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ARTICLE INFO ABSTRACT
Aftid_e history: Neoproterozoic breakup of Rodinia resulted in the formation of several oceanic realms between dis-
Received 30 July 2022 persing cratons, which were later consumed during the assembly of Gondwana. In its western portion,

Revised 16 October 2022

the interior orogenic belts of Gondwana formed during the Brasiliano-Pan African Orogeny in the late
Accepted 10 November 2022

Neoproterozoic-early Cambrian. Available geophysical, structural and petrological data suggest that the
complex network of shear zones that once connected the Borborema province (NE Brazil), Tuareg shield

Keywords: (Hoggar) and Central African domain (NW Africa) likely represent ancient sutures that mark collisional
Ophiolites episodes between Archean-Paleoproterozoic paleocontinents such as Amazonian-West African and S3o
Western Gondwana Francisco-Congo. Mafic, ultramafic and sedimentary sequences associated with this set of structures re-

Suture zones

. . spresent dismembered ophiolite slices interpreted as oceanic remnants (sensu lato) that were emplaced
Neoproterozoic orogenic belts

during the late stages of the Gondwana assembly. For instance, the composite Transbrasiliano-Khandi-
In-Tedeini-Silet shear system crosscuts rock assemblages preserving a complex history of oceanic-crust-
transition development (Novo Oriente complex) in association with primitive to evolved magmatic arcs
and UHP rocks both in the Borborema province and NW Africa. In the central Borborema province, pre-
served ophiolitic slices are strongly overprinted by ductile and brittle deformation events, but partially
preserved MORB-like amphibolites are akin to subduction-related-types that crystallized in early- and
late Neoproterozoic times docked via terrane accretion and dispersed by strike-slip shear zones. In the
southern Borborema province, an example of a Neoproterozoic ophiolitic assemblage is the Monte Orebe
complex, that encompasses T-MORB mafic rocks, ultramafic lenses, and exhalative sedimentary rocks akin
to early to late stages of oceanic basin spreading, emplaced during convergent plate motions between the
Pernambuco-Alagoas superterrane and the Sdo Francisco craton. Correlative units are found in Cameroon,
including the strongly hydrotermalized ultramafic rocks of the Lomié and Boumnyebel complexes, that
are structurally controlled by top-to-the-south verging nappes found in the N-NW margin of the Congo
craton. In all scenarios, the ophiolitic complexes are related to intra-oceanic and continental magmatic
arcs as well as to geophysical signatures comparable to Phanerozoic suture zones. Although strongly
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dismembered, scrapped off Neoproterozoic oceanic crust partially preserved within the major belts of
western Gondwana demonstrate the role of accretion-collisional orogenesis during its assembly.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of Ocean University of China.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Ophiolitic complexes are composed of mafic and ultramafic
rocks emplaced in modern and ancient mountain belts and inter-
preted as relics of oceanic crust/upper mantle sections. A complete
ophiolite complex can contain (i) ultramafic tectonites, including
harzburgites and serpentinites in the base, (ii) gabbro layers
with interleaved fragments of dunites and trondhjemites, and
(iii) sheeted dikes, breccias, pillow basalts and pelagic sediments
including chert and turbidites at its upper portion (Dilek and
Furnes, 2011 and references therein).

The site of initial generation of ophiolitic complexes includes
the diversity of environments associated with modern oceans (e.g.,
mid-oceanic ridges, ocean islands, island arcs) with subsequent
emplacement on land related to interaction between the ocean
lithosphere and accretionary-collisional zones (e.g., Furnes et al.,
2014; Ishizuka et al., 2014; Whitmarsh et al., 2001). Phanero-
zoic examples include the Oman (United Arab Emirates), Lig-
urian (Italy), Shergol (India) and Bay of Islands complexes (e.g.,
Cawood and Suhr, 1992; Renna and Tribuzio, 2011; Coleman, 2014;
Manas et al., 2021, among others).

In Precambrian orogenic belts, ophiolitic complexes are often
incomplete, occurring as strongly reworked, metamorphosed, and
deformed slices preserved in suture zones (Cawood et al., 2009;
Furnes et al, 2014). Nevertheless, once identified, Precambrian
ophiolite relics have contributed to understanding pre-Phanerozoic
tectonic process on Earth (Kusky et al, 2013 and references
therein). A well-studied example is the Mona Complex of Anglesey,
North Wales, UK, which comprises strongly deformed mafic and
ultramafic tectonic slices scrapped off from the oceanic slab, mark-
ing the onset of accretionary stages of the Avalonian-Cadomian
orogeny in late Neoproterozoic times (e.g, Kawai et al.,, 2006 and
references therein). Further in the geological past, mafic-ultramafic
rocks representing embryonic oceans have also been recognized in
sequences such as greenstone belts, providing glimpses for possi-
ble plate interactions during the Neoarchean (e.g., Van Kranendonk
et al., 2007; Furnes et al., 2015).

It has long been proposed that Gondwana’s peripheral and inte-
rior orogens preserve relics of complex accretionary-collisional his-
tories (e.g., Caby, 1994; Castaing et al., 1994; Oriolo et al., 2017;
Cawood et al., 2021; Caxito et al., 2021a, 2021 b), and in the
case of western Gondwana, are mostly related to the Neoprotero-
zoic to early Paleozoic Brasiliano (South American side) and Pan
African (African side) orogenies (~ 800-500 Ma; Brito Neves et al.,
2014 and references therein). Despite widespread deformation and
medium- to high-grade metamorphic overprints, relics of mafic-
ultramafic sequences within mélanges containing deep-sea sedi-
mentary rocks have been interpreted as ophiolite-related in sev-
eral portions of Brazil and western Africa, and are at least in
part related to the closure of the long-lived Adamastor and Goias-
Pharusian oceanic basins (e.g, Cordani et al, 2013; Ganade de
Aradjo et al, 2014a; Basei et al., 2018; Hodel et al, 2019;
Amaral et al., 2020; Brown et al., 2020a, 2020 b; Massuda et al.,
2020; Werle et al., 2020; Caxito et al., 2022).

Lying at the heart of western Gondwana, the Borborema
province of northeastern Brazil (Almeida et al., 1981) is a highly
deformed orogenic system that, in paleogeographic reconstitutions,
presents crustal continuity to several orogenic belts in north-

western Africa, including the Dahomeydes, Pharusides-Gourma
(Togo, Benin and Mali), Central African or Oubanguides orogens
(Cameroon, Central African Republic and Chad), and the Tuareg
and Benino-Nigerian shields (Algeria, Niger, Mali, and Nigeria;
Caby, 1989; Castaing et al., 1994; Toteu et al., 2001; Brito Neves
et al., 2002; Arthaud et al., 2008; Santos et al., 2008; Van Schmus
et al., 2008; Kalsbeek et al., 2013). This large set of composite oro-
genic belts is interpreted as the result of tectonothermal events on
the margins of the Sdo Francisco-Congo, Amazonian-Sdo Luis-West
Africa and Saharan paleoplates during Neoproterozoic and Cam-
brian times.

The presence of possible ophiolitic remnants in NE Brazil and
NW Africa (Caxito et al., 2020a and references therein) empha-
sizes the importance of accretionary episodes on the peripherial
segments of Archean-Paleoproterozoic continental blocks in west-
ern Gondwana. In this contribution, we provide an overview of
possible ophiolitic slices preserved in the Borborema province and
inferred equivalents in NW Africa orogenic belts, reviewing their
field relationships and their petrographic and geochemical-isotopic
character, with the aim of evaluating spatial and temporal linkages,
as well their role in the continental assembly of Gondwana during
the Neoproterozoic.

2. Interior orogens of western Gondwana: NE Brazil-NW Africa

Proposed crustal correlations between Brazil and Africa com-
menced in the late 19605 and were based on regional-scale
structures and comparison of tectono-magmatic records (e.g.,
Hurley et al, 1967; Almeida and Black, 1968). Over the last
thirty years, the expansion of geological mapping and growth of
geochemical and isotopic datasets have shown that systematic
and complex convergent events grouped within the Brasiliano-Pan
African Orogen occurred between the Archaean-Paleoproterozoic
blocks (e.g., Sdo Francisco-Congo, Saharan and Amazonian-West
Africa paleocratons) as a consequence of the Gondwana assembly
(e.g., Caby et al, 1991; Trompette, 1994, 2000; Brito Neves et al.,
2000; de Wit et al., 2008a, 2008b) (Fig. 1a).

Despite variations in the published isotopic/geochronological
results that have accumulated over the last several decades,
it is generally accepted that the major period for the Gond-
wana assembly was concentrated in the 620-500 Ma interval
(e.g, Caby, 2003; Collins and Pisavervsky, 2005; Cawood and
Buchan, 2007; Ganade de Aratjo et al, 2014b). In the west of
Gondwana, it is assumed that such collisional episodes followed
the closure of large oceanic realms developed between ca. 900
and 720 Ma (e.g, Caby et al, 1981; Stern, 1994; Cordani et al.,
2013; Bechiri-Benmerzoug et al., 2017), as in the case of the
Goids-Pharusian ocean, marked by a 2500-km-long suture zone
crosscutting both the South American and African continents (e.g,
Jahn et al., 2001; Agbossoumondé et al., 2001; Ganade de Aradjo
et al.,, 2014a; Santos et al., 20153, 2015b).

Several regional-scale ductile shear zones are used to di-
vide these orogenic belts in NE Brazil (e.g, Brito Neves et al,
2000; Van Schmus et al.,, 2011) and NW Africa (e.g, Black et al.,
1994; Toteu et al., 2004; Liégeois 2019). Along these structures,
geophysical, field, and geochemical-isotopic studies have demon-
strated that several mafic-ultramafic sequences, including ophiolite
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Fig. 1. (a) Gondwana map at ca. 500 Ma showing the position of major cratons and orogenic belts according to Cawood et al. (2021); (b) Geodynamic context of NE-Brazil

and NW Africa showing the location of the ophiolitic complexes discussed herein.

remnants and HP/UHP rocks, might represent ancient hidden su-
ture zones within the inner portions of western Gondwana (e.g.,
Padilha et al., 2014, 2017; Santos et al., 2014; Brahimi et al., 2018;

Oliveira and Medeiros, 2018; Deramchi et al., 2020; Araibia et al.,
2022) (Fig. 1b).

2.1. NE Brazil - Borborema Province

The crustal record of the Borborema Province comprises dom-
inantly Paleoproterozoic gneissic-migmatitic basement sequences

(ca. 2.2-2.0 Ga; e.g, Santos et al, 2013a, 2013b, 20153, 2017a,
2022; Lages et al., 2019; Brito Neves et al., 2020), local Archaean
nuclei (ca. 3.5-2.6 Ga; e.g, Dantas et al., 2013; Pitarello et al., 2019;
Ferreira et al., 2020), and Neoproterozoic supracrustal-dominated
terranes (ca. 1.0-0.6 Ga; e.g,, Van Schmus et al., 2003; Santos et al.,
2010; Brito Neves et al., 2014; Brito Neves and da Silva Filho, 2019;
Lima et al, 2018; Caxito et al. 2020b). Several early- to late
Neoproterozoic pre-, syn-, late- and post-orogenic granitic suites
intruded both basement and supracrustal-dominated regions,
which are mostly aged between 0.9 and 0.5 Ga (e.g, Santos and
Medeiros, 1999; Santos et al., 2010; Guimardes et al., 2011;
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Fig. 2. Simplified geological map of the Borborema province with the location of the documented ophiolite complexes in NE Brazil. Major shear zones: TSZ = Transbrasiliano,
PaSZ = Patos, PeSZ = Pernambuco. Major domains described here: SQMA = Santa Quitéria magmatic arc, PABB = Piancé-Alto Brigida belt, APT = Alto Pajel terrane,
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represent major cities.

Nascimento et al., 2015; Silva et al., 2015; Brito Neves et al., 2016;
Sial and Ferreira 2016).

One of the prominent features of the province is the dense net-
work of up to several hundred-kilometer-long shear zones (e.g.,
Vauchez et al,, 1995) of which the E-W Patos and Pernambuco
divide the province into northern, central, and southern sub-
provinces (Van Schmus et al, 1995, 2008). Distinct models have
been proposed to describe the Borborema province’s evolution.
Santos (1996) and Brito Neves et al. (2000) have proposed that the
province corresponded to an accretionary orogen, like those de-
scribed in the North American Cordillera by Coney et al. (1980).
According to this model, thrust-related and strike-slip shear zones
are, at least in part, remnants of suture zones agglutinating several
terranes during the Cariris Velhos (ca. 1000-920 Ma) and Brasil-
iano orogenies (Caxito et al., 2020a, 2020b, 2021a; Santos and Cax-
ito, 2021; Santos et al., 2021a). In contrast, evidence against the

terrane accretion model has emphasized an intracontinental set-
ting for deformation in the region (e.g., Neves, 2021 and references
therein).

Apart from the end-member orogenic styles of accretionary and
intracontinental, intermediate settings have emerged. Ganade de
Aradjo et al. (2021) proposed the Borborema lithosphere was
pulled away from the Sdo Francisco Craton during 1000 and 650
Ma decratonization events, then inverted to a dominant transpres-
sive phase, also incorporating exotic Paleoproterozoic fragments
via strike-slip tectonics. Alternatively, extroversion tectonics (i.e.,
accretion of continental margins that were not previously conju-
gated) have been proposed to have acted on the province’s borders
while introversion phases occurred in its internal oceanic domains,
with typical Wilson cycle rift-drift-subduction-collision events sep-
arating and then joining back again the reworked basement blocks
(Caxito et al., 2016, 2020a, 2021a).
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3. Ophiolite wedges in NE Brazil
3.1. General outline

The role of obducted ophiolitic wedges in the orogenic his-
tory of the Borborema province has been recognized since the
1980-1990s, and they are mostly interpreted as relics of oceanic
realms that were accreted to the dominant Paleoproterozoic con-
tinental lithosphere during the Neoproterozoic (see Brito Neves
et al., 2000 and references therein). For instance, in the central
Borborema province, Santos (1995) described a series of ultramafic
rocks, including relics of picritic melts and gabbros/amphibolites
with MORB-like signature, grouped as the Serrote das Pedras Pre-
tas suite (Floresta/PE), and interpreted as oceanic floor relics that
crystallized ca. 1025-920 Ma (Lages and Dantas, 2016). Also, rem-
nants of eclogitic rocks associated with Cr-Fe-Ti mineralization
have been described in the same region (Beurlen et al., 1992). An-
other important example includes the mafic, ultramafic and pelitic
rocks of the Monte Orebe complex in the southern Borborema
Province, formerly interpreted by Moraes (1992) as tholeiitic rocks
of oceanic affinity that were thrusted over the northern margin
of the Sdo Francisco craton, which was later confirmed by Caxito
et al. (2014a) through the interpretation of field, geophysical, ele-
mental and isotope geochemistry data.

Recent contributions have sougth to unravel the setting of
possible remnants of ophiolite wedges (Fig. 2) and in investi-
gating high-grade mafic-ultramafic complexes, including unique
occurrences of HP and UHP rocks in the northern Borborema
province (e.g, Ganade de Aradjo et al., 2014a; Santos et al., 2015a;
Amaral et al., 2015; Pitombeira et al., 2021). These rocks are closely
related to the Transbrasiliano shear zone and to granitic rocks of
the Santa Quitéria magmatic arc, representing the markers of tec-
tonic inversion and closure of the Goias-Pharusian oceanic basin at
ca. 600 Ma (Cordani et al., 2013). In addition, studies have sum-
marized the characteristics of mafic-ultramafic sequences through-
out the province and in its African counterpart (Caxito et al.,
2020a and references therein), indicating Neoproterozoic oceanic
realms/accretionary complexes that might be hidden in other por-
tions of the province (e.g., Santos and Caxito, 2021; Santos et al.,
2021a).

3.2. Northern subprovince

3.2.1. Novo Oriente

Mafic and ultramafic rocks of the Novo Oriente Group
(Cavalcante et al., 2003) occur in the Acarad sub-domain in
the southwestern portion of the northern Borborema province
(Fig. 3a), which is delimited by the Transbrasiliano and Taua
shear zones. The Novo Oriente Group contains two distinct strati-
graphic sequences (Cavalcante et al., 2003): (i) the proximal coastal
Bonsucesso Formation that comprises quartzite and minor basic
metavolcanic rocks and (ii) the distal Caratibas Formation that
constitutes a metapelitic-volcanic-carbonate sequence, including
metabasic rocks with pillow structure and sheared serpentinized
ultramafic rocks (Fig. 3b).

The ultramafic rocks are dominantly composed of deformed
and undeformed serpentinites, chloritites, actinolitites, talc-chlorite
schists, serpentine-talc schists, talc-rich siliceous rocks and sub-
ordinated listwdnites (Pitombeira et al, 2017). The deformed
(sheared) serpentinites are characteristically green to purple and
are composed of stretched serpentine and Cr-magnetite. The unde-
formed (isotropic) serpentinites are greenish, massive textured and
composed of serpentine, Cr-magnetite and crosscut by late quartz
veins. Subordinate actinolitites, talc-chlorite schists, serpentine-talc
schists, chloritites, and talc-rich siliceous rocks occur as lenticu-
lar bodies associated with the serpentinites. The metamafic rocks

Geosystems and Geoenvironment 2 (2023) 100148

of the Novo Oriente Group occur interspersed in metapelitic
(Caratibas Formation) and metapsamitic (Bonsucesso Formation)
sequences.

The mafic members are represented by gabbros, hornblende
gabbros and basalts (Pitombeira et al., 2017). The gabbros are of
greenish gray color, dominantly isotropic and medium- to locally
coarse-grained. The hornblende gabbros show grano-nematoblastic
texture, marked by incipient foliation and intense recrystallization
of plagioclase and amphibole. The basalts, represented by fine-
grained amphibolites, crop out as tabular and concordant bodies
interspersed in the eastern portion of the quartzite package. Lo-
cally, they show oriented ellipsoidal concentrations of quartz and
feldspar akin to deformed amygdales that indicate the top of the
basaltic flows (Fig. 3b).

Ganade de Aradjo et al. (2010) proposed two distinct tectonic
settings for the Novo Oriente Group: (1) an evolved extensional
basin that formed during the Mesoproterozoic (ca. 1.5-1.3 Ga); or
(2) part of a rift-passive margin system that developed during the
break-up of the Rodinia supercontinent (ca. 0.95-0.8 Ga), associ-
ated with the Goids-Pharusian ocean. Isotopic analysis indicates
crustal assimilation with negative €Nd(t) and Paleoproterozoic Tpy
ages (Fig. 3c) whereas available geochemical data of the ultra-
mafic rocks suggest that they represent altered dunites depleted
in HREE, similar to observed patterns in classical subduction-
zone-related serpentinites, generally generated from exhumed sub-
continental peridotites hydrated during ocean-continent transition
rifting (Pitombeira et al., 2017). The metamafic rocks show tholei-
itic affinity with signatures between E- and N-MORB and variable
contamination by crustal components, as shown in Fig. 3d and 3e.

3.3. Central subprovince

3.3.1. Bodocé and Serrote das Pedras Pretas

Rocks of the Bodocé occurrence consist of highly deformed
mafic-ultramafic lenses with general geochemical signatures typ-
ical of oceanic tholeiitic magmas and occur close to the tectonic
contact between late Neoproterozoic supracrustal rocks and Pale-
oproterozoic terranes within the Piancé-Alto Brigida belt (Fig. 4a;
Beurlen et al., 1992; Lages and Dantas, 2016). They enclose Cr-Ti-
Fe mineralized chromitites (Fig. 4b) within mafic-ultramafic host-
rocks (Fig. 4c,d) in association with low temperature/C type eclog-
ites (sensu Coleman et al, 1965) interpreted as the record of
subduction events in the region (Fig. 4e-g; Beurlen and Villar-
roel, 1990; Beurlen et al., 1992).

The Serrote das Pedras Pretas Suite was described by
Santos (1995) as slightly- to strongly deformed mafic and ultra-
mafic rocks in the western Alto Pajet terrane and were later inter-
preted as an important marker of its boundary with the Archean-
Paleoproterozoic Alto Moxot6 terrane (Lages and Dantas, 2016;
Santos et al., 2017b, 2018, 2021b). Available zircon U-Pb ages sug-
gest initial magma crystallization of the suite at ca. 1.0 Ga during
early stages of the Cariris Velhos event and were later submitted
to eclogitic facies metamorphism at ca. 620 Ma (Lages and Dan-
tas, 2016).

Field relationships suggest that rocks from this suite might
occur in allochthonous contact with metasedimentary rocks of
the Sdo Caetano Complex (Santos et al., 2019) or as roof pen-
dant xenoliths within the Brasiliano Riacho do Ic6 granite, dated
at 608 + 5 Ma (Santos et al, 2020). This suite comprises gar-
net amphibolites (Fig. 5a), garnet hornblendites (Fig. 5b), tremoli-
tites, chlorite-actinolite schists, pyroxenites and cumulate members
such as olivine cumulates. Several clusters of small mafic to ul-
tramafic host rocks associated with this unit are commonly min-
eralized by massive Fe-Ti-V oxides and minor disseminated Ni-
Cu sulfides. A tholeiitic-picritic oceanic character was described by
Beurlen et al. (1992). In addition, the rocks display positively frac-
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tionated eNd(q g ¢,) Vvalues, reaching up to +4.84 (Fig. 5¢), which is
in accordance with a depleted mantle source that coupled with ini-
tial ratios of 87Sr/86Sr and fractionation of light rare earth elements
(LREE) relative to heavy rare earth elements (HREE), suggests
metasomatization by subduction-related melts/fluids (Lages and
Dantas, 2016).

3.3.2. Gurjdo

The Gurjdo rocks occur in the eastern part of the central sub-
province, in association with the crustal boundaries between the
Pajet and Alto Moxot6 terranes, as well as between the Pianc6 Alto
Brigida belt and the northern subprovince (Fig. 2). They include
schists, chlorite to talc-chlorite-amphibole schists, serpentinites,
listwanites, fine-grained amphibolites, actinolitites, gabbros, cherts

and iron formations. These lithotypes are in contact with mid- to
late Neoproterozoic biotite-muscovite gneisses and schists appar-
ently over-thrusted in an apical folding zone on biotite-amphibole
migmatite gneisses (Fig. 6a) aged at ca. 1.0 Ga (Lages et al., 2014).

Alteration products within these rocks are recorded by centi-
metric to decimetric fibrous veins of anthophyllite, chrysotile and
antigorite. Talc schists (Fig. 6b) are composed of talc, Fe-chromite,
phlogopite and anthophyllite. Associated listwanites (Fig. 6¢) have
a gossanous texture and a reddish-brown color, probably due to
the preferential breakdown of the ferromagnesian carbonates. A
typical process along this occurrence is the widespread laterization
mainly formed through microcrystalline silica infiltration (dissolu-
tion of carbonates and reprecipitation of silicious fluid). The am-
phibolites and talc-chlorite schists are melanocratic and exhibit a
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calculated age of 1024 Ma (Lages and Dantas, 2016).

dark green color with milky submillimetric plagioclase dots. They
have a well-developed schist structure, besides an incipient min-
eral lineation marked by aligned subhedral to anhedral chlorite
crystals.

Available U-Pb ages were obtained on metamorphic zircon crys-
tals and grain overgrowths from a fine-grained amphibolite of
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the sequence (ca. 0.6 Ga; amphibolite facies metamorphism age),
suggesting that the precursor magma must be older than that
(Lages et al., 2017). Obtained ¢Nd(gg ga) values up to +3.7, indi-
cate juvenile upper mantle inputs in the genesis of these rocks
(Lages et al., 2017). Geochemical aspects of the ultramafic members
include the Ti content, Yb enrichment and low LOI values, typical
of obducted ophiolitic cumulates (Deschamps et al., 2013). In con-
trast, rare earth element patterns observed in the mafic rocks are
similar to those observed in boninites from arc-retro-arc settings.
In addition, the #Cr and #Mg of the chromites are like those from
serpentinites generated in supra-subduction zone mantle wedge
(Lages et al., 2017).

3.3.3. Sitio Xilili

Mafic-ultramafic rocks mapped as the Sitio Xilili unit crop out
in the western portion of the Rio Capibaribe terrane (Fig. 7a).
This terrane comprises an early Paleoproterozoic (ca. 2.1 Ga) base-
ment formed of metagranites and banded orthogneisses (Brito
Neves et al.,, 2013 and references therein) crosscut by isolated oc-
currences of mafic-ultramafic and fine-grained late Paleoprotero-
zoic orthogneisses (ca. 1.7-1.6 Ga; Accioly, 2000; Sa et al., 2002).
Early Neoproterozoic units (ca. 0.92 Ga) are also described, repre-
sented mainly by volcanosedimentary sequences, including schists
and garnet amphibolites, that were possibly intruded by ultra-
mafic rocks, including inferred ophiolite members (Accioly and
Santos, 2010; Santos et al., 2017c).

Late Neoproterozoic units within this terrane include low- to
medium-grade supracrustal sequences (Neves et al., 2008; Brito
Neves et al, 2013) and calc-alkaline to alkaline plutonic rocks
dated at ca. 0.59 Ga and deformed by several NE-SW trending
strike-slip shear zones that crosscut the terrane (e.g., Santos and
Medeiros, 1999; Mariano et al., 2001; Neves et al., 2006). In its
central portion, mafic-ultramafic rocks have been studied since
the 19705 mainly due to their association with anthophyllite as-
bestos. Ultramafic rocks include serpentinites and anthophyllite-
talc schists with picritic-peridotitic protoliths, whereas mafic rocks
include gabbros and amphibolites that crop out as lenses along
the NE-SW trend of the Rio Capibaribe terrane (Lira Santos et al.,
2022).

No geochronological data have been obtained in the plutonic
rocks. U-Pb ages associated with volcanic lenses that occur con-
cordant with the mafic/sedimentary pile suggest crystallization
ages of ca. 0.92 Ga (Santos et al., 2017c). Ultramafic rocks are
strongly altered, marking a dark-brown clayish soil with iron
caps of magnetite-rich mafic rocks (Fig. 7b). Serpentinites within
the ultramafic sequence are composed of antigorite, serpentinite,
talc, magnesite, chlorite, and magnetite that form a xenoblas-
tic aggregate, with antigorite showing interpenetrating textures.
The anthophyllite-talc schists are inequigranular porphyroblastic
(given by the anthophyllite prisms) (Fig. 7c) with a lepidoblas-
tic matrix composed of talc, anthophyllite, antigorite, chlorite, and
magnetite concentrations. The mass- and slip-fiber asbestos form
brownish masses composed of anthophyllite fibers and magnetite
(Santos et al., 2022). The gabbros are equigranular, consisting of
amphibole (Fig. 7d), clinopyroxene, and plagioclase, with minor
sphene, quartz, epidote, and oxides.

Few geochemical and isotopic data have been documented,
which is primarily due to the difficulty in mapping and collecting
these rocks that have been buried since ca. 2017, when exploration
for asbestos in Brazil was prohibited. However, the few analyzed
samples of amphibolites (Santos et al., 2022) present geochemical
signatures akin to N-MORB and E-MORB (Fig. 7e) magmas as tes-
tified, for instance, by the low fractionation pattern between LREE
and HREE compared with the chondrite (Fig. 7f), that in addition
with the occurrence of primitive melts and strongly hidrotermal-
ized rocks (litswanites?), opens the possibility of ophiolitic rocks
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Fig. 6. (a) Migmatized biotite-amphibole gneiss with closed folds pattern of the Stenian/Tonian Sitio Ic6 basement; (b) Talc schist exhibiting crenulation lineation from
Gurjdo rocks sequence; (c) Oxized listwanite with mega pseudomorphs filled with white mica.

obliterated by the intense deformation recorded in the central sub-
province of the Borborema province.

3.4. Southern subprovince

3.4.1. Monte Orebe and Canindé

Mafic, ultramafic and sedimentary sequences grouped in the
Monte Orebe Complex were recognized as possible ophiolite rem-
nants (Moraes, 1992; Caxito et al., 2014a) exposed in the Ria-
cho do Pontal orogen, southern subprovince (Brito Neves, 1975).
The orogen is divided into three sectors: internal, central and ex-
ternal (Fig. 8a; Oliveira, 1998; Caxito and Uhlein, 2013; Caxito
et al., 2014b, 2016) and the Monte Orebe complex crops out in
the central sector of the orogen. The complex comprises several
occurrences of actinolite schists, amphibolites and metatuffs, com-
monly interleaved with sedimentary rocks interpreted as deep-sea
pelagic remnants, exhalative rocks such as metric-thick chert lay-
ers (Fig. 8b), and ultramafic lenses. Massive basalts are widespread,
mostly interleaved with actinolite-plagioclase greenschists, also ex-
hibiting well-preserved amygdaloidal textures (Fig. 8c).

The available whole-rock Nd isochronic age of ca. 819 + 120
Ma (Fig. 8d) and the initial calculated eNd(t) values at around
+4.4, along with the petrographic, stratigraphic, structural, ele-
mental geochemistry and metamorphic characteristics as well as
geophysical signatures led Caxito et al. (2014a) to suggest that the
Monte Orebe Complex marks a Neoproterozoic suture zone within
the central portion of the Riacho do Pontal belt. Despite the high
uncertainty of the calculated Sm-Nd isochron, inherent in whole-
rock isochrons of homogeneous oceanic crust samples with sim-
ilar, homegeneous Sm/Nd ratios, this is so far the best estimation
for the crystallization of the Monte Orebe metavolcanic rocks. Geo-
chemical data obtained in metamafic rocks of the Monte Orebe
Complex point to a tholeiitic (Fig. 8e) subduction-related (Fig. 8f)
continental margin (Fig. 8g) setting, and the trace element dis-
tribution patterns including REE, suggest affinities with T-MORBs
(Caxito et al.,, 2014a). This interpretation concurs with the early
proposition of Moraes (1992) and is reinforced by the detected
paired positive-negative linear Bouguer anomaly observed in the
region (Oliveira, 1998), typical of ancient suture zones where litho-
spheric blocks of distinct age and composition are juxtaposed.

Zircon data from the metasedimentary succession supports
the interpretation of an accretionary prism setting, including
both cratonic-sourced and hinterland-sourced successions tecton-
ically interleaved with scraps of obducted oceanic crust (Caxito
et al., 2016). Southward, towards the northern Sdo Francisco cra-
ton margin, platformal successions including carbonate ramps and
quartzites of the Barra Bonita formation represent the shallow ma-
rine correlatives of this deep-sea succession (Caxito et al., 2016).

Further east, the Canindé Domain is one of a series of crustal
segments that compose the Sergipano belt of the Southern sub-

province. Similar to the Riacho do Pontal belt, it represents a
strongly deformed Neoproterozoic crustal piece that borders the N-
NE region of the Sdo Francisco craton, presenting direct linkage to
the Oubanguides orogen in Cameroon (Davison and Santos, 1989;
Silva Filho, 1998; D’el-Rey Silva, 1999; Trompette, 2000). Several
accretionary markers are described within this orogenic region,
including arc-related granites, basic to acidic volcanic rocks and
several plutonic and sedimentary sequences (e.g., Oliveira et al.,
2006, 2010, 2017; Lima et al., 2019). The latter represent remnants
of platformal and oceanic sequences that were strongly reworked
and deformed/disrupted during collisional episodes between the
Pernambuco-Alagoas superterrane and the S3o Francisco craton
during the Brasiliano Orogeny (Brito Neves and Silva Filho, 2019).

The major domains/terranes of the Sergipano belt are bounded
by several regional-scale shear zones, from which airborne geo-
physical investigations suggest that they might represent relics
of ancient sutures, marking the onset of accretionary phases
between the Borborema province and the S3o Francisco craton
(e.g., Almeida et al, 2021). Among them, the Canindé domain
occurs in the northernmost portion of the Sergipano belt and
comprises volcanic-sedimentary rocks (Novo Gosto and Gentileza
units), the Canindé gabbroic intrusion and several pre-, syn and
post-collisional late Neoproterozoic granites (Passos et al., 2022
and references therein).

Jardim de Sa et al. (1986) described within this domain
relics of island arcs, in addition to the early proposition of
Silva Filho (1976), that gave more emphasis on ophiolite-related
settings. Furthermore, Davison and Santos (1989) suggested that
contrasting domains of the Sergipano belt, including Canindé,
might represent relics of accreted terranes on the margins of the
Sdo Francisco craton. Based on a vast number of geochemical and
isotopic data, Oliveira et al. (2010) suggested that rocks from the
Canindé domain were generated in a continental rift setting that
later evolved to an oceanic basin.

Recently, Passos et al. (2021) obtained the first Tonian ages of
the Canindé Domain (ca. 0.74 Ga) in amphibolites and granitic
rocks, which are directly related to pre-collisional stages of the
Brasiliano Orogeny. Although no clear evidence for an ophiolite
complex has been identified within this domain, the evolution of
the belt including two orogenic stages (Cariris Velhos and Brasil-
iano; Carvalho et al., 2005; Oliveira et al., 2010, 2017) as supported
by geochemical and isotopic data, strongly suggest that an ocean
might have existed between the Tonian and Ediacaran periods.

4. Ophiolites of NW Africa
4.1. Central African geological domain

The complex evolution of Central Africa extends over more
than 3.0 Gy and records formation, reworking and juxtaposition of
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Archean to Paleoproterozoic terrains followed by accretion of Neo-
proterozoic arc successions and volcanosedimentary basins to the
Archean Congo craton during the Pan-African continental collision
in the late Neoproterozoic (~ 600 Ma; Toteu et al., 2001, 2004,
2022; Shang et al., 2004, 2010; Penaye et al., 2006; Van Schmus
et al., 2008; Bouyo Houketchang et al., 2009, 2013; Tchameni et al.,
2010; Owona et al., 2011, 2021; Nkoumbou et al., 2014; Tchakounté
et al,, 2017; Blades et al., 2021; Djerossem et al., 2021). These Pre-
cambrian units are overlain by Phanerozoic intra-cratonic sedimen-
tary basins and cut by recent volcanic rocks of the Cameroon vol-
canic line.

Based on the available geological, geochemical, geochronologi-
cal and airborne geophysical data, several bodies of mafic to ultra-
mafic rocks have been identified, mainly within the Neoprotero-
zoic Yaoundé Group or domain in Cameroon, the southern part
of the Central African fold belt (CAFB). Rocks from this domain
mostly include several low- to high-grade Neoproterozoic sedimen-
tary members and orthogneisses that were accreted to the north-
ern margin of the Congo craton (Toteu et al., 2006a, 2006b and
references therein) in addition to early to post-orogenic granitoids.
Although significantly altered, the best-known examples of mafic
to ultramafic rocks are grouped in the Lomié and Boumnyebel
complexes interpreted as remnants of oceanic crust or ophiolite-
related rocks obducted during the onset of the Pan-African orogeny
(Fig. 9).

4.1.1. Boumnyebel and Lomié

In the Boumnyebel region, decametric lenses of metamafic-
ultramafic rocks occur interleaved with the metasedimentary rocks
of the Yaoundé Group, which were metamorphosed under high-
pressure conditions at ca. 620-610 Ma (Penaye et al, 1993;
Toteu et al., 2004). The available crystallization age of the sequence

12

is inferred from U-Pb zircon age of gabbro at Mamb near Boum-
nyebel of 618 + 7 Ma (Toteu et al.,, 2006a). These deformed and
highly altered sequences (Fig. 10a-c) include talc schists, amphi-
bolites, pyroxenites, serpentinites, hornblendites, chlorite schists
and gabbros. They are interpreted as slices of dismembered ophi-
olite complexes of Neoproterozoic oceanic basins, related to accre-
tionary events of the Pan-African orogeny (Nkoumbou et al., 2006;
Kundu et al., 2022). In addition, mafic and ultramafic rocks within
the CAFB are also linked to subduction-related rocks including
those of the Sinassi magmatic arc in northern Cameroon, where
small scale intrusions or discontinuous xenoliths of gabbros, horn-
blendites, amphibolites are reported (Bouyo Houketchang et al.,
2016).

Further southeastward, in the Lomié area (southeast Cameroon),
low- to medium-grade schists, amphibolites and highly deformed
ultramafic bodies crop out in a series of nappes that border the
NE portions of the Congo craton. The ultramafic rocks of Lomié
(Fig. 10d) were mapped for the first time during the United Nations
Development Programme exploration work in 1987. They comprise
four main rock masses (Kongo, Nkamouna, Mang and Messea)
covering several tens of square kilometers each and, despite sys-
tematic investigations on the cobalt-nickel-PGE mineralization in
this sequence, associated lithotypes generally crop out very poorly
and usually lateritized (Yongue-Fouateu et al., 2006; Ndjigui et al.,
2009; Ndjigui and Bilong, 2010). The best-preserved ultrabasites
are mainly serpentinites (serpentinized peridotites) with antigorite,
having undergone low-grade regional metamorphism and/or signif-
icant silicification. In addition to serpentine (sometimes 90% of ul-
trabasites), rare relics of olivine and orthopyroxene (+ talc, mag-
nesian carbonates, chlorite, magnetite, tourmaline, sulfides) have
been described, which suggest that the original rock would be a
harzburgite-type peridotite. The presence of facies richer in talc
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Fig. 10. (a) Talc-schist flagstone cropping out on the Mapan-Mémel road; (b) strongly serpentinized mesh-like texture and prismatic ghost pyroxene crystals; (c) idiomorphic
disseminated magnetite crystals in strongly altered talc-schists; (d) domed serpentinite at Kongo-Kamouna, Lomié area. (a)-(c) are from the Boumnyebel and (d) refers to

Lomié.

(60 %) and carbonates suggests a protolith of the pyroxenite type.
According to Seme Mouangue (1998), their emplacement and sub-
sequent alteration are linked to later stages of the Pan-African Oro-
gen, which is in agreement with the ca. 666 + 26 Ma age obtained
in an associated gabbro at the Masins region (Toteu et al., 2006a).

4.2. Tuareg shield

The Tuareg shield represents part of the Pan-African orogenic
belt that extends over the Air in Niger, Iforas in Mali and mainly in
the South of Algeria, where it is referred as Hoggar shield (Fig. 11).
The crustal arrangement of this complex orogenic area results from
the amalgamation of 25 terranes due to the closure of early Neo-
proterozoic paleo-oceans, followed by accretion of island arcs and
collisional events of continental domains between the West African
craton and the Saharan metacraton (Caby, 1989; Trompette, 1994;
Liégeois et al., 1994; Black et al.,, 1994; Abdelsalam et al., 2002;
Santos et al., 2008).

These terranes were formed during Archean and Paleoprotero-
zoic times and strongly reworked within the Pan-African Orogeny,
mostly between ~870 and 520 Ma, also including the growth of
juvenile terranes. These crustal blocks show contrasting lithos-
tratigraphic, tectonometamorphic and magmatic features, and have
been welded together along major thrust-related and strike-slip
shear zones, often in a sub-meridian direction (Liégeois et al.,
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2003, 2019; Caby, 2003; Deramchi et al., 2020; Araibia et al., 2022;
Ouadahi et al., 2022).

The major trending sub-meridian-trending shear zones at ~
4°50E and ~ 8°30’E divide the shield into western, central and
eastern Hoggar (Bertrand and Caby, 1978). These structures have
been considered (Caby, 1989; Arthaud et al., 2008; Cordani et al.,
2013) as the main suture zones within the Tuareg shield connected
with those of the northern Borborema Province on the reconstruc-
tion of western Gondwana (Caxito et al., 2020a and references
therein).

Remnants of Neoproterozoic oceanic lithosphere are described
between the Archean-Paleoproterozoic blocks in the Tuareg shield,
mainly associated with the bonding shear zones (Black et al.,
1994). However, only a few have been investigated, mainly those
on both sides of the LATEA unit, which belongs to the central Hog-
gar (Bertrand and Caby, 1978; Vialette and Vitel, 1979; Caby et al.,
1981). The former is an acronym of five constituting terranes
having similar general features: Laouni, Aouiléne, Tefedest, Egéré-
Aleksod, Azroun’Fad. It is bounded in the west and east by oceanic
Neoproterozoic domains, the Pharusian belt and the SAA domain
(Sérouenout, Aghefsa and Aguendis), respectively (Fig. 11).

4.2.1. The Pharusian belt

The Pharusian belt (Gravelle, 1969; Bertrand, 1974; Bertrand
and Caby, 1977, 1978; Caby et al. 1981; Black et al., 1994;
Caby, 2003; Caby and Monié, 2003) is composed of the Silet, In-
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Tedeini and Tin Zaouatene domains, interpreted to represent a
Cordillera-like crustal collage of island arc and oceanic rock units
formed in the interval 870 - 640 Ma (Caby et al., 1981; Caby, 2003;
Bechiri-Benmerzoug et al., 2011, 2017).

The belt’s history started with rifting related to the break-up of
the Rodinia supercontinent (ca. 1000-900 Ma; Dupont et al., 1987;
Bouchachi, 1993; Caby, 2003; Caxito et al., 2020a). This period ac-
companied the generation of transitional-type volcanic rocks asso-
ciated in part with mafic-ultramafic (Abed, 1983; Boukhalfa, 1987)
and metasedimentary lithotypes. This set overlays a Paleo-
Mesoproterozoic basement, defined in the eastern and western
parts of the Pharusian belt (Gravelle, 1969; Boukhalfa, 1987,
2002; Bouchachi, 1993; Black et al., 1994; Haddoum et al., 1994;
Caby, 2003; Bosch et al., 2016).The expression of the Pan-African
orogen in the belt is mainly characterized by conspicuous late
Neoproterozoic arc magmatism consisting of calc-alkaline volcanics
and TTG suites, including associated sedimentary sequences that
reached greenschist metamorphic conditions (e.g, Bertrand and
Caby, 1978; Chikhaoui et al., 1980; Bechiri-Benmerzoug et al.,
2017).

Eastern In-Tendei domain. Serpentinite lenses, as well as mafic and
associated sedimentary rocks with chromitite pods (Augé et al.,
2012), crop out in the Eastern In-Tedeini domain (Fig. 11). Struc-
tural analysis conducted by Ouadahi et al. (2022) has suggested
that these rocks underwent coeval horizontal and vertical move-
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ments, in NNW to NNE direction, and reflect eastward steeply dip-
ping transpressive sinistral structures (Fig. 12a-d) developped dur-
ing collision-related episodes of the Pan-African Orogeny.

In addition, based on the integration of whole-rock geochem-
ical, mineral chemistry and geochronological data, these authors
suggested a harzburgitic-mantle wedge origin for the In-Tedeini
serpentinites, later involved in an accretionary-collisional-related
setting. This interpretation is based, for instance, on the overall
geochemical parameters of these rocks, including variably depleted
and correlated LREE and HFSE, typical of intense dynamic melt-
ing in the upper mantle (Fig. 12c), influenced by fluid influx and
melt refertilization by island arc products, typical of intra-oceanic
subduction-settings. Furthermore, preserved Cr-spinel strongly sug-
gests oceanic affinities, whereas the Cr# for low to intermediate
Mg# point to high degrees of melt depletion likely in a subduction
zone context (Fig. 12e,f). In the same way, tholeiitic N-MORB and
E-MORB geochemical signatures have also been identified in asso-
ciated amphibolites. These may represent massive mantle wedge
serpentinites subjected to complete serpentinization under static
amphibolite-facies conditions, which were then enveloped in talc-
schist caps that localize intense deformation and favored their ex-
humation from the mantle wedge.

Few zircon crystals recovered from metasomatic chloritite dikes
provided ages that were interpreted by Ouadahi et al. (2022) as
recording the subduction-related arc melts (770 + 5 Ma) and em-
placement (631 4+ 10 Ma) of mantle wedge serpentinites within the
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Fig. 12. (a) E-W cross-section through the North of In-Tedeini area, Pharusian belt; (b) View on the structuration of the In-Tedeini serpentinite outcrops; (c) Chondrite
normalized REE patterns of the In-Tedeini serpentinites (green field). Estimated chondrite values are from Barrat et al. (2012); gray field for mantle wedge serpentinites and
peridotite pattern; (d) Pseudomorphic texture of the In-Tedeini serpentinite matrix; Cr-spinel data of the serpentinites plotted on (e) Cr,03 vs. Al,03 contents (wt%) diagram
and (f) Cr# ratio vs. TiO2 content (Wt%) diagram. FMM is Fertile Mid-ocean-ridge Mantle (Pearce and Parkinson, 1993). Modified after Ouadahi et al. (2022).

crust; or alternatively recording hydrothermal events endured by
In-Tedeini serpentinites, which are compatible with island arc rock
ages previously recorded in the belt (Bechiri-Benmerzoug et al.,
2017 and references therein). Additionally, previous geophysical in-
vestigations in this area (e.g, Brahimi et al., 2018; Liégeois, 2019;
Deramchi et al., 2020) have suggested the presence of a main Pan-
African suture zone that likely corresponds to the In-Tedeini-Silet
shear zone instead of the boundary at 4°50’E.

4.2.2. Wadi Takalous

The Wadi Takalous area represents a key region for the un-
derstanding of the polycyclic history in central Hoggar, Algeria
(Fig. 11). It comprises parts of the composite LATEA, SAA and
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TAI (Tazat, Assodé-Issalane) terranes (Araibia et al, 2022 and
references therein) and includes continental and oceanic rock-
assemblages, bounded by multi-kilometric lithospheric submerid-
ian shear zones (Fig. 13a).

The Neoproterozoic SAA domain consists of a strongly deformed
thrust-sheet dominated crustal segment encompassing sedimen-
tary rocks in association with serpentinized peridotites, eclogite-
facies rocks, white schists and omphacite-garnet-bearing rocks,
interpreted as remnants of Neoproterozoic oceanic lithosphere
submitted to high- to ultra-high-pressure conditions (Fig. 13b;
Black et al., 1994; Liégeois et al., 2003; Caby, 2003; Bitam-
Derridj et al., 2010; Adjerid et al., 2012, 2015). The eastern mar-
gin of the LATEA superterrane is composed of a Paleoproterozoic
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where ophiolite rocks crop out. The black rectangle in Fig. 13b represents Fig. 14.

granulite—-amphibolite facies basement (ca. 2.1-1.9 Ga), inter-
preted as a passive margin overthrust by the SAA thrust sys-
tem (Black et al., 1994; Liégeois et al., 2003). Finally, the TAI do-
main is known for its high-temperature metamorphism, including
the occurrence of anatectic leucogranites and high-K calc-alkaline
granitoids (630 and 570 Ma, respectively; Bertrand et al., 1978;
Liégeois et al., 1994, 1998).

Recent advances in airborne geophysical (airborne magnetome-
try and gamma-ray spectrometry data) studies carried out in the
Wadi Takalous area revealed the occurrence of several expressive
magnetic lineaments separating the SAA and TAI domains repre-
sented by distinct magnetic and gamma spectrometric domains.
Brahimi et al. (2018), using potential field methods, defined the
occurrence of first-order geophysical lineaments delineating the
7°30°E dextral shear zone separating two contrasting gravimetric
and magnetic units (Figs. 13b, 14); Ucl (TAI domain) and Uc2
(LATEA and SAA domains). This observation suggests that these lin-
eaments constitute a suture zone for the Enachat ocean as sug-
gested by Liégeois (2019 and references therein). This generated
the SAA domain and is associated with the growth of an oceanic
island arc edifice and obduction of the tectonic slices of metamor-
phosed ophiolitic mafic-ultramafic and ultra-high-pressure rocks
toward the lithospheric Afara terrane and the LATEA eastern mar-
gin.

5. Geodynamic considerations and final remarks

The overall crustal evolution of the interior orogenic belts of
western Gondwana is contentious due to the strong early to late
Neoproterozoic and Cambrian tectonothermal events imprinted on
both the basement terrains and overlying sequences, as well as
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the lack of regional integrated geochrological-isotopic studies. This
complex history has led to the contrasting models of orogenic
development for the Borborema province, including: (i) system-
atic episodes of terrane assembly (e.g., Santos, 1996; Brito Neves
et al, 2000; Santos et al., 2010, 2017b, 2018, 2021a), (ii) a se-
quence of rift-drift-subduction-collision akin to the Wilson cy-
cle (e.g, Oliveira et al., 2010; Caxito et al, 2014b, 2016); (iii)
widespread crustal reworking of a Paleoproterozoic stable litho-
sphere via intracontinental deformation (Neves, 2015, 2021); and,
(iv) combined models including two or more of those above (e.g.,
Caxito et al., 2020a, 2021a; Ganade de Aradjo et al., 2021).

Over the last thirty years, several studies have provided petro-
logical, geochemical (both elemental and isotopic), geophysical and
structural arguments in favor of the existence of oceanic basins,
rock sequences of which later obducted in magmatic arc-trench
systems during collisional stages of the Brasiliano-Pan African
orogeny (Brito Neves et al., 2014 and references therein). Indeed,
terrane assembly or subduction-collision events have been pro-
posed since the 1990’s, especially with respect to the Tuareg shield
(e.g., Black et al., 1994; Caby et al., 2003) and in the northern and
central Borborema province (e.g., Santos, 1995; Fetter et al., 2003).
Significant advances have been achieved by multi-method charac-
terization of lithospheric sutures, as in the case of the Transbrasil-
iano lineament/shear zone in Brazil (e.g., Cordani et al., 2013) and
the submeridian shear zone within the Sérouenout terrane, west-
ern/central Hoggar (e.g.,, Zerrouk et al., 2017; Araibia et al., 2022).

The petrographic, geochemical and isotopic data of partially
preserved mafic-ultramafic sequences reviewed herein provide im-
portant information necessary to unravel the history of the (cryp-
tic) suture zones in NE Brazil and NW Africa. For instance, serpen-
tinized rocks of the Novo Oriente Group (northern subprovince,
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Borborema province) are akin to subduction-zone derived upper
mantle rocks, that have experienced hydration at an oceanic-
continental transition (OCT), representing a continental margin-
type ophiolite (Pitombeira et al., 2017). Evidence for continen-
tal suturing in this region is reinforced by the occurrence of
HP to UHP rocks in association with subduction-related gran-
ites and orthogneisses, suggesting the development of a complete
accretion-collision zone that marks the Goids-Pharusian ocean clo-
sure (Ganade de AraGjo et al., 2014a, 2014b, 2016; Santos et al.,
2015a; Pitombeira et al., 2021).

In west/central Hoggar, different types of early to late Neo-
proterozoic (~ 870-638 Ma) juvenile to crust-related granites
were identified through geochemical and geophysical (mostly
gamma-spectrometric) signatures, providing evidence of primitive
to evolved stages of plate-margin magmatic arcs (Caby et al.,
1981; Liégeois et al., 1994, 1998; Liégeois, 2019; Béchiri-
Benmerzoug et al., 2011; Zerrouk et al,, 2017). They are believed
to be emplaced during the island arc stage of the Silet terrane
and the whole set can be interpreted as an accretionary com-
plex tectonically extruded towards the west onto the LATEA pas-
sive margin. In addition, several geochemical and isotopic data
obtained in serpentinized rocks within the In-Tedeini area (Pharu-
sian belt) led Ouadahi et al. (2022) to propose an updated geo-
dynamic model for the central-western Tuareg shield, in which
the In-Tedeini mantle wedge serpentinites constitute key markers
of a Neoproterozoic NNW-SSE oriented suture zone, partially con-
trasting with the available early interpretations (e.g., Liégeois et al.,
2003; Caby, 2003). According to Ouadahi et al. (2022), this suture
would connect the western and central domains (i.e., LATEA block),
as the result of an east dipping intra-oceanic subduction (e.g,
Deramchi et al., 2020 and references therein) followed by trans-
pressive and sinistral strike-slip tectonics related to collisional to
post-collisional phases of the western Gondwana assembly, mark-
ing the last stages of the closure of the Goids-Pharusian ocean in
NW Africa.

A comprehensive overview of events documented in central
Hoggar has been presented by Araibia et al. (2022), and suggests
three main evolutionary stages: (i) closure of a paleo-ocean realm
that probably correlates with the Conceicdo Ocean in NE Brazil,
implying east dipping intra-oceanic subduction (? - 650 Ma), in-
cluding the development of an oceanic magmatic arc represented
by the SAA domain that later evolved to a continental arc stage
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of the TAI terranes; (ii) amalgamation of exotic terranes and ac-
cretion of oceanic material on the eastern part of the LATEA and
Afara terranes, followed by collision between the LATEA and TAI,
and exhumation of HP rocks (ca. 650 - 630 Ma); and, (iii) post-
collisional (ca. 630 - 575 Ma) lithospheric delamination that pro-
duced a large volume of elongated granitic plutons along regional-
scale shear-zones (the HKCA plutons). In spite of the lack of correl-
ative ophiolitic rocks in the Brazilian counterpart, a wide spectrum
of ca. 630-580 Ma granitic rocks including early, syn and post colli-
sional derived magmas have been documented and interpreted by
Brito Neves et al. (2016) as a major accretionary marker that are
geochemically and isotopic correlated with those described along
the LATEA and TAI crustal boundary (Liégois, 2019).

In the central subprovince of the Borborema province, the real
significance of the Cariris Velhos mafic-ultramafic sequences (e.g.,
Serrote das Pedras Pretas and Bodoc6 suites) is still an open ques-
tion. These rocks are aged at ca. 1.0 Ga and interpreted as arc-roots
and ophiolite remnants that were possibly obducted by the early
Neoproterozoic Cariris Velhos orogenesis between ca. 960 and 920
Ma (Brito Neves et al., 1995; Kozuch, 2003; Santos et al., 2010,
2019; Lages and Dantas 2016). Tonian ages at ca 1.0 Ga were un-
til now only known in Cameroon as detrital sources (Toteu et al.,
2006b), but a very recent national-wide geological mapping pro-
gramme (Precasem) reports for the first time the initiation of early
Tonian magmatism in NW Africa.

Based on the geochemical-isotopic evidence presented by
Lages and Dantas (2016) for the mafic-ultramafic rocks of Bodocé
and Serrote das Pedras Pretas, we suggest that such primitive
magmas represent relics of an early Neoproterozoic short dura-
tion ocean, later dismembered and obducted during the compres-
sive stages of the Cariris Velhos Orogeny (Santos et al., 2010;
Van Schmus et al, 2011; Caxito et al., 2014b, 2020b). Alterna-
tive options include their development in an arc-back-arc sys-
tem such as the Yamato basin (Japan sea; Sato et al., 2020) or
retro-arc foreland basins, comparatively to the western Argentinian
Cordillera (Capaldi et al., 2020) as a result of ancient slab roll
backs or flat-slab subduction. In addition, these rocks are involved
in the top-to-the-south Serra de Jabitacd nappe deformation sys-
tem that bounds the allochthonous early Neoproterozoic Alto Pa-
jeu terrane and the Archean-Paleoproterozoic autochthonous Alto
Moxoté terrane (e.g., Santos et al., 2017a, 2018), that in addition to
the associated late Neoproterozoic eclogitic assemblage described
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by Beurlen et al. (1992) and Lages and Dantas (2016) are typical
features of accretionary-collisional systems.

Although not yet investigated properly, other occurrences of
mafic-ultramafic sequences in the central Borborema province are
associated with strike-slip and thrust-related shear zones such as
Gurjdo and Sitio Xilili. Available geochemical data of both units in-
clude pristine deformed cumulatic sections as well as serpentinites
and talc-schist, indicating hydratation of the upper mantle as well
as metamafic rocks such as metagabbros and amphibolites that
present typical signatures of N- to E-MORBs, possibly representing
deformed and metamorphosed remnants of obducted upper layers
of the ophiolite strata (sensu Furnes and Dilek, 2022 and references
therein).

In Cameroon, metamafic and meta-ultramafic rocks of the
Yaoundé Group are also related to nappe tectonics, representing
markers of continental collision episodes between the Congo-Sdo
Francisco Craton and different blocks and dispersed microconti-
nents during the Brasiliano/Pan-African Orogeny (Oliviera et al.,
2006; Van Schmus et al., 2008; Toteu et al., 2022). Equivalent of
the Canindé rocks of the Sergipano belt in NE Brazil, the Yaoundé
Group records oceanic crust consumption as well as a complete
spectrum of arc-related to syn-collisional granites marking the clo-
sure of the Transnordestino-Central African oceanic basin (Caxito
et al.,, 2020a and references therein). This ocean and its closure
history is considered an equivalent of the Goias-Pharusian ocean
further south bounding the Sdo Francisco-Congo craton and mi-
nor microcontinents/blocks in the north such as the Pernambuco-
Alagoas superterrane (Brito Neves and da Silva Filho, 2019).

Considering a broader scenario, we suggest the existence of ex-
tensive oceanic realms developed after the break-up of the Ro-
dinia supercontinent (Fig. 15). Despite the poor preservation, the
association of the described complexes is generally associated with
continental-scale shear zones that are herein interpreted as the
record of oceanic basin closure such as the Goids-Pharusian and
Transnordestino-Central African oceans as proposed by Caxito et al.
(2020a, 2021a). The available geochronological dataset indicates
that the major accretionary phases took place between ca. 750 and
650 Ma followed by collisional events in the ca. 630-500 Ma in-
terval (Caxito et al., 2020a, 2021a and references therein). Dur-
ing this timespan, crustal growth and reworking took place in
intraoceanic and continental settings followed by the welding of
several ophiolitic complexes onto the continental margins of the
major continents and terranes during the development of west-
ern Gondwana interior orogens. Evidence of Neoproterozoic sutur-
ing is also reinforced by several regional geophysical surveys in-
cluding magnetic, gravimetric, seismic and magnetotelluric based
studies (Lima et al., 2015; Correa et al., 2016; Padilha et al. 2017;
Oliveira and Medeiros, 2018) and accretionary orogenesis should be
considered as a plausible model to rearrange distinct crustal pieces
of western Gondwana.
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