the transversal zone, aged ca. 1.7-1.5 Ga, with
locally high representation) [68,69].

Early Tonian magmatism and sedimentation (1000-920 Ma), as well as components
of complete plate tectonic cycles during the Neoproterozoic (ca. 900-540 Ma), were also
found [65,70-73]. Early Tonian to Ediacaran aged basement rocks include (1) 900-800 Ma
crustal extension mafic to ultramafic intrusions (~900 Ma [74]), continental-rift basic volcanic
rocks (~882 Ma [75]), and A-type orthogneisses (~869 Ma [76]); (2) 820-650 Ma continental
drift following the Tonian rifting that culminated with oceanic crust development [75] and
separation of the Borborema lithospheric blocks from the Sao Francisco-Congo paleocon-
tinent, and the development of rift/passive margin units [73]; (3) 650-620 Ma subducted
and continental arc phases enclosing syn-orogenic, greywacke-rich units with intermedi-
ate to felsic volcanic and volcaniclastic intercalations [75]; and (4) 620-590 Ma collisional
phase of the Brasiliano orogeny associated with crustal anatexis generated syn-collisional
plutons [75,77,78]. Extensive shear zone networks were developed towards the end of
the Brasilia orogeny, which are spatially related to post-collisional granite intrusions of
~590 to 510 Ma (e.g., [79-82]). The other post-collisional and post-Ediacaran episodes are
the 460 Ma felsic dykes cross-cut by faults parallel to the main trend of the Transbrasiliano
shear zone [83]. These shear zones commonly border Cretaceous intraplate sedimentary
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basins formed during ductile-to-brittle deformed phases characterized by normal faults
overprinting mylonitic foliations [82]. Calcite slickenfibre-bearing faults that yielded a
U-Pb age of 135 £ 4.7 Ma (from dating filled-rock sampled zircons) can be associated with
the opening of the South Atlantic Ocean [82].

2.3. The PanAfrican SE of Nigeria

The PanAfrican basement, or Nigeria Basement Complex, is believed to be a reworked
older crust (probably Liberian in age), which has been further reworked by later orogenies
like the Eburnean (2000 £ 200 Ma) and PanAfrican (600 &+ 150 Ma) [84]. The orogenies
likely resulted in the addition of the granitoids and schist belts [84]. Kibaran (1300-1100 Ma)
sedimentation and deformation were evidenced within the rocks of the Nigeria Basement
Complex [85]. The Kibarian was followed by ages ranging from 900-450 Ma representing
the imprint of the PanAfrican orogenic events (around 600 & 70 Ma, [86]) that gave rise
to migmatite, gneisses, and older granite intrusions [84]. The PanAfrican basements in
SE Nigeria are composed of gneisses, phyllites, schists, amphibolites migmatites, and
granites [87-89]. Basement rocks in this complex were invaded by numerous intrusive
bodies ranging from massive to thin dyke-like bodies [88]. These intrusive rocks include
granites, dolerites, pegmatites, syenites, diorites, granodiorites, and charnockites [89].
The metamorphic basement rocks in the Oban area of SE Nigeria, which underwent
polymetamorphism, with the grade ranging from medium greenschist facies in phyllites
and schists to uppermost amphibolite facies in the kyanite-sillimanite schists, garnet
sillimanite schists, and migmatic gneisses [90]. Schists and gneisses, which crop out
in Oban, range in age from 527 to 680 Ma, whereas a Rb-5Sr isochron age for banded
amphibolites is 784 + 13 Ma, and the zircon evaporation age for the banded gneiss is
1931 £+ 2 Ma [91,92].

3. Local Geological Setting

The Mamfe Sedimentary Basin (now Mamfe Basin; Figures 1 and 2) is Cretaceous
in age [93-95]. It is a tectono-sedimentary structure formed during the opening of the
southern part of the Atlantic Ocean [37,96]. This basin is historically and genetically linked
to the Benue Trough (in southeast Nigeria) [37,97], a linear mega-depression filled with
up to 6500 m of lithified marine and continental sediments [98,99] ranging in age from
Mid Albian to Maastrichtian [98,100]. It is a NW-SE segment of the NE-SW trending Benue
Trough, which started to form during the opening of the Gondwana supercontinent in the
Triassic [37]. The similarity in the mode of tectonic evolution between the Mamfe Basin
and the Benue Trough is supported by their presence of both rifts and fold axes that are
parallel to their respective basin axes [97].

The rift propagated along existing lines of weakness and broadened during early
Jurassic times [37]. It was suggested [102] that rifting in the Mamfe Basin aborted in the
Upper Albian to Lower Cenomanian due to the sub-crustal contraction and compression
that led to the westward displacement of its depositional axis. Spreading ceased in the mid
Jurassic, and as the lithosphere cooled, the shallow depression deepened [103]. Indeed,
rifting that formed the Mamfe Basin is thought to have been accompanied by rapid tectonic
subsidence that was in response to thermal recovery of the lithosphere following the ther-
mal disturbance that led to the stretching and thinning of the crust beneath the basin [97].
Sedimentation in the Mamfe Basin started in the Albian [37], as Gondwana started to break
up, during the Early Cretaceous [104]. Several small NW-trending anticlines are reported
at the eastern end of the Mamfe Basin [105].
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- Cenozoic to recent volcanism (<65 Ma)

Cretaceous to Paleozoic cover (25-145 Ma)

Postectotic granitoidsJSanga and west central group

-7

(SGp, WCGp, 500-600 Ma)
Lom, Poli Yaounde group (800-600)

Yokadouma, Dja groups (1200-800 Ma)
Sembe OQuesso group (1200-800 Ma)
Nyong Complex 1800-2100 Ma

|:|Ntcm Complex (>2500 Ma)
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- Pan-African thrust zone

Syntectonic granitoid

10°4

,* Eburnean thrust zone
L

Mamfe Basi

Atlantic Ocean

Kribi

10° 150 km
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1 j

Figure 1. Sketched geological map of Cameroon (adapted from [101]). Oubanguide Complex: NCSG:
Northern Cameroon SGp (PG: Poli Group, AG: Adamawa Group, WCG: West Cameroon Group);
SCSG: Southern Cameroon SGp (YG: Yaoundé Group, LG: Lom Group, SG: Sanaga Group); SEC-
SGp: Southeastern Cameroon SGp (DG: Dja, YoGroup: Yokadouma, S.O.Group: Sembe Ouesso
Group); CCSZ: Centre Cameroon shear zone; SSZ: Sanaga shear zone; Sedimentary cover: (CLG:
Chad Lake Group; BG: Benue Group; MG: Manfe Group; DG: Douala Group); B: Cameroon

main lithostructural units).
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Figure 2. Sketched geologic map of the Mamfe Basin locating the study area and rocks from [38].

Basement rocks around the Mamfe Basin consist of gneisses, migmatites, granites,
syenites, and mica schists (Figure 2) that recorded ductile and brittle cataclastic tectono-
magmatic/metamorphic events [5,6,36-38,106]. The dominant strike direction for foliated
rocks is E-W with occasional swings to the N and S [36,37,106]. Most gneisses belong to
the Central African Mobile Zone or Cameroon Mobile Belt [37]. A recent study of the
Otu granitic pegmatite (very coarse-grained to inequigranular) and Babi mica schist (slaty
to weakly foliated and lepido-grano-porphyroblastic) show that they are, respectively,
composed of: (1) microcline, orthoclase, mono to polycrystalline quartz, biotite, and
clinopyroxene and (2) muscovite, biotite, and mono to polycrystalline quartz [5,38]. The
obtained U-Pb zircon ages (ca. 490-653 Ma, close to those of most intrusive rocks within
the Cameroon Mobile Belt) for the Otu granitic pegmatite dated to an Early Precambrian to
Cambrian emplacement with progressive cooling of the source magma [5]. For [5], the Babi
mica schist, with the variable U-Pb zircon ages (ca. 529-2019 Ma), was probably formed
(during Calymmian period) from the metamorphic transformation of Paleoproterozoic
clastic sediments sourced from magmatic rocks that were later affected by the PanAfrican
tectono-metamorphic events. U-Pb zircon geochronology of arc-like and I-type granitoid
outcropping in Nkogho in the south of this basin yielded an age range of 988 to 108 Ma,
showing that this rock was formed during the Cryogenian to Ediacaran times and was later



Minerals 2021, 11, 943

7 of 32

affected by post-Ediacaran-Cambrian to Albian magmatic events [6]. These Aptian-Albian
ages probably date the opening of the Mamfe Basin [6].

The Mamfe Basin was essentially filled with continental clastic sediments (conglom-
erates, sandstones, arkoses, marlstones, siltstones, mudstones, and shales) with local
limestones and evaporitic deposits [36,37,106-115]. Part of these rocks (mainly shales)
enclose organic matter with some petroleum potential [114,116]. In the west, these Mamfe
Basin rocks are locally overlain by Cenozoic to Paleoproterozoic sourced corundum-bearing
placers [21,22,38,117,118]. Sedimentary rocks in the basin are locally cut by syenitic intru-
sions and doleritic dykes, or are overlain by trachytic and basaltic flows, and all are assumed
to be Neogene in age [36,38,119,120]. Basaltic exposures that partly overlie sedimentary and
basement rocks in the west and south of the basin include basanites, picro-basalts, alkali
basalts, and tholeiitic basalts [38,119]. Undated phonolites, tephri-phonolites, trachytes,
and basanites are found at Mount Nda Ali in the southeastern end of the basin [120]. In
this area, those extrusive rocks overlie undated gabbros, diorites, monzonites, and syenites
of alkaline affinity [120].

Data describing the zircon’s source rocks are from earlier research [36-38]. The zircon
crystals in this study are from two gneiss outcroppings in Araru and migmatite found
in Mboifong in the southwestern part of the Mamfe Basin. Those in Araru are from
black to whitish gneiss (AR1 zircons were sampled) and whitish-grey gneiss (AR2 zircons
were sampled). Black to whitish gneiss locally outcrops as fragments in the west and
northwestern part of Araru. Some of those fragments are cross-cut by quartzofeldspathic
veinlets; large outcrops are rare. The black to whitish gneiss is made up of large amphibole-
pyroxene-bearing bands and large to thin felsic quartz, pink feldspar, and plagioclase-
bearing bands [36]. In the central part of Araru, whitish-grey gneiss outcrops occur. A
4 m (length) quartz-rich vein and medium-grained whitish-yellow rock separate the black
to whitish gneiss and whitish-grey gneiss in the SW of Araru. Whitish-grey gneiss is
composed of feldspar-rich large felsic bands (with microcline, plagioclase, and fractured
and polycrystalline quartz) and thin biotite, orthopyroxene, and/or amphibole bearing grey
bands [38]. The migmatite outcrop is found in the west of Mboifong. This rock is banded,
faulted and folded. The faults and folds are filled with quartz-rich and quartzofeldspathic
rocks [38]. Some outcrops are locally cross-cut by NNE-SSW, WNW-ESE, and NE-SW
quartzofeldspathic veins and veinlets. Part of the veins and veinlets are faulted [38]. The
faults show two directions (NNE-SSW and NE-SW) and cross-cut S-N bands. The felsic
bands in this rock are mainly composed of quartz and feldspar, whereas the mafic bands
enclose biotite, amphibole, and/or pyroxene [36,37].

4. Materials and Methods

Sample preparation and analytical procedures are the same as previously presented [6].
Heavy mineral concentrates with the studied zircon crystals were separated and pre-
concentrated at the Department of Earth Sciences (University of Yaoundé I, Yaoundé,
Cameroon). They are from the crushed samples of the Araru black to whitish gneiss (AR1
zircons were sampled), Araru whitish-grey (AR2 zircons were sampled), and Mboifong
migmatite. Twenty kilograms of fragments from each rock type were milled at the ALS
mineral division laboratory in Mvan (Yaoundé, Cameroon). Before milling, precautions
were taken to avoid any contamination. Samples were cleaned, chipped (to reduce grain
size), crushed, and milled (at 1 mm grain size). Milled samples were regularly washed and
panned for obtaining heavy mineral concentrates, which were later dried in an oven (for
24 h, at 50 °C). Dried concentrates were sent to China for zircon separation, mounting, and
BSE-CL imaging. Before mounting and BSE-CL imaging, zircon crystals were handpicked
under a binocular microscope (ZEISS Stemi 2000-C), mounted with epoxy resin on a glass
slide, and polished with abrasive to a standard thickness of 30 um at the China University
of Geosciences, Wuhan, China.

Zircon’s SEM-CL images were obtained by exposing mounted-polished crystals to
cathodoluminescence imaging equipment at the Northwest University in Xi'an, China. The
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procedure used to acquire zircon’s morphological features and internal texture is similar to
that described earlier [31]. Images were taken using a CL detector attached to a scanning
electron microscope (SEM-CL). The SEM-CL supported SEM backscattered electron (BSE)
imaging. The obtained SEM-CL imaging was used to classify zircon based on features
presented in [19,31].

The procedure used for U-Pb zircon dating followed the accepted procedure at CUG
Wuhan [121]. The polished slabs were analyzed using a modern 193 nm ArF excimer
laser ablation (LA) and quadrupole-inductively coupled plasma-mass spectrometry (Q-
ICP-MS) instrumentation. Data on Th, U, and Pb abundance and U-Pb age were obtained
from craters (33 um of diameter and <20 pum of depth) targeted in the core and rim of
each zircon crystal and any oscillatory zones (Figures 3-5). They were obtained by com-
bining enhanced ICP-MS sensitivity, fast and efficient sample cells, and sophisticated
software controls, modern 193 nm ArF excimer LA-ICPMS systems. As in [121], the ab-
lation conditions were typically matched with an ICP-MS time-resolved analyse (TRA)
method that takes advantage of the very fast peak-hopping capabilities of the quadrupole
mass filter. For U-Pb geochronology, the dwell times (measured in ms) are typically
207pp > 206Ph > 208Ph > 232 Th > 238U, This order reflects (1) the diminishing abundance of
Pb isotopes; (2) the need to ensure that the ?%“Pb/2%Pb ratio has the highest precision and;
(3) the higher absolute concentration and ion transmission through the ICP-MS of U and
Th. Dwell times are typically 10-20 ms for 2%®Pb, 232Th, and ?*¥U and somewhat longer
dwell times of 2°°Pb, 207Pb, and 2**Pb 30-80 ms for (if the latter is even analyzed). The goal
of this setup was to ensure that a single sweep of the quadrupole was almost instantaneous,
that a large number of measurements per second were obtained, and that a sufficient
number of ions were counted for each mass (see, for example, [122]). Adding up individ-
ual dwell times plus quadrupole settling time (<1 ms) typically yielded total integration
times = 0.25 s so that a 35-s ablation would yield ~140 independent measurements of
207pp /206pp, 206Pp, /2381, and 208Pb /232Th (2% Pb /2% U is calculated offline using the natu-
ral abundance of 23U /23U = 1/137.88). Using this approach allows ArF excimer LA-ICP-
MS to achieve short-term precision, expressed as the relative standard deviation (%RSD)
for the raw 297Pb /206pp, 206Pp /238 and 207Pb /235U in the range of 0.5 to 3.5%. The
data were corrected for instrument drift and processed with Iolite™ and VizualAge™,
which helps refine the standard time integrations to achieve the most coherent population.
The precision for 27Pb/?%Pb was optimized by using the longest dwell times for 2%’Pb
(75 ms) and 2%°Pb (30 ms), thereby ensuring that error ellipses on a conventional Concordia
diagram have positive error correlations and were plotted using Isoplot [123].

5. Results

Grain size, morphology, internal texture, U-Th-Pb concentrations, and U-Pb ages
for zircon crystals from black to whitish gneiss (AR1), whitish-grey gneiss (AR2), and
Mboifong migmatite (MBF) are presented separately. U-Pb zircon ages for Otu granitic
pegmatite, Babi mica schist, and Nkogho anatectic granite, previously published [5,6],
are updated.

5.1. Zircon Grain Size, Morphology, and Internal Texture for Araru Gneisses and
Mbiofong Migmatite
5.1.1. Zircon Crystals from Black to Whitish Gneiss

The grain size for zircon crystals from black to whitish gneiss (Figure 3) ranges from
50 to 300 um, with most of their sizes >100 um. The crystals are dominantly euhedral
prismatic and prismatic and/or pyramidal to dipyramidal with truncated terminal faces.
Some crystals are equant; very few are subrounded, pitted, flat, twinned, or show a
subrounded or dipyramidal core. Minor crystals host cracks or are fragments. Texturally,
they mainly exhibit growth zoning. Few crystals are unzoned, or show complex zoning
(such as faint-broad, convolute, sector, or bulbous replacement zoning), or show core and
rim differences, based on [31] classification.
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Figure 3. BSE-CL images showing internal texture of zircon crystals with analyzed spots (from Araru black to

whitish gneiss).

5.1.2. Zircon Crystals from Whitish-Grey Gneiss

Zircon crystals from whitish-grey gneiss (AR2) are dominantly greater than 100 pm
(Figure 4). They form full or crystal fragments. They are mainly euhedral with very few
subhedral, anhedral, or subrounded grains. Crystal fragments show almost conchoidal
fracture. These zircon fragments may be grains fractured during post emplacement tecton-
ism. Euhedral crystals are prismatic and pyramidal to dipyramidal, with few subrounded
cores. Anhedral grains totally lack prismatic faces and are subrounded. Euhedral and
subhedral crystals are zoned, pitted, or show a core and rim difference with newly grown
domains. Few show patchy zoning, complex zoning, or are unzoned but lack a pronounced
growth zoning and faint and broad zoning. Few crystals show a subrounded dark core
surrounded with developed prismatic and dipyramidal bright and dark zones; others show
a magmatically resorbed feature, local recrystallization, and convolute zoning similar to
features previously presented [31].
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Figure 4. BSE-CL images showing internal texture of zircon crystals with analyzed spots (from Araru
whitish-grey gneiss).

5.1.3. Zircon Crystals from Mboifong Migmatite

Zircon crystals from Mboifong migmatite are dominantly greater than 100 pm (Figure 5).
They are mainly euhedral, forming long and short prisms, with part of the crystals being
pyramidal and/or dipyramidal. Few zircons show twinning or are anhedral or subrounded.
Most crystals show core and rim differences with a new overgrowth zone. Part of the
zircon’s core is rounded, subrounded, prismatic or zoned (features similar to those of
xenocrystic cores presented in [31]). The studied zircons show complex growth zoning,
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patchy zoning, local recrystallization, and recrystallization at crystal terminations (close
to feature for zircons from high-grade metamorphic rocks presented in [31]), convolute
zoning or are unzoned.
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Figure 5. BSE-CL images showing internal texture of zircon crystals with analyzed spots (from
Mboifong migmatite).

5.2. Zircon U-Th-Pb and U-Pb Age for Araru Gneisses and Mbiofong Migmatite

The U, Th, and Pb contents and U-Pb ages in the core of the zircon crystals from black
to whitish gneiss (Table 2), and at C and R spots in zircons from whitish-grey banded
gneiss, and those from Mboifong migmatite are variable (Tables 3 and 4).

5.2.1. Zircon Crystals from Black to Whitish Gneiss

The U contents in the core of zircon crystals from black to whitish gneiss range from
42 to 131 ppm (Table 2). The Th and Pb contents vary from 41 t0189 ppm and 19 to 82
ppm, respectively (Table 2). The calculated Th/U ratios, varying from 0.93 to 1.50, are
within the range limit in magmatic zircons presented in [5,35,124]. The 2%Pb /233U and
207Pb /235U ages (Table 2 and Figure 6a) range from 875 & 15 to 975 & 15 Ma, and 891 + 15
to 983 £ 10 Ma, respectively. These ages date Early Neoproterozoic (Tonian) crystallization
features.

5.2.2. Zircon Crystals from Whitish-Grey Gneiss

The U contents at spot C on zircon crystals from whitish-grey gneiss range from 79
to 2610 ppm. The Th and Pb contents vary from 3.8 to 138 ppm and 5.9 to 64.6 ppm,
respectively. The calculated Th/U ratios vary from 0.005 to 0.890, with most values being
within the range of metamorphic zircons presented in [11]. The 2%Pb/2*U and 2%”Pb/?*U
ages (Table 3 and Figure 6b) range from 333.5 £ 9.6 to 999.8 & 14.0 Ma, and, 334.2 & 8.8 Ma
to 996 £ 11 Ma, respectively. These ages date Early Neoproterozoic (Tonian), Mid Neopro-
terozoic (Cryogenian), Late Neoproterozoic (Ediacaran), and Early Carboniferous (Visian)
crystallization episodes. The U contents at spots R on zircon crystals from whitish-grey
gneiss range from 8.7 to 1690 ppm. The Th and Pb contents vary from 0.04 to 290 ppm and
0.06 to 134.2 ppm. The calculated Th/U ratios vary from 0.007 to 2.15, with most values
being below 0.03. The obtained 2°°Pb/?*¥U and 2%’Pb/?%U ages (Table 3 and Figure 6b)
range from 212 £ 11 Ma to 1006 £ 14 Ma and 213 £ 14 Ma to 1005 =+ 9.1 Ma. These ages
date from the Late Mesoproterozoic to the Early Neoproterozoic, Mid Neoproterozoic
(Cryogenian), Late Neoproterozoic (Ediacaran), and Late Triassic events.
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Table 2. Trace element and U-Pb isotopic results (zircon from Araru black to whitish gneiss) with C in the spotted area.

Ages (Ma) Atomic Ratios (%) Concentrations (ppm)
Crystal and Spot Number Analysis No.

206pb/238U Prop_2SE 207pb/35U Prop_2SE 206Pb/238U Prop_2SE 207Pb/235U Prop_2SE 207Pb/2%Pb Prop_2SE 208Pb/232Th Prop_2SE U Th Pb Th/U
AR1-7-C Output_1_19 959 14 958 12 0.1611 0.0024 1.62 0.052 0.0725 0.002 0.051 0.0018 772 72.3 35.4 0.9365
AR1-6-C Output_1_17 951.3 14 935 16 0.1604 0.0025 1.739 0.056 0.0783 0.0026 0.055 0.0023 42.62 41.7 22.6 0.9784
AR1-5-C Output_1_16 941.7 14 939 11 0.1577 0.0023 1.542 0.032 0.0705 0.0014 0.048 0.0015 83.2 114 50.8 1.3701
AR1-4-C Output_1_15 968.7 13 983 10 0.1627 0.0023 1.654 0.026 0.0741 0.0012 0.049 0.0014 101.7 151 73.2 1.4847
AR1-3-C Output_1_14 875.6 15 891 15 0.147 0.0024 1.588 0.026 0.078 0.0013 0.046 0.0014 130.6 189 81.1 1.4471
AR1-2-C Output_1_13 975.7 15 971 13 0.1638 0.0024 1.638 0.039 0.0721 0.0017 0.048 0.0016 59.6 60.9 27.3 1.0218
AR1-1-C Output_1_12 901.4 14 901 13 0.1505 0.0025 1.489 0.045 0.0711 0.002 0.047 0.0018 43.71 42.79 19.27 0.9789

Prop_2SE. Propagated 2 standard errors.
Table 3. Trace element and U-Pb isotopic results (zircon from Araru whitish-grey gneiss) with C and R in the spotted areas.
Ages (Ma) Atomic Ratios (%) Concentrations (ppm)
Crystal and Spot Number Analysis No.

206pb/28U Prop_2SE 207pb/>5U Prop_2SE 206Pb/238U Prop_2SE 207Pb/235U Prop_2SE 207Pb/2%Pb Prop_2SE 208Pb/232Th Prop_2SE U Th Pb Th/U
AR2-7-R Output_1_34 740 20 685 25 0.131 0.0032 2.033 0.051 0.114 0.0027 0.053 0.002 134.2 289.8 134.2 2.1594
AR2-6-R Output_1_32 498.2 9.6 515.3 7.8 0.082 0.0017 0.806 0.028 0.072 0.0016 0.108 0.024 3210 96.9 86.2 0.0302
AR2-6-C Output_1_33 544 8.7 571 6.3 0.088 0.0014 0.776 0.013 0.064 0.0007 0.14 0.024 2610 264 30.1 0.0101
AR2-5-C Output_1_29 999.8 14 996 11 0.168 0.0023 1.708 0.027 0.074 0.0012 0.053 0.002 152.2 138 64.6 0.9067
AR2-5-R1 Output_1_31 1006 14 1005 9.1 0.169 0.0024 1.681 0.028 0.072 0.0011 0.053 0.002 119.3 102.7 49 0.8608

AR2-5-R2 Output_1_30 670 20 674 19 0.11 0.0035 0.967 0.12 0.065 0.0066 0.04 0.49 8.78 0.0044 0.063 0.005
AR2-4-R1 Output_1_26 553.8 9.8 547 10 0.09 0.0016 0.752 0.075 0.061 0.0045 0.028 0.001 79.5 120.3 33.9 1.5132

AR2-4-C Output_1_28 579 9.5 573 13 0.097 0.0024 1.005 0.19 0.075 0.011 0.034 0.003 91.6 80.7 23.9 0.881

AR2-3-R Output_1_24 212.8 11 213.6 14 0.035 0.0039 0.463 0.29 0.095 0.012 0.46 0.4 1690 11.79 56 0.007
AR2-3-C Output_1_25 333.5 9.6 334.2 8.8 0.056 0.0016 0.688 0.018 0.09 0.002 0.362 0.021 315.5 3.84 13.37 0.0122
AR2-2-C Output_1_22 615.1 8.4 616.6 5.1 0.1 0.0014 0.836 0.008 0.061 0.001 0.034 0.007 728 18.05 5.98 0.0248
AR2-2-R Output_1_23 605.9 8.3 611.4 6.1 0.099 0.0014 0.833 0.013 0.062 0.001 0.05 0.005 296 6.1 292 0.0206
AR2-1C Output_1_20 611 7.6 617.3 34 0.099 0.0013 0.839 0.006 0.061 0.0005 0.033 0.002 843 229 7.08 0.0272
AR2-1R Output_1_21 606.8 7.6 609.1 4.6 0.099 0.0013 0.824 0.008 0.06 0.0005 0.031 0.002 890 25.42 7.44 0.0286

Prop_2SE. Propagated 2 standard errors.
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Table 4. Trace element and U-Pb isotopic results (zircon from Mboifong migmatite) with C and R in the spotted areas.

Ages (Ma) Atomic Ratios (%) Concentrations (ppm)
Crystal and Spot Number Analysis No.

206ph/38U  Prop_2SE  27Pb/B5U  Prop_2SE  2°Pb/38U  Prop_2SE  27Pb/®°U  Prop_2SE  2Pb/*Pb Prop_2SE  208Pb/232Th Prop_2SE U Th Pb  Th/U

MBEFR-1 Output_1_48 673.1 5.7 670.2 11 0.110 0.0010 0.935 0.022 0.062 0.0013 0.034 0.0008 2462 1324 408  0.538
MBF1-C Output_1_32 747.6 9.3 742.3 13 0.123 0.0016 1.079 0.026 0.064 0.0013 0.037 0.0007 2279 2251 805 0988
MBF1-R1 Output_1_33 741.8 7.6 750 13 0.122 0.0013 1.091 0.026 0.065 0.0014 0.037 0.0008 1684 1436 525 0.853
MBF1-R2 Output_1_31 712 8.8 735 16 0.117 0.0015 1.061 0.032 0.067 0.0019 0.035 0.001 138.7 103 36.9 0.743
MBE2-C Output_1_35 975.9 8.5 982 17 0.164 0.0015 1.631 0.043 0.073 0.0017 0.048 0.0015 1173 82 386  0.699
MBF2-C-2 Output_1_36 1029.7 9.3 1022.5 15 0.173 0.0017 1.741 0.041 0.073 0.0015 0.049 0.0011 1373 889 416  0.647
MBEF2-R1 Output_1_34 1068 15 1040 18 0.180 0.0028 1.787 0.049 0.072 0.0017 0.056 0.0015 1304 695 388  0.533
MBF3-C Output_1_37 721.4 57 732.4 12 0.118 0.0010 1.062 0.026 0.065 0.0014 0.037 0.0008 333 132.8 467  0.399
MBF3-R1 Output_1_39 718.9 79 724.6 12 0.118 0.0014 1.039 0.024 0.0641 0.0013 0.036 0.0008 385 172 61.3 0.447
MBEF3-R2 Output_1_38 722.7 7.3 737.6 13 0.119 0.0013 1.074 0.029 0.066 0.0015 0.037 0.0012 394 173 591  0.439
MBF4-C Output_1_41 686.4 9.4 680 15 0.112 0.0016 0.946 0.029 0.061 0.0016 0.034 0.0012 106.4 867 258  0.815
MBF4-R2 Output_1_40 701.1 5.6 683.3 12 0.115 0.0010 0.96 0.023 0.061 0.0013 0.032 0.0006 365 229 68 0.627
MBF4R1 Output_1_43 636 8.1 629 14 0.104 0.0014 0.86 0.026 0.060 0.0016 0.030 0.0007 1199 139.1 38.8 1.160
MBF5-C Output_1_44 748 13 716 15 0.123 0.0024 1.028 0.029 0.061 0.0011 0.035 0.0008 940 332 1006 0.353
MBF5R1 Output_1_45 711 7.2 692.4 12 0.117 0.0012 0.976 0.023 0.062 0.0012 0.034 0.0008 235 1433 459  0.610
MBF5R2 Output_1_46 654 15 642 14 0.107 0.0026 0.886 0.027 0.061 0.0012 0.047 0.0043 780 261 111  0.033
MBF6-C Output_1_47 659.5 4.3 656,5 11 0.108 0.0007 0.909 0.021 0.061 0.0012 0.033 0.0008 255 114.7 3457 0.450
MBE7-C Output_1_49 632.1 10 625 12 0.103 0.0017 0.851 0.023 0.060 0.0013 0.049 0.0062 273.6 447 217 0.016
MBF7-R1 Output_1_51 685 12 677 18 0.112 0.002 0.955 0.035 0.061 0.0017 0.25 0.12 1028 0275 0.29 0.003
MBEF7-R2 Output_1_50 843.8 10 842 21 0.140 0.0018 1.302 0.046 0.068 0.0021 0.040 0.0012 713 646 2419 0.906
MBF8-C Output_1_52 672.5 5 661,3 10 0.110 0.0008 0.917 0.02 0.061 0.0012 0.032 0.0005 463 398 1186 0.860
MBEF8-R1 Output_1_53 661.4 4.6 660 11 0.108 0.0008 0.916 0.02 0.062 0.0012 0.032 0.0006 406 422 124.8 1.039
MBF8-R2 Output_1_54 623.5 5 624.6 9.7 0.102 0.0009 0.850 0.018 0.061 0.0011 0.031 0.0005 971 914 2659 0.941
MBF9-C Output_1_55 871.7 6.3 877.4 14 0.145 0.0011 1.375 0.032 0.069 0.0014 0.044 0.0011 1772 772 30.9 0.436
MBF9-M Output_1_56 936.7 9.9 915 16 0.156 0.0018 1.46 0.039 0.067 0.0018 0.048 0.0018 842 378 17.62 0.449
MBF9-R Output_1_57 781 23 787 20 0.129 0.004 1.17 0.043 0.066 0.0015 0.065 0.0085 225 272 1337 0.121
MBF10-C Output_1_58 756.1 9.9 763.9 13 0.124 0.0017 1.124 0.027 0.066 0.0012 0.039 0.0007 652 274 95.6  0.420
MBF10-R1 Output_1_59 830.9 72 871 15 0.138 0.0013 1.359 0.035 0.072 0.0017 0.048 0.0012 255.8 1246 54.8 0.487
MBF10-R2 Output_1_60 849.3 84 828.1 13 0.141 0.0015 1.263 0.03 0.066 0.0013 0.044 0.0009 3228 252 1031 0.781
MBF11-C Output_1_61 832.1 9.1 829.4 13 0.138 0.0017 1.263 0.03 0.067 0.0014 0.043 0.0009 241 1512 603  0.627
MBF11-R2 Output_1_62 830.5 8.6 8237 14 0.137 0.0015 1.252 0.031 0.066 0.0014 0.043 0.001 1822 101 396  0.554
MBF12-C Output_1_63 667 6.7 663 14 0.109 0.0012 0.924 0.027 0.062 0.0016 0.034 0.0011 1339 78.8 2416 0.588
MBF12-R Output_1_64 637.4 5.5 639.4 11 0.104 0.0009 0.878 0.021 0.061 0.0013 0.032 0.0007 240 1473 448 0.614

Prop_2SE. Propagated 2 standard errors.
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5.2.3. Zircon Crystals from Mboifong Migmatite

The U contents at spot C on zircon crystals from Mboifong migmatite range from
106 to 940 ppm (Table 4). The Th and Pb contents vary from 4 to 332 ppm and 2 to 101 ppm,
respectively. The calculated Th/U ratios vary from 0.016 to 0.99, with the lowest value
found in MBF7-C and most values being greater than 0.3. The 2°°Pb /233U and 2’Pb/?*°U
ages (Table 4 and Figure 6¢) range 632 & 10 Ma to 1030 4 9.3 Ma, and 625 &+ 25 to
1022 + 15 Ma, respectively. These ages predominantly date Mid Neoproterozoic (Cryo-
genian) episodes with few spots showing Late Neoproterozoic (Ediacaran), Early Neo-
proterozoic (Tonian), or Late Mesoproterozoic period. The U contents at spot R on zir-
con crystals from the same rock range from 84 to 971 ppm. The Th and Pb contents
vary from 0.2 to 914 ppm and 0.2 to 266 ppm, respectively. The calculated Th/U ratios
vary from 0.003 to 1.16, with most values being greater than 0.4. The 2%Pb/?*¥U and
207Pb /235U ages range from 623 = 5 Ma to 1068 + 15 Ma, and 624 £ 9.7 Ma to 1040 =+ 18 Ma.
These ages predominantly date the Mid Neoproterozoic (Cryogenian) episode, with few
spots showing Late Neoproterozoic (Ediacaran), Early Neoproterozoic (Tonian), and Late
Mesoproterozoic periods.
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Figure 6. U-Pb zircon concordia plot and age determination for (a) Araru black to whitish gneiss; (b) from Araru whitish-grey
gneiss, and (c) from Mboifong migmatite.

5.3. U-Pb Zircon Age for Otu Granitic Pegmatite

The U-Pb zircon ages for Otu granitic pegmatite are updated data, previously pub-
lished in [5] (Figure 7a). The obtained 2°°Pb /233U and 2”Pb/?3°U ages in the core of zircon
crystals from this rock vary from 537 & 8.6 to 639 & 25 Ma and 546 + 7.2 to 653 4= 29 Ma,
respectively. These ages date Mid Neoproterozoic (Cryogenian), Late Neoproterozoic, and
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Early Cambrian crystallization events. Those obtained rim ages for the same crystals vary
from 506 + 11 to 589 £ 11 Ma and 490 £ 13 to 574 +£ 11 Ma, respectively. These ages are
dated as Late Neoproterozoic and Early to Late Cambrian events.
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Figure 7. U-Pb zircon concordia plot and age determination for (a) Otu granitic pegmatite and
(b) Babi mica schist (modified from [5]).

5.4. U-Pb Zircon Age for Babi Mica Schist

The U-Pb zircon ages for Babi mica schist are updated from previously published
data [5] (Figure 7b). The obtained 2%°Pb /233U and 2”Pb /23U ages in the core of zircon crys-
tals from this rock vary from 562 & 12 to 2019 + 30 Ma and 544 & 13 Ma to 2008 4 18 Ma,
respectively. These ages date Mid to Late Paleoproterozoic and Late Neoproterozoic crys-
tallization events. The rim ages for the zircons range from 543 £ 12 to 1919 + 36 Ma and
526 4 12 to 1954 & 20 Ma. They date Mid Paleoproterozoic (Ordovician), Late Mesopro-
terozoic to Early Neoproterozoic, and Late Neoproterozoic to Early Cambrian events.

5.5. U-Pb Zircon Ages for Nkogho I-Type Anatectic Granite

The U-Pb zircon ages for Nkogho anatectic granite are updated from data published
in [6] (Figure 8). The obtained 2%°Pb /23U and 2%”Pb /23U ages in the core of zircon crystals
from this rock vary from 122 + 7.0 to 989 + 19 Ma and 115 & 6 to 983 £ 54 Ma. These
ages date Early Neoproterozoic, Mid Neoproterozoic, Late Neoproterozoic, Late Cambrian,
Middle Ordovician, and Aptian crystallizations with the predominance of zircon crystals
crystallized during Late Neoproterozoic (Ediacaran) times. The obtained ages for other
spots and rims range from 112 &+ 2.6 to 620.6 &= 9.9 Ma and 108 & 1.7 to 632.4 £+ 7.1 Ma,
respectively. These ages date Late Neoproterozoic, Late Cambrian, Mid Ordovician, Mid to
Late Devonian, Carboniferous, and Albian events.
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Figure 8. U-Pb zircon concordia plot and age determination for Nkogho I-type anatectic granite (modified from [5]).

6. Discussion

The obtained morphological, internal texture, U-Th-Pb composition, and U-Pb age
data for zircon crystals from Araru black to whitish gneiss, Araru whitish-grey gneiss, and
Mboifong migmatite are distinctively used to characterize and elucidate the formation
conditions of each crystal. These data are used to reconstitute pre- to-post formation
histories recorded by their host rock. For a local and regional reconstitution, the obtained
U-Pb ages are coupled with those published for other basement rocks outcropping in the
Mamfe Basin, which were updated in this manuscript. They are at the end compared to
those of basement rocks in SE Nigeria and in the NE part of Brazil for correlation and a
large-scale regional reconstitution.

6.1. Characteristics and Crystallization History of the Zircons from the Araru Gneisses and
Mboifong Migmatite
6.1.1. Zircon Crystals from Black to Whitish Gneiss

Zircon crystals from black to whitish gneiss (Figure 3) show morphological, textural,
U-Th-Pb compositional, and U-Pb age differences, with the most pronounced being that of
U-Th-Pb abundance. These differences may reflect their crystallization history, thus finger-
printing these events. The grain size is dominantly greater than 100 um; the crystal shape
is dominantly euhedral (prismatic, pyramidal to dipyramidal), and few crystals are equant.
These features are likely those of igneous zircons, as previously described [5,6,19,31,124].
Equant zircons could be crystals formed in deep-seated, slowly cooled intrusions, as this
zircon type is common in these types of rocks (cf. [31]). The igneous nature of those zircons
is supported texturally, as they show the predominance of growth zoning, classified as
crustal magmatic features related to differentiation (cf. [31]). Part of the zircon encloses a
xenocrystic core (xenocrystic zircons), which characterize features of zircons in magmatic
or high-grade metamorphic rocks. Few crystals show a disrupted concentric oscillatory
zoning, representing a recrystallizing feature that modified the magmatic zircons during
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late- and post-magmatic cooling (cf. [31]); this probably occurred in deep-seated settings
(e.g., [30,125]). The presence of a bulbous replacement, and few microcracks in some
zircons, seem to show medium- to high-temperature metamorphism (cf. [126]) or features
formed during post-emplacement tectonic fracturing. Zircon fragments within the zircon
population are slightly broken crystals from post-emplacement tectonic fracturing. The
sub-rounding of very few grains may be of metamorphic origin.

The U, Th, and Pb contents and Th/U ratios, which were used to characterize zircon
crystals and understand their crystallization conditions (e.g., [19,31,32,34,35,124,127]) in
zircons, are heterogeneous; this could reflect another phase of crystallization. The U
(42-131 ppm), Th (41-189 ppm), and Pb (19-82 ppm) contents show considerable variation
due to their formation environment. The U and Th contents, in particular, are largely above
the value of mantle zircons (U < 30 ppm and Th < 10 ppm) [127,128]. This suggests a crustal
origin for those zircons. The Th/U ratios (0.93-1.49) are within the values pointing to a
magmatic origin of these zircons (>0.4 and >1.0), similar to earlier research [19,34,35]; they
can, therefore, be classified as crustal magmatic zircons. The Th/U ratios are greater than
the average values (0.4 in granitic zircon [129]) and (1.0 in felsic magmatic zircons [128]).

The heterogeneous core U-Pb ages (2%Pb /238U 875 + 14 to 976 +15 Ma and 2%/Pb /235U
891 £ 15 to 971 £ 13 Ma) date to Early Neoproterozoic (Tonian) crystallization events. This
shows that the studied zircons were crystallized at different times during the Early Neo-
proterozoic period, representing zircon crystals crystallized from a crustal felsic granitic
magma during Early Neoproterozoic times. Part of these ages are close to Early Neopro-
terozoic age (933 and 954 Ma) for xenocrystic zircons found in Nkogho anatectic granite [6]
and dating inheritance. They could also date Early Neoproterozoic inheritance, as most of
the ages were obtained in the analyzed xenocrystic cores. Overgrowth domains were not
dated, so it was not possible to evaluate recorded post crystallization events.

6.1.2. Zircon Crystals from Whitish-Grey Gneiss

The whitish-grey gneiss grain sizes analyzed were greater than 100 um. The crystals
show different shapes that may characterize a variety of environments of crystalliza-
tion and other disturbance events. Some crystals show features of magmatic crystal-
lization (xenocrystic core, unzoned and zoned prismatic, and pyramidal to dipyramidal
zircons) and metamorphic zircons (subrounded soccer ball-shape) similar to those de-
scribed earlier [5,19,31]. Part of the study reveals zircons exhibiting post-crystallization
features (preserved core surrounded by newly growth domains, local recrystallization, and
convolute zoning) which for [31,130] can represent progressive magmatic events or post
emplacement metamorphism.

The U, Th, and Pb contents and Th/U ratios show an extreme variation from one spot
to another in the same zircon crystal, with some spots enclosing relatively high contents of
those elements. This variation is found in both core and growth domains and led to the
distinction of three groups of spots (1) spots with relatively high U-Th contents; (2) spots
with relatively high U contents and low Th content; and (3) spots showing relatively low
U-Th contents. The high U-Th contents in some spots can relate to their crystallization (for
cores), or growth (growth domains) in U-Th enriched melts with favorable conditions for
Zr to be substituted by U and Th. The relatively high U contents and low Th, in group
two, can be approached in two ways (1) the spotted area crystallized or grew in a setting
enriched in U, although Th-depleted; and (2) the spotted area crystallized or grew in an
environment enriched in U and Th with a lack of favorable conditions to facilitate Th-Zr
substitutions. The crystallization of a Th-bearing mineral (e.g., monazite) in a cooling
melt can negatively impact the Th-Zr substitutions, as most of the Th will preferentially
associate with P to form monazite and (or) allanite, rather than substituting for Zr in
zircon (cf [19]). The relatively low U and low Th contents in group three show that the
spotted zones were lightly crystallized or grown in a U-Th depleted environment or U-Th
enriched melts with a lack of u conditions for U and Th to substitute for Zr. The Pb contents
(0.06-135 ppm and most <30 ppm) may reflect crystallization or growth in dominantly
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low Pb melts and with probably low or lack of U and Th to enrich the spotted areas with
daughter Pb. Low Pb growth zones (with very low Th contents) may be recrystallized
zones (see CL images, Figure 4), as recrystallized zones are often Th-Pb depleted [19]. The
relatively high Pb contents in some spots can be due to the presence of radiogenic Pb from
significant radioactive decay and non-radiogenic common Pb concentrations. It can also be
interpreted by the loss of Pb during recrystallization, as growth recrystallization in some
cases is combined with Pb-loss in granulite facies metamorphism (e.g., [3,131]). The U and
Th contents are largely greater than the values presented [127,128] for mantle source zircons.
They are, therefore, zircons crystallized from crustal magmas. The calculated Th/U ratios
(0.007-2.156) are based on [5,11,23,24], which show predominantly core and growth zones
with metamorphic affiliations (with Th/U ratios < 0.07) and a few crystallized magmatic
or growth areas (with Th/U ratios ranging from 0.86 to 2.16). The studied zircons are
therefore composed of (1) zircons with a magmatic or metamorphic core and (2) zircons
with magmatic or metamorphic growth zones.

The obtained zircon U-Pb ages (*°°Pb /28U 212 + 11 to 1006 +14 Ma and 2”Pb/23°U
213 £ 14 to 1005 + 9.1 Ma, Table 3) show an extreme variation that suggests different
crystallization and growth histories in Early Neoproterozoic, Mid Neoproterozoic, Late
Neoproterozoic, Early Carboniferous, and Late Triassic times. The oldest age (~1005 Ma,
with magmatic Th/U > 0.8) recorded in the core (AR2-5R1) of zircon (14) dates to an
Early Neoproterozoic (Tonian) crustal magmatic crystallization. This same zircon hosts
overgrowth zones with different ages and Th/U ratios; the magmatic AR2-5C (~999 Ma and
Th/U = 0.907) and the metamorphic AR2-5R2 (674 Ma and Th/U = 0.005). The magmatic
nature of the oldest overgrowth Early Neoproterozoic zone (close to the core age) on this
zircon shows that this zone was formed when the zircon-host melt was still magmatic,
suggesting a progressive cooling of magma. Most outer growth zones (Mid Neoproterozoic
and metamorphic in nature) show that these zones grew during Mid Neoproterozoic
times; this represents a Mid Neoproterozoic (Cryogenian) metamorphic recrystallized
feature. Another Mid Neoproterozoic age (3%6Pb /238U 740 Ma and 2%Pb /23U 685 Ma)
was obtained in zircon (24) (spot AR2-7-R). This zircon’s U (134.2 ppm), Th (289.8 ppm),
and Th/U (2.16 ppm) are within the range limit of crustal magmatic zircons [5,6,19,23],
and therefore show crystallization of a crustal magma, different to that of the Cryogenian
metamorphic recrystallization zone (AR2-5R2) found in zircon (14). Consequently, the
740 to 685 Ma zircon could be an inherited grain.

Late Neoproterozoic (*%Pb /238U 544616 Ma and 2 Pb/?*U 547-618 Ma) ages ob-
tained in part of the studied zircons show that they registered Ediacaran events of three
different periods (Early Ediacaran 605-617 Ma, Mid Ediacaran 571-579 Ma, and Late
Ediacaran 498-554 Ma). The Th/U ratios in their spotted areas are dominantly (<0.07)
compatible with values in metamorphic zircons (see [5,11,23]). They largely represent meta-
morphic zircons crystallized and recrystallized during Ediacaran times. The oldest ages
(605-617 Ma) represent Early Ediacaran syn-genetic metamorphic crystallization, as the
zircons do not show any textural variation (no xenocrystic core and growth domains). The
Mid Ediacaran age (573-579 Ma: AR2-4-C) was obtained in a zircon whose morphology, tex-
ture, U-Th compositions, and Th/U ratios show magmatic signatures; a magmatic nature of
cooling during the Mid Ediacaran time can be suggested. Late Ediacaran ages (544-554 Ma)
dominantly date recrystallized metamorphic portions in zircon (with Th/U < 0.04); this
shows that the studied zircon recorded a Late Ediacaran age. Metamorphic events were
also evident in the Early Carboniferous to Triassic time, as one analyzed metamorphic
zircon crystal showed these ages.

6.1.3. Zircon Crystals from Mboifong Migmatite

The obtained zircon U-Pb ages (**°Pb/?U 623 + 5 Ma to 1068 + 15 Ma, and
207Pp /235U 624 + 9.7 to 1040 + 18 Ma; Table 4) predominantly show Mid Neoproterozoic
time with few spots showing Early and Late Neoproterozoic, and Late Mesoprotero-
zoic times. The predominant Mid Neoproterozoic age spots and their magmatic nature
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(Th/U > 0.3, feature for magmatic zircons [6,35]) show that they were mostly formed
in magmatic melts during this period (subdivided into 830-849 Ma, 701-787 Ma, and
637-673 Ma). This can suggest a progressive crystallization in a crustal magmatic melt
during Mid Neoproterozoic time. The few Late Mesoproterozoic and Early Neoprotero-
zoic magmatic spots in the core of some crystals may show inheritance. The Th/U ratios
(0.003-0.121, a metamorphic-anatectic signature [6,11,23,32]) in few Mid to Late Neo-
proterozoic spots show that their host zircons registered Mid to Late Neoproterozoic
anatectic-metamorphic events (crystallization and recrystallization). The magmatic nature
(Th/U > 0.3) of part of the recrystallized portions may be due to their formation in magmat-
ically derived aqueous fluids, as proposed by [30,125]. The metamorphic nature of part of
the recrystallized portions suggests a Late Cryogenian recrystallization in a metamorphic
melt with a loss of Pb see [126], as this spot (MBF5R2) shows very low Pb (11.1 ppm).

6.2. Host Rocks Formation History and Registered Post-Emplacement Events with
Local Correlations

The combination of interpretations on zircon morphological and internal textural
data, U-Th, Th/U features, and U-Pb ages presented in the above paragraphs will help to
propose a formation model for the black to whitish gneiss, whitish-grey gneiss, Mboifong
migmatite, and present registered crystallization events within the local setting.

6.2.1. Araru Black to Whitish Gneiss

The plotted dates in Figure 6a point to three main concordia ages (900 Ma, Late Tonian;
940 Ma, Mid Tonian; and 980 Ma, Early Tonian). It is suggested that the formation of
the black to whitish gneiss took place progressively from Early to Late Tonian time. The
crustal magmatic nature of the dated zircons shows that the black to whitish gneiss was
formed from the crystallization of magmatic melt, probably from the partial fusion of
an igneous protolith. The zircon Th/U ratios presented in the paragraphs above show
a crustal granitic affinity, suggesting that the studied rocks were formed from a granitic
protolith and, therefore, represents a Tonian age granitic orthogneiss. This rock can be
older than other studied basement rocks (Otu granitic pegmatite, Babi mica schist, and
I-type anatectic granite), outcropping in the Mamfe Sedimentary Basin (see Table 5). The
Tonian ages are more than the Ediacaran to Cambrian ages registered by the Otu granitic
pegmatite found in the SSW of the Mamfe Basin [5]; this shows that the black to whitish
gneiss was formed earlier than the Otu granitic pegmatite. The tectonic magmatic events
source the Otu granitic pegmatite probably did not affect the black to whitish gneiss, as
no Ediacaran to Cambrian ages dating zircon core or growth zones were obtained. These
Tonian ages are also more than the youngest concordia ages (Ediacaran) recorded in the
Babi mica schist, dating the PanAfrican orogenic events [5]; this evidence indicates that the
Tonian ages of black to whitish gneiss were emplaced before this Ediacaran PanAfrican
orogeny. At this stage, it is not easy to know if the black to whitish gneiss recorded this
orogenic event, as no syngenetic Ediacaran crystallized core and overgrowth recrystallized
zone were dated. The Early-to-Mid Tonian concordia ages obtained in the black to whitish
gneiss are very close to the core and crack ages (~933 to ~989 Ma) in two xenocrystic zircons
from the Nkogho I type anatectic granite [6]. This similarity in age shows that the studied
Early-to-Mid Tonian zircons and those from the Nkogho I-type anatectic granite were
crystallized during the same period. It is not easy to confirm that these xenocryst zircons
were sorted from the black to whitish gneiss, as the Th/U ratio (<0.2) in the core of one
zircon shows more anatectic affinity, one magmatic core with Th/U ratio (1.22), and that of
the crack show closeness (see [6]).
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Table 5. Age correlations between zircons from Araru black to whitish gneiss, Araru whitish-grey gneiss, Mboifong migmatite, Otu granitic pegmatite; Babi mica schist, and Nkogho I-type
anatectic granite and Nkogho I-type anatectic granite, rocks SW Cameroon mobile belt, basement rocks in SE Nigeria, and the Borborema Province in NE Brazil.
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6.2.2. Whitish-Grey Gneiss

The plotted dates in Figure 6b point to four main concordia ages, Stenian to Tonian,
Cryogenian, Ediacaran, and Triassic. These ages could date four main geologic episodes:
the Late Stenian to Early Tonian, Cryogenian, Ediacaran, and Triassic events. The Late
Stenian to Early Tonian ages recorded in the core of a xenocrystic zircon could date inheri-
tance; therefore, it was probably not crystallization in their host rock. The morphological
feature, U-Th contents, and Th/U ratios presented in the above paragraphs show mag-
matic, clearly different from the metamorphic nature of its host rock, and support its
inheritance. These ages are slightly older than Early Tonian ages obtained for zircon crys-
tals from black to whitish gneiss (presented above) and for xenocrystic zircons from the
Nkogho I-type anatectic granite presented in [6], but slightly younger than the Stenian
age (~1050 Ma) obtained for a metamorphic affiliated zircon occurring in the Babi mica
schist (see [5]). This difference can complicate a local correlation and determination of
the source rock and area of this Late Stenian to Early Tonian age xenocrystic zircon from
the whitish-grey gneiss. It can be suggested that the studied Late Stenian to Early Tonian
age xenocrystic zircon was crystallized slightly later than the Stenian metamorphic zircon
found in Babi mica schists, but earlier than Early Tonian magmatic crystals found in black
to whitish gneiss and Nkogho I-type anatectic granite during a Late Stenian to Early Tonian
tectonic-magmatic/metamorphic event prior to the PanAfrican orogeny.

The Cryogenian ages may date the beginning of the formation of the whitish-grey
gneiss, which probably ends in Ediacaran time. These Cryogenian ages are mainly close to
those of zircon from the Nkogho I-type anatectic granite [6] (see Table 5). The magmatic
nature of Mid to Late Cryogenian zircon from Nkogho I-type anatectic granite (see [6]),
similar to that of a Mid Cryogenian zircon from the whitish-grey gneiss, show some
closeness, but it is not easy to confirm any co-genesis. It can be suggested that the formation
of the whitish-grey gneiss and Nkogho I-type anatectic granite began in Late Cryogenian
time from different protoliths (sources): (1) partial melting of a pre-existing igneous arc-like
granitic protolith for the Nkogho I-type anatectic granite (cf. [6]) and (2) metamorphic
transformation of Early Tonian to Mid Cryogenian siliciclastic-rich sediments. These two
events seem to have continued during the Mid Ediacaran. The metamorphic event source
of the whitish-grey gneiss seems to have ended earlier (at Early Ediacaran) than that of
the Nkogho I-type anatectic granite whose end-period should be Early Cambrian (cf. [6]),
close to the end of final crystallization of the Otu granitic pegmatite and the formation of
the Babi mica schist (cf. [5]).

Early Carboniferous and Triassic ages, respectively, recorded in the core and rim of a
metamorphic zircon hosted by whitish-grey gneiss show their host rock was affected by
a post-Ediacaran metamorphic event. This metamorphism is not yet mentioned in other
studied basement rocks in the Mamfe Basin, although an Early Carboniferous magmatic
age was obtained in the Nkogho I-type anatectic granite (see [6]). This closeness in age
between the whitish-grey gneiss and the Nkogho I-type anatectic granite can be interpreted
as follows; an Early Carboniferous crustal event simultaneously affected these rocks with
a syngenetic crystallization of a metamorphic zircon in the whitish-grey gneiss, and syn-
genetic recrystallization of an Early to Mid-Carboniferous magmatic and metamorphic
overgrowth zones on previously crystallized zircons. The Early Carboniferous crustal
metamorphic transformation of the whitish-grey gneiss probably continued during the
Triassic time, as this age was obtained in the rim of the same age zircon. For [37], the Mamfe
Sedimentary Basin, the NW-SE segment of the NE-SW trending Benue Trough, started to
form by rifting during the opening of the Gondwana supercontinent in the Triassic. The rift
propagated along existing lines of weakness and broadened during early Jurassic times [37].
It was suggested that the rifting in the Mamfe Basin aborted in the Upper Albian to Lower
Cenomanian [102] was due to the sub-crustal contraction and compression that led to the
westward displacement of its depositional axis. Spreading ceased in the middle Jurassic,
and as the lithosphere cooled, the shallow depression deepened [103].
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The obtained Late Triassic zircon age for the whitish-grey gneiss could date the start
of rifting and beginning of the formation of the Mamfe Basin (as presented by [37]), whose
progression was registered during the early Jurassic times (cf. [37]), during Aptian to
Albian times [6], or aborted in the Upper Albian to Lower Cenomanian [102]. This later
information is just based on their approach [37]. The presence of Devonian to Carboniferous
magmatism, anatexis, and related metamorphism recorded by zircon in the Nkogho I-type
anatectic granite [6] and Araru whitish-grey gneiss show crustal reworking during those
times and could date the start of the formation of the Mamfe Basin. It is therefore suggested
that the formation of the Mamfe Basin began much earlier (Devonian to Carboniferous)
than the Jurassic time, as proposed earlier [37].

6.2.3. Mboifong Migmatite

The plotted dates in Figure 6¢ points to four main concordia ages, Stenian (1022-1068 Ma),
Tonian (871-982 Ma), Cryogenian (637-849 Ma), and Ediacaran (623-632 Ma). These ages
could date four geologic episodes, Stenian to Tonian crystallization of the oldest zircons,
Cryogenian formation of the protolith of the Mboifong migmatite from progressive cooling
a crustal magma, and Late Cryogenian to Early Ediacaran partial fusion and metamorphism
of the igneous protolith. The Stenian ages are more than the oldest age of analyzed spots
on zircons from Araru whitish-grey gneiss, and below to greater the only Stenian age
obtained in one analyzed spot in zircons from Babi mica schist. Tonian ages of zircons from
Mboifong migmatite are also obtained mainly in zircons from Araru black to whitish gneiss
and Nkogho I-type anatectic granite, showing that those three rocks registered a magmatic
event during Tonian time. Zircons from Mboifong migmatite also show closeness in age
with Cryogenian and Early Ediacaran analyzed spots on zircons from other rocks within
the local geological setting (notably in zircons from Araru whitish-grey gneiss, Nkogho
I-type anatectic granite, and Babi mica schist). These similarities show that parts of the
zircons found in those rocks were crystallized, grew, or recrystallized at the same time.

6.3. Regional Approach with the Cameroon Mobile Belt, SE of Nigeria and NE of Brazil

The obtained and discussed data above for Araru black to whitish gneiss, Araru
whitish-grey gneiss, Mboifong migmatite, Nkogho I-type anatectic granite, Otu granitic
pegmatite, and Babi mica schist are compared with those available data for some rocks
in part of the PanAfrican domain of Western Central Cameroon, in SE Nigeria and the
Borborema Province (NE Brazil) for regional interpretation and approach on the pre-
separation of the South America and African plates.

6.3.1. Rocks of the Cameroon Mobile Belt

The Cameroon Mobile Belt or the PanAfrican Cameroon mobile belt is a mega tectono-
magmatic/metamorphic feature enclosing many plutonic massifs and metamorphic rocks
(emplaced following the extensive remobilization and granitization) during the collision
between the Sao Francisco-Congo and West African cratons and the Saharan metacraton
at 640 to 580 Ma [45,46]. Rocks in the various segments in the Cameroon Mobile Belt
(West Cameroon, Central Cameroon, and South Cameroon) show variable ages, which
make correlation difficult. Nevertheless, it is possible to attempt some correlations. In
the West Cameroon Domain, an active margin is composed of 800 to 600 Ma calc-alkaline
NE-SW granitic intrusions [52,59,134]. The Central Cameroon domain is an intermediate
continental domain and consists of PanAfrican granitoids intruding gneissic basement and
emplaced in transpressional or transtensional fault relay zones [57]. The southern domain is
made up of meta-sediments and pre- to syntectonic intrusions metamorphosed to granulite
facies [135]. The obtained U-Pb zircon ages for Araru black to whitish gneiss, Araru whitish-
grey, Mboifong migmatite, Nkogho I-type anatectic granite [6], Otu granitic pegmatite [5],
and Babi mica schists [5] are compared those of some rocks in the West Cameroon Domain,
which are close to the Mamfe Sedimentary Basin. The oldest ages are Mid Paleoproterozoic
(Orosirian: ~1810 to ~2019 Ma), dated by inherited zircons from Babi mica schist [5], which
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correspond to the Eburnean tectono-magmatic/metamorphic events [134], recorded by
~2.1 Ga gneisses in the Kekem-Fotouni shear zone area [134], and amphibolite in Eseka
(2000-2010 Ma, [135]). The Late Paleoproterozoic to Early Mesoproterozoic ages (~1418
to ~1744 Ma) enclose an inherited age in metasediment (1617 Ma) [49], some zircon core
ages (~1442 to 1743 Ma) in Dschang I-type high-K biotite granite, and (~1629 Ma) in I-type
high K magnetite granite that are suggested to form by partial melting of pre-existing
igneous Paleoproterozoic protoliths [57]. These similarities of Late Paleoproterozoic to
Early Mesoproterozoic occur in both the I-type high-K Dschang granites and the Babi
mica schist. Closeness is also visible in Early Tonian to Cambrian zircon ages found in the
I-type high-K Dschang granites, Babi mica schist, Araru black to whitish gneiss, Araru
whitish-grey gneiss, Mboifong migmatite, Nkogho I-type anatectic granite, and/or Otu
granitic pegmatite all show that zircons from those rocks registered similar events. In
contrast, post-Cambrian ages found in zircons from some rocks in the Mamfe Basin were
not obtained in the I-type high-K Dschang granites. They probably were not affected by
those events.

6.3.2. Links with Rocks in the SE Nigeria

SE Nigeria (SW border of Cameroon) is separated from Cameroon by the Benue
Trough a 1000 km NE-SW trending and 50 to 150 km wide mega tectonic, magmatic,
and sedimentary structure (Figure 9) extending from the Niger Delta Basin to Lake
Chad [87,98-100]. The youngest rocks (sedimentary, Cretaceous in age; and igneous,
Jurassic to Cenozoic) found in the SE of Nigeria [87,99,100], are associated with a Pre-
cambrian basement (named Nigerian shield or Nigeria basement complex) made up of
gneisses, phyllites, schists, amphibolites, migmatites, and granites [136-138]. Rocks in this
complex were affected by a polyphase tectono-metamorphic history, including Liberian
(2700 + 200 Ma), Eburnean (2000 £ 200 Ma), Kibarian (1100 + 200 Ma), and PanAfrican
(600 £ 150 Ma) events [43,86,132,139]. Part of these events were registered and dated by
zircons in some basement rocks in the south to southwestern part of the Mamfe Basin.
Notably, the Kibarian and PanAfrican events were fingerprinted by the Araru whitish-grey
gneiss, Mboifong migmatite, Babi mica schist, Nkogho I-type anatectic granite, and/or Otu
granitic pegmatite. The Kibarian tectonic event in the SSW of the Mamfe Basin probably
led to the formation of Araru black to whitish gneiss, and the Babi mica schist; whereas,
the PanAfrican event led to the formation of the Otu granitic pegmatite, Nkogho I-type
anatectic granite, metamorphic transformation and reworking of Babi mica schist, Araru
whitish-grey gneiss, and partial fusion and metamorphic transformation of the protolith of
Mboifong migmatite.

Early Mesoproterozoic (1418 + 18 Ma and 1598 + 13 Ma) metamorphic zircons were
found in the Babi mica schist, which is different to the Kibarian (1100 £ 200 Ma), presented
above. It can be suggested that the Kibarian metamorphism started much earlier in
Cameroon than in Nigeria. The other zircon ages available for rocks in the south to
southwestern part of the Mamfe Basin are Late (~1668 to ~1744 Ma) to Mid Paleoproterozoic
(~1810 to ~2019 Ma) found in the Babi mica schist. Although there is closeness with the
Eburnean age presented above, it is difficult to confirm that their host rock was formed
during these periods, as considered by the zircons to be inherited grains [5]. They could be
grains sorted from rocks formed during Eburnean tectono-metamorphic/magmatic events
found in a nearby or distant source (maybe in the Nigeria Basement Complex).
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Figure 9. Geological sketch map of the Benue Trough (after [88]).

The Nigeria Basement Complex in its most east to southeastern part was also affected
by post-PanAfrican crustal tectono-magmatic-sedimentary events [87,98,99], (1) the Jurassic
crustal opening; (2) Cretaceous sedimentary infilling, Albian tectonism, low-grade regional
contact metamorphism, Santonian tectonism, and low-grade regional metamorphism; and
(3) the Jurassic to Cenozoic volcanism and plutonism. The youngest obtained U-Pb zircon
ages found in Precambrian basement rocks in the south to southwestern parts of the Mamfe
Sedimentary Basin (zircon from the Araru whitish-grey gneiss, and Nkogho I-type anatectic
granite) show Ordovician to Devonian, Carboniferous to Triassic and/or Aptian to Albian.
Most ages have not yet been published on Precambrian rocks within the Nigeria Basement
Complex. Their absence can be interpreted in two ways, (1) those post-PanAfrican events
never affected the basement rocks within the Nigeria Basement Complex or (2) the post-
PanAfrican events affected the basement rocks but have not yet been reported. Evidence
was presented for Albian and Santonian tectono-magmatism and low-grade regional and
contact metamorphism on the oldest Cretaceous sediments in the southeast of the Benue
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Trough [87]. However, he never confirmed that these tectono-magmatic/metamorphic
events were fingerprinted by the Precambrian basements.

6.3.3. Links with Rocks in NE Brazil and Pre-Separation of the South American and
African Plates

The Borborema Province in NE Brazil was built in the Neoproterozoic by agglutination
of allochthonous lithospheric fragments during the Cariris Velhos (~1000-920 Ma) and
Brasiliano (~625-510 Ma) orogenies. The U-Pb zircon ages obtained for black to whitish
gneiss and whitish-grey gneiss in Araru, Mboifong migmatite, Nkogho I-type anatectic
granite, Otu granitic pegmatite, and Babi mica schist show proximity with some rocks
within the orogenic belt. The ages (1000 to 920 Ma) dating the Cariris Velhos orogeny in
the Borborema Province in NE Brazil were registered by zircon crystals from whitish-grey
gneiss with very thin bands (~999 to ~1006 Ma), black to whitish banded gneiss (~901
to ~983 Ma), Mboifong migmatite (~915 to ~1068 Ma), and Babi mica schist (~1050 Ma).
This closeness shows that the studied zircons registered the Cariris Velhos orogenic event
with the formation of the black to whitish gneiss and Babi mica schist in the Mamfe Basin.
This suggestion is possible since, in the Late Mesoproterozoic to Early Neoproterozoic,
the South American and African Plates were still in contact (see Figure 10). Very old Mid
Paleoproterozoic to Early Mesoproterozoic (~2019 to 1418 Ma) rocks dated by most zircons
exclusively in the Babi mica schist are mainly within the range limit ~1.8 to 1.5 Ma in the
Borborema Province (NE Brazil), corresponding to extensional settings with continental
rifting and anorogenic magmatism [67-69]. More studies are still needed for further
correlations. Mid Mesoproterozoic to Early Cambrian tectono-magmatic/metamorphic
events registered in the Borborema Province (NE Brazil) were dated by studied rocks in
the south to southwest Mamfe Basin. For example, (1) the Early Tonian crustal rifting with
magmatism and metamorphism (~1000-862 Ma) [61,74,76] were registered by zircons in the
oldest rocks in the south to southwest Mamfe Basin. (2) The 820-650 Ma continental drift
that followed the Early Tonian rifting and culminated with oceanic crust development [75]
was dated by zircons in Araru whitish-grey gneiss, Mboifong migmatite, Nkogho I-type
anatectic granite and Otu granitic pegmatite. (3) The 620-590 Ma collisional phase of the
Brasiliano orogeny with syn-collisional plutons [75,77,78] was dated by zircons in Araru
whitish-grey gneiss, Babi mica schist, Nkogho I-type anatectic granite, and Otu granitic
pegmatite. (4) The 590 to 510 Ma extensive shear zoning and post-collisional granitic
intrusions [75,79-81] were dated by zircons in the Araru whitish-grey, Babi mica schist,
Nkogho I-type anatectic granite, and Otu granitic pegmatite. (5) The 460 Ma felsic dykes
cross-cut by faults parallel to the main trend of the Transbrasiliano shear zone [83] were
exclusively dated by zircons in Nkogho I-type anatectic granite.

These correlations are still preliminary or subject to further investigation as more
detailed research is still needed. Much younger ages (Early to Late Devonian ~373 to
~404 Ma, Early to Mid-Carboniferous ~308 to ~336 Ma, Triassic ~214 Ma, and Early Creta-
ceous, Aptian to Albian ~108 to ~123 Ma) were found for zircons in the old Precambrian
basement rocks in the south to southwest Mamfe Basin. Additionally, their corresponding
ages have not yet been reported in any published documents in the Borborema Province,
although a Mid-Cretaceous age (U-Pb 135 £ 4.7 Ma) dates calcite slickenfibres-bearing
faults in shear zones bordering the Borborema Province orogenic belt [82]. It is probable
that part of these events never affected the Borborema Province, as they could possibly
have occurred at the beginning, during, and/or after the separation of the African plate
from the South American plate (linked during the Precambrian times [39]) (Figure 10).
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Figure 10. Map of Gondwana at the end of Neoproterozoic time (540 Ma) showing the general arrangement of PanAfrican
belts. AS, Arabian Shield; BR, Brasiliano; DA, Darnara; DM, Dom Feliciano; DR, Denman Darling; EW, Ellsworth-Whitrnore
Mountains; GP, Gariep; KB, Kaoko; MA, Mauretanides; MB, Mozarnbique Belt; NS, Nubian Shield; PM, Peterman Ranges;
PB, Pryolz Bay; PR, Parnpean Ranges; PS, Paterson; QM, Queen Maud Land; RB, Rokelides; SD, Saldania; SG, Southern
Granulite Terrane; TS, Trans-Sahara Belt; WB, West Congo; ZB, Zambezi. (Reproduced with permission from [140]).

7. Conclusions

The basement rocks of the Araru black to whitish gneiss, Araru whitish-grey gneiss,
Mboifong migmatite, Nkogho I-type anatectic granite, Otu granitic pegmatite, and Babi
mica schist in the south to southwestern part of the Mamfe Sedimentary Basin (SW
Cameroon) belong to the PanAfrican mobile belts. They host zircon crystals that fin-
gerprint the Mid Paleoproterozoic to Albian events with closeness to those of rocks in the
SW Cameroon Mobile Belt, of SE Nigeria, and the Borborema Province, NE Brazil.

The oldest zircons are Mid Paleoproterozoic age, found in the Babi mica schist dat-
ing the Eburnean tectono-magmatic/metamorphic events in Cameroon and SE Nigeria.
Coupled with the Early Mesoproterozoic ages, they correspond to the Late Paleoprotero-
zoic to Early Mesoproterozoic ages extensional (continental rift) settings and anorogenic
magmatism in the Borborema Province in the NE part of Brazil.

Late Mesoproterozoic to Early Neoproterozoic ages observed in zircons from the
Araru black to whitish gneiss, Araru whitish-grey gneiss, Mboifong migmatite, Nkogho
I-type anatectic granite, and Babi mica schist correspond to the Kibarian tectono-magmatic-
metamorphism in SE Nigeria and the Cariris Velhos orogeny with Early Tonian crustal
rifting, magmatism, and metamorphism in the Borborema Province in NE Brazil.

Mid to Late Cryogenian ages were found in zircons from the Araru whitish-grey
gneiss, Mboifong migmatite, and Nkogho I-type anatectic granite, which probably date
the beginning of collisional phases between the Sao Francisco-Congo and West African
cratons and the Saharan metacraton with metamorphism and magmatism in Cameroon;
this is also linked to the continental rift that followed the Early Tonian rifting, culminating
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with oceanic crustal development and subducted and continental arc phases enclosing the
syn-orogenic phase in the Borborema Province in NE Brazil.

The Early to Late Cambrian zircon ages found in the Araru whitish-grey gneiss,
Nkogho I-type anatectic granite, Babi mica schist, and the Otu granitic pegmatite, prob-
ably date the progress of the collisional phases between the Sao Francisco-Congo and
West African cratons and the Saharan metacraton with metamorphism and magmatism,
and post-collisional evolution in Cameroon. This relates the PanAfrican tectonomag-
matic/metamorphism in SE Nigeria and the collisional phase of the Brasiliano orogeny,
with syn-collisional plutons and extensive shearing and post-collisional granite intrusions
in the Borborema Province in NE Brazil.

The Early Devonian to Early Cretaceous zircon ages for the Araru whitish-grey and
Nkogho I-type anatectic granite were not found in any basement rocks in other parts of the
Cameroon Mobile Belt, in SE Nigeria, or the Borborema Province in the NE part of Brazil.
This suggests that zircons in the basement rocks found in the correlated megastructures
probably never recorded those events.
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